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Abstract

This paper proposes a web-based extended reality (XR) platform integrating
exhibitions based on augmented reality (AR) and virtual reality (VR). The
proposed platform includes an XR cloud for managing and sharing data in
XR spaces, a VR client for users, and an AR client for real-world users. The
XR cloud is a web-based VR service responsible for managing objects and
spatial information related to real and virtual spaces while simultaneously
facilitating real-time information sharing and synchronization between AR
and VR users. The VR client offers a virtual exhibition environment based on
the virtual space and information for VR users. The AR client overlays virtual
information over objects in a real space, allowing for intuitive interaction
with them. The proposed XR platform was implemented with Oculus Quest
2 for VR and HoloLens 2 for AR and was evaluated in a small exhibition

Journal of Web Engineering, Vol. 22 7, 1055–1074.
doi: 10.13052/jwe1540-9589.2275
© 2024 River Publishers



1056 C. Shin et al.

environment. In this experimental environment, VR and AR users were able
to participate in the same exhibition from different spaces and share their
experiences in real time.

Keywords: webXR, augmented reality, virtual reality, metaverse exhibition,
web application.

1 Introduction

Due to the unforeseen circumstances caused by the corona virus disease
2019 (COVID-19) pandemic, the metaverse, overcoming the limitations of
physical spaces by merging real and virtual spaces, has attracted significant
attention from researchers and end users [1, 2]. Exhibitions in the metaverse
have garnered considerable attention from visitors and researchers who want
to meet in a virtual space [3,4]. Several platforms to overcome the limitations
of physical exhibition spaces have been developed to offer metaverse exhibi-
tions, including Spatial, Mozilla Hubs, and ArtSteps [5–7]. These metaverse
platforms offer exhibitions that enable visitors to view visual arts and artists
to create exhibition sites. One of the advantages of such exhibitions is that
they are not limited by location or time constraints. Furthermore, these
platforms are web-based metaverse platforms allowing users to participate
in exhibitions via web services. However, these exhibitions remain confined
to virtual spaces; thus, they lack a connection to the real world (containing the
actual exhibition items) and the genuine experiences of visitors. Considering
sustainable and successful exhibitions, it is also crucial for virtual reality
(VR)-based exhibitions to support the connection to the real space.

Several studies have exploited augmented reality (AR), VR, and mixed
reality (MR) technologies to support interactive and immersive exhibitions
for recent exhibitions [8, 9]. The most common types of exhibitions offer
AR and VR experiences in separate settings or different areas [10], which
are relatively simple and quite easy to configure and operate. More enhanced
methods involve combining AR and VR in the same museum space, where
objects and space are linked in real and virtual spaces with AR, VR, and MR
technologies. The Light House project presented the possibility of experienc-
ing an exhibition from different perspectives by creating identical exhibits
in web, mobile, and VR [11]. Recently, exhibitions combining real and
virtual spaces, such as VR exhibitions with game elements based on actual
photographs, can offer improved fun and enjoyment compared to traditional
reality-based exhibitions [12].
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However, existing exhibitions focus only on the goal of creating exhi-
bitions by simply connecting the exhibited work within a space, making
it difficult for users in different spaces to share a real-time experience,
where visitors must visit the exhibition together when in different spaces.
In addition, the existing exhibition spaces have limited opportunities for user
participation, making it difficult to expand the user experience and incor-
porate external information into the exhibition using additional information
provided in each space.

To overcome these problems, we propose a web-based XR platform for
linked AR and VR exhibitions. The proposed XR platform consists of an
XR cloud, AR client, and VR client to enable exhibitions that link real and
virtual exhibitions. The XR cloud is a web service that manages the XR
space, information, and visitors of real and VR spaces and facilitates each
other’s events and states in real time. The VR client provides virtual space
exhibitions based on XR cloud information, whereas the AR client provides
an augmented exhibition environment in real space. With this XR platform,
visitors in different spaces can participate in VR and AR exhibitions in real
spaces, allowing them to share different experiences.

