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Abstract. Mixed Reality (MR) is an emerging technology that can create a visual environment
connecting the real world and the virtual environment. With this technology, the way
information is presented has changed in a great number of domains. However, for common
people, this technology still looks far away from life and seems unintelligible. Therefore, this
essay reviews the development and recent research of MR, trying to help people without
professional backgrounds understand this emerging technology and offer researchers another
perspective on MR. By using the methods of text mining, this essay has reviewed more than
twenty papers related to MR on different topics, including the definition, the principles, and the
applications. The objective of this essay is to provide a comprehensive understanding of MR,
which may promote wider applications and research.
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1. Introduction

With the unveiling of the latest Mixed Reality product, Vision Pro, by Tim Cook at the 2023 Worldwide
Developers Conference, Mixed Reality (MR) technology has once again captured the world's attention
on a grand scale. While MR has seen significant application in recent years, such as in driving systems
[1] and healthcare, the precise definition of this innovative technology remains ambiguous, lacking a
unified consensus in both industry and academia [2]. There are generally four definitions of MR [3],
which can be summarized as the Reality-Virtuality Continuum, a synonym for augmented reality (AR),
and collaboration or combination of virtual reality (VR) and AR. Nevertheless, it is undeniable that MR
technology has its roots in both AR and VVR. The technique of AR involves integrating 3D graphics into
the real world by spatially registering them in the physical environment [3], offering users a visually
enhanced experience based on the real physical world. On the other hand, VR merges virtual reality with
the real world, enabling spatial interaction within a simulated environment.

Despite the significant impact of these three technologies across various industries, numerous
challenges persist. Therefore, the purpose of this essay is to critically review and discuss the current
development of MR technology, including the definition and technologies of MR, while also exploring
future possibilities and challenges that lie ahead. By delving into these aspects, the aim is to gain a
deeper understanding of the potential of MR and its implications for the future.

2. Definition of MR
In order to enhance comprehension and gain insights into this technology, this section will delve into the
fundamental definition of MR and explore the distinctions.

© 2023 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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2.1. Reality-Virtuality Continuum

The commonest definition is the Reality-Virtuality Continuum [4]. This conception was first brought up
by Milgram et al. in A Taxonomy of Mixed Reality Visual Displays in 1974 and has been cited
thousands of times in the next quarter century. The continuum utilizes computing techniques to create a
scale model representing real-world classes. Figure 1 illustrates that on the left side is the real
environment, which is the real world without any virtual objects. On the right side is the virtual
environment, which is the environment created by computer graphical techniques. The mixed reality is
everything between these two parts (not including the extrema). MR aims to merge real and virtual
environments, enabling seamless coexistence and real-time interaction between physical and virtual
objects in a vast interconnected space, catering to various user scenarios [5][6]. It serves as a class of
simulators that combine both realms, resulting in a compelling hybrid experience that bridges the gap
between the virtual and real worlds.

Real environment Augmented reality Augmented virtuality Virtual environment

Figure 1. Reality - Virtuality continuum [5].

However, the Reality-Virtuality Continuum, while a valuable framework in the early 1990s,
primarily centered on visual displays, thus limiting its ability to fully encompass novel developments
like multi-user or multi-environment MR experiences. As technology has progressed, the scope of MR
has expanded far beyond visual elements, incorporating diverse sensory inputs and interactive
capabilities that go beyond what the early model could anticipate [3]. Therefore, relying solely on the
Reality-Virtuality Continuum may hinder a comprehensive understanding of the full potential and
complexity of modern MR applications.

2.2. Synonym for AR

In the second situation, it is commonly perceived that MR is an advanced iteration of AR, encompassing
a broader range of functions and capabilities [3]. This view holds that despite the expanded
functionalities, both MR and AR still share fundamental core techniques, such as the seamless
integration of 3D graphics into the real world and spatial registration within the physical environment.

2.3. Collaboration and Combination

Another two notions of MR are the collaboration or combination of AR and VR [3]. The former refers to
MR, which describes interactions between an AR user and a VR user who may be physically separated.
This idea encompasses space mapping, wherein the environment of a local AR user is reconstructed in
VR for a remote user's experience. The latter represents that MR is a system that combines separate AR
and VR components, allowing these two parts to interact without strict integration, or an application
capable of seamlessly switching between AR and VR based on requirements.