The contributions of this paper are as follows. First, we propose a web-
based XR platform design integrating real-world and virtual exhibitions. We
configure AR devices, XR spaces, and VR devices to be interconnected for
a web-based XR experience. Second, the proposed design provides an exhi-
bition environment enabling the real-time sharing of space and information
among users in various locations based on this platform. The status and
information of users and objects are shared among users in real time. Third,
the platform allows users to participate in the exhibition intuitively by placing
and sharing AR and VR exhibits based on hand interactions.

This paper is organized as follows. Section 2 analyzes previous studies
in terms of AR, VR, and XR exhibitions. Then, Section 3 introduces the
web-based metaverse platform and its internal components. Next, Sections 4
and 5 illustrate and discuss the implementation results, respectively. Finally,
Section 6 concludes with future work.

2 Related Work

Both VR and AR technologies have been applied to enhance the user
experience at exhibition sites. Recently, mixed exhibitions combining AR
and VR have been explored to provide a more immersive and interactive
experience.
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2.1 Virtual Reality for Exhibition

Research on constructing immersive exhibition environments using VR has
been conducted. In the initial stages, immersive spaces were constructed as
a way to use VR for exhibitions [13, 14]. Similarly, these exhibitions have
expanded into actual exhibitions based on virtual world platforms, such as
the Google Art Project and Second Life [10]. Similarly, these exhibitions
have expanded into actual exhibitions based on virtual world platforms, such
as the Google Art Project and Second Life [15]. Research has also been
conducted on incorporating gestures and multimodal interactions to provide
interactivity in VR. Research has been conducted on using 360◦ videos
obtained from actual locations to create real exhibition effects to enhance
immersion [16–18].

Further, research has been conducted on providing game-like interac-
tions to promote more active participation in immersive exhibition environ-
ments [19]. In addition, a VR exhibition space that incorporates high-quality
three-dimensional (3D) models, including 360◦ videos and photometric-
based realistic models, is being constructed to enhance immersion in various
exhibition settings [20, 21].

2.2 Augmented Reality for Exhibition

Notably, AR technology has been integrated into real-world environments
to create enhanced exhibitions. Moreover, AR has been developed through
mobile and smartphone devices. More recently, wearable glasses have
improved mobility, increased immersion, and promoted interaction in exhibi-
tion experience research [22]. Initially, this research augmented information
regarding the location and target objects in an environment as the user moved.
In archaeological sites, AR has been used to provide users with knowledge
and experience related to the site by augmenting digital information on
cultural heritage [23]. Further, AR has also been used to enhance the user
experience by transforming the artwork content based on video processing
of real-world objects [24]. Additionally, gaming elements in AR have made
exhibition experiences more enjoyable for users [25]. In contrast, special-
ized mobile devices dedicated to AR provide information through video
processing and interactions, increasing exhibition satisfaction and continuous
viewing intentions [26].

Furthermore, the emergence of wearable glasses has improved spa-
tial immersion and provided bidirectional interactions to enhance museum
exhibitions [27]. Glasses-based AR offers a more immersive and natural
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experience in an environment where mobility is required and where the hands
are free [28]. Moreover, a single photograph can be used to create a 3D object
within a photograph in wearable environments, expanding the exhibition
[29]. Wearable AR using smart glasses allows users to view historical sites
with virtual information in outdoor areas [30, 31]. This AR exhibition also
extends to the MR experience. A cloud-based collective and multimodal
MR was proposed to support the sharing of virtual heritage [32]. With
cloud-based MR, a user and curator share virtual heritage in the same real
space.

2.3 Extended Reality for Exhibition

There is an increasing trend in research on the fusion of physical and virtual
spaces to create XR experiences where multiple users can participate in
exhibitions of different reality spaces. Early research has also been conducted
on mixed exhibition spaces that include physical, virtual, and web-based
environments [11]. Sharing experiences in different reality environments has
provided new possibilities for exhibitions. Further research has focused on
determining the appropriate methods for collaboration between virtual and
physical realities [33]. Subsequently, real-time sharing and collaborating
between these physical and virtual realities are possible from different per-
spectives [34]. Exhibitions in such fusion spaces can comprise combinations
of real- and non-real-time local and remote interactions, and AR and VR
have been suggested as additional classifications [35]. Additionally, a hybrid
exhibition concept that integrates physical reality, VR, and smart displays has
been proposed [12]. This method presents common elements of the exhibition
and combines physical, smart device-based exhibition and VR to allow user
participation. In addition, the XR space has been proposed to improve the
museum experience. A conceptual XR framework has been proposed for
sharing VR and AR heritage. This framework highlights the importance
of user experiences and information sharing among users in VR and AR
experiential spaces [36].

The research on VR and AR continues to progress in enhancing exhibi-
tion experiences. Recent studies indicate ongoing research into spaces that
combine both technologies. Both VR and AR are evolving in the direction
of improving immersion, interaction, and the experience of multiple users
within their respective spaces. Exhibitions in MR spaces are advancing
toward XR, where VR and AR are blended, although this is still in the initial
stages
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One challenge is that real-time location and status sharing among users in
different spaces has not yet been achieved well. Additionally, information
and database construction for basic objects, such as exhibits and users,
and the creation of user-centric experiences and mutual sharing have yet
to be resolved. Therefore, systematic approaches to interconnect real-world,
AR, and VR spaces are needed. A coherent system is required to facilitate
user interaction, allowing users to generate and share information in this
environment freely.

3 Extended Reality Framework for Metaverse Exhibition

3.1 Metaverse Exhibition

First, we introduce a metaverse exhibition combining AR and VR technolo-
gies, as depicted in Figure 1. The exhibition consists of two immersive spaces
connected to a real space and a shared space, facilitating information sharing
between these spaces.

One of the spaces is an AR exhibition, and the other is a VR exhibition.
The shared space plays a critical role in managing information and enables
AR and VR users to share exhibitions between the two spaces. In the real
space, several artworks are physically arranged, and the same artworks are
also placed in VR. In AR, additional information, such as related artworks
and tags about them, is overlaid on the AR glass, whereas the same artworks
and information are displayed in the VR device. Further, AR and VR users
can be aware of each other’s location and status in this scenario. Additionally,
by adding virtual artwork in AR or VR spaces, information about these
objects is shared, expanding the exhibition and making it accessible to others.

Figure 1 Metaverse exhibition based on AR and VR.
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Figure 2 XR platform for metaverse exhibition.

3.2 Extended Reality Platform for Metaverse Exhibition

To support hybrid exhibitions with real and virtual spaces, we proposed an
XR platform that combines AR and VR via the XR cloud. This proposed
metaverse exhibition is established by following the platform illustrated in
Figure 2.

The proposed architecture consists of three parts: the XR cloud, AR
viewer, and VR viewer. The XR cloud manages the information, and users
share the VR space. The AR viewer augments actual artworks with virtual
information stored in the XR cloud, whereas the VR viewer offers a virtual
exhibition view using VR devices. In addition, the AR and VR viewers are
connected via a network to support the real-time data exchange between these
devices. While users participate in VR and AR exhibitions in the metaverse,
they share their position and orientation and new information generated by
other users. We describe the details about the shared information, VR and
AR clients, and sharing procedures in the next section.

3.2.1 Extended reality cloud
The XR cloud comprises an XR database, XR space management, and XR
network manager linking VR and AR spaces and synchronizing events. The
database consists of information to link the real space to its virtual space,
including the XR user, XR space, XR object, and XR user-generated content
(UGC). Figure 3 displays the tables and their fields in the database. The
XR user refers to information about the user in real and virtual spaces,
including the username, user ID, device type, login time, status, location,
and reality type. The term XR space refers to information about the XR
space, including the creator, name, ID, and scale. Furthermore, an XR object
in an XR space refers to objects that exist in real and virtual spaces and
is the basic information required for interactions, consisting of the name,
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Figure 3 The information about XR space.

identifier, location, rotation, scale, and original location of objects and spaces
that comprise VR and can have an ID for connected real-world objects. The
object is linked to raw data on the location, rotation, xy size, and object image
in AR and to information that exists in reality, and it can also have an ID for
connected VR objects. Additional information for users to create and share
in AR and VR spaces is referred to as XR information. The XR UGC refers
to user-created content connected to the XR object, including the ID of the
creator, information type, position, rotation, raw data, and scale.

The XR space management module consists of an AR map and VR space,
both centered on a real-world space. The AR map is generated to track the
real-world space, whereas the VR space is created based on the map. When
the XR cloud is executed, the database reflects the location and status of
objects, initializing and managing these within the virtual space. The XR
network manager creates a shared space for sharing and synchronizing the
AR and VR spaces, immediately delivering and reflecting the state and events
of users and objects.

3.2.2 Virtual reality client
The VR client is a device that provides a virtual exhibition for VR users. The
VR device comprises a VR tracker, interaction manager, and VR space man-
ager to recognize the user’s location, visualize the view, and interact with the
virtual space to provide this exhibition. The VR tracker recognizes the user’s
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position in real time through the head-mounted displays and controllers,
enabling the visualization of space and objects. The interaction manager
provides essential user functions, such as object selection, movement, scaling,
and dragging based on the controller or hand. The VR space manager is
connected to the XR cloud and continuously shares and updates the status
and location based on the objects and events visualized in the virtual space.

3.2.3 Augmented reality client
The AR client provides augmented exhibitions corresponding to the user’s
view through an AR user device, consisting of an AR tracker, interaction
manager, AR space manager for location recognition, view visualization, and
interactions. The AR tracker loads and initializes AR maps for the target
space and estimates the position of the space or object. The interaction
manager is designed for immersive exhibition environments focusing on
natural interaction and user movements based on the functions of a dual-
handed device, even though the smartphone environment is touch-oriented
by default. The AR space manager is connected to the XR cloud through
the network and continuously updates events and movements by detecting
them around augmented and virtual 3D objects that are shared through the
network.

3.2.4 Extended reality space sharing and synchronization
Sharing and synchronizing space is crucial when users are participating in an
exhibition. The XR cloud shares information and status between AR users in
the real world and VR users based on the XR cloud. The XR cloud consists of
an XR network module and XR database, which sets and updates the object
status information necessary for spatial configuration in real time. First, when
executed, the XR database loads spatial and object information in the space.
The AR space manager in the AR device receives a list of AR maps, selects
a specific map, and acquires information. The AR space manager loads real-
world object information and XR information associated with the AR map
to initialize it. When the VR device is initially executed, the XR space in
the XR cloud loads and initializes the VR space and its included objects.
After initialization, the XR network manager shares and updates the status
and events between AR and VR based on the XR network module. The XR
network module collects and transmits 3D pose information about object
movements and status based on shared object IDs between the virtual and
real worlds. As observed in Figure 4, the object is shared by AR and VR
users with its status information. While users have virtual objects, the device
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Figure 4 The status and procedure of XR space sharing and synchronization.

also has ownership of them for the purpose of moving and configuring the 3D
objects.

4 Implementation and Results

We implemented the proposed XR platform for a metaverse exhibition that
combined real and virtual spaces. Initially, we created a small exhibition
space comprising four physical art objects and one empty frame. The exhibi-
tion space was a small gallery section with dimensions of 4 m wide, 3 m high,
and 2 m deep. We employed the Vuforia Area Target Creator to scan the small
exhibition space and obtain its 3D tracking map [37]. Then, we designed a
corresponding VR space containing a range of virtual objects using Unity 3D
(v. 2021.3.1.16f1). The left and right images in Figure 5 depict the real-world
exhibition space and its corresponding VR space.

To implement the proposed XR platform, we employed an AR glass, VR
device, and a server. We selected HoloLens 2 for the AR device (because it
is the most advanced wearable glass that supports two-handed interaction),
a stereo AR display, and a network connection. We used the MR feature
tool to develop the AR client on HoloLens 2 [38]. The center image in
Figure 5 presents the AR exhibition compared to the real and VR exhi-
bitions. Similarly, we used Oculus Quest 2 as the VR device because it
supports controller-based hand interactions and mobile wireless connections.
We included Oculus Unity Interaction to develop the VR client on Oculus
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Figure 5 Implemented metaverse exhibition: (a) real, (b) augmented reality (AR), and (c)
virtual reality (VR) exhibitions.

Figure 6 Extended reality (XR) information sharing in a metaverse exhibition.

Quest 2. The cloud server was implemented with Unity 3D and WebXR,
which supports web-based VR and AR applications [39]. To support net-
working between the VR, AR, and server, we used the Photon network
service [40].Thus, a user wearing the HoloLens 2 could move around the
exhibition space while another user in the VR space visited the VR exhibition,
which was similar to an actual exhibition

Furthermore, we conducted a test to determine how well sharing and
generating XR information works between AR and VR users in the exhibition
space. The goal was to add and arrange a new artwork to the empty frame.
The VR user added new artwork. First, when a virtual object was placed in the
space in VR, it was immediately reflected in AR. After the VR user placed the
object based on the characteristics of the virtual space, the AR user adjusted
it appropriately in the real environment to complete the exhibition layout. In
addition, if the AR user placed an object in reality, the result was reflected
in VR. When the AR user roughly placed their photograph or material in the
space, the VR user accurately placed it to complete the exhibition.
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The left side of Figure 6 displays the XR cloud, and the right side presents
the augmented exhibition along with the real and virtual exhibitions. In this
example, a user in the real space could view the real exhibition items while
gaining more information about the exhibited items with AR, while users in
the virtual space could also view the virtual exhibition items. The movement
of virtual exhibition items was managed by the server and shared by the
users in real time. During sharing, we found that the latency to exchange
the position and location of two users and the new object was an average
of 100 ms. Therefore, while three works existed in both the physical and
virtual spaces, a new artwork was created in the AR and VR spaces. The new
artwork was registered in the XR UGC with details, such as the name of the
piece, time, position, orientation, scale, creator, creation time, and raw data.
This artwork was linked and registered in the XR object.

5 Discussion

The connection between real and virtual exhibitions through the enhanced
metaverse is vital because the strengths of the physical and virtual spaces
can be employed to create an exhibition that allows for different viewing
experiences from various perspectives. This approach creates the effect of
viewing the same exhibition for visitors from other physical spaces. While
existing metaverse exhibitions remain in the virtual realm, the proposed
exhibition form has significance as an expanded exhibition connected to a
physical space.

Synchronized viewing of real-time users and spatial states is critical for
shared viewing. By sharing and synchronizing events based on the presence
and movement of users in different spaces, it is possible to achieve the effect
of jointly viewing an exhibition. Interaction and simultaneous exhibition
viewing enhance the sense of presence and satisfaction in an exhibition space
for users who visit together.

Flexible exhibitions through user participation are also helpful for user-
driven curating and visiting. Curators provide most exhibitions as fixed or
preconstructed exhibitions. In contrast, users can arrange and share their
artworks by directly constructing the exhibition via the proposed platform,
creating an interactive environment where the exhibition space can be
expanded through the placement of UGC in VR and physical spaces.

Nevertheless, limitations still exist. Metaverse exhibitions in the initial
stages were only evaluated in small spaces. Suppose an exhibition on the scale
of an actual exhibition environment is constructed, and many users create
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diverse works and routes. In that case, it is expected that a metaverse exhibi-
tion environment connected to physical and virtual spaces can be achieved.
In addition, improvements are required to arrange a greater variety of works
automatically based on the displayed works in the actual exhibition space,
meaning the virtual space and works can be expanded. Finally, the exhibition
experience of users who participate in physical and virtual spaces must be
evaluated, and practical feedback must be received to verify the possibility of
enhanced metaverse exhibition spaces for users.

6 Conclusions

This paper proposed a metaverse exhibition platform based on reality, AR,
and VR to combine online and off-line exhibitions. The proposed platform
comprises AR and VR clients for users. An XR cloud was also included to
allow the sharing and synchronizing of exhibition spaces and events between
users. The proposed platform was implemented using recent VR and AR
devices, allowing users to experience the exhibition from their own spaces
while sharing generated information and movements in real time. While
previous metaverse exhibitions have focused on virtual worlds, this study is
significant by taking the first step toward a practical metaverse exhibition
combining real and virtual environments.

In future research, we intend to add the annotation of target objects in the
real space to distinguish exhibition and non-exhibition areas and automat-
ically configure the exhibition. Additionally, an artificial intelligence-based
curator could be combined with the platform to provide users with automatic
arrangements and intelligent guidance regarding exhibition items.

In future research, we intent to add annotation over target objects in the
real space to distinguish exhibition and non-exhibition areas, and automat-
ically configure the exhibition. Additionally, an AI-based curator would be
combined with the platform to provide users with automatic arrangement and
intelligent guidance with respect to a number of exhibition items.
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