The common ground between these two concepts lies in the focus on intertwining real and virtual
elements to create seamless and immersive experiences for users. However, disparity and controversy
arise regarding whether VR should be considered part of MR. The former emphasizes the interaction
between separate users in distinct environments, while the latter emphasizes the combination of distinct
AR and VR elements within a single system.

2.4. Comparison of Definitions

This section has presented the four predominant definitions of MR. The diverse definitions can be
attributed to the dynamic nature of this emergent technology, which, despite being in practical
application for several decades, lacks a universally accepted consensus within the academic and
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industrial domains. Moreover, as a derivative of AR and VR, in certain instances, it may be more
pertinent to focus on researching the individual technologies of AR and VR rather than striving to
establish a precise definition for MR itself.

Upon comparing the four definitions, it becomes evident that they all concur that MR originates from
the integration of AR and VR. Additionally, AR, which exhibits stronger ties to the real world and does
not entail a completely virtual environment, is recognized as a subset of MR by all definitions. However,
the disparity and controversy arise regarding whether VVR should be considered as part of MR. The first
two definitions regard VR as a separate entity from MR, considering it solely as a method to enhance AR
techniques. Conversely, the other two definitions view VR as an integral component of MR. Although a
precise and standardized definition might aid in comprehending MR better, as mentioned above, in
practical research and application, the distinction may not hold significant weight. Given that MR
encompasses a fusion of techniques, the key lies in understanding how to effectively utilize it rather than
solely focusing on a rigid definition.

3. Techniques and Development of MR

3.1. Principles and Techniques

At present, there exist two primary technologies for crafting MR spaces, namely optical see-through and
video-see-through approaches. In the optical see-through technology, users perceive the real world
directly through tools, such as transparent glass, facilitating the seamless integration of virtual elements
into the real environment. Conversely, the video-see-through technology entails the simultaneous
presentation of both virtual and real objects on an Liquid Crystal Display screen, allowing users to
observe a blend of synthetic and real-world content [7].

The key distinction between these two technologies is how they deliver the MR experience to users.
Optical see-through offers a more natural and immersive interaction by enabling users to view the real
world unobstructed, with virtual elements seamlessly integrated into their visual field. This approach
often involves utilizing specialized head-mounted displays or glasses to achieve the desired effect.

On the other hand, video-see-through technology leverages an LCD screen to superimpose virtual
objects onto the real world as perceived through the display [8]. This method provides greater flexibility
in terms of device portability and content rendering, as it does not rely on direct visual access to the real
world. However, it may present some challenges in achieving perfect alignment and transparency of
virtual objects in the user's view, which may potentially affecting the overall sense of immersion.

To establish a MR environment utilizing a see-through approach, several essential steps are involved,
as depicted in Figure 2, including device recognition, space recognition, object detection and tracking,
mapping recognition, visual recognition, and portable recognition.
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Device recognition(Calibration)

Space recognition(Modeling real word in virtual world)

Object recognition(object detection)

Mixed Reality
Object tracking recognition(Tracking )

Mapping recgonition
(Registration and Mapping between virtual space and real space)

Visual recognition(Visualisation & Rendering)

Portable recognition(Implementation data and service in portable device)

Figure 2. MR environment creation steps [5].

3.2. Algorithms and Methods

In the process of establishing an MR environment, various crucial algorithms and methods are required
at each step of the setup. Hence, this section will focus on discussing and summarizing different studies
on these algorithms to introduce the development of the current MR.

3.2.1. Calibration. In MR, calibration technology refers to the process of establishing an accurate
correspondence between physical locations in the real world and virtual objects or scenes in the virtual
world [9], where virtual objects can be precisely aligned with the real world, providing users with a
more realistic and immersive experience in MR.

In the current study, in the context of Head-Mounted Displays worn on the user's eyes, the calibration
model addresses the instability between the handheld tool and the user's hand, enabling seamless
interaction with virtual objects and leading to more accurate camera parameter estimation [5].
Additionally, another research team utilized a projection model with a matrix transformation formula to
compute fish-eye camera parameters, which proved valuable in generating full-view spherical images
for scene reconstruction [10].

3.2.2. Model of Space and Simulation. Space modelling is also significant to create an MR
environment, which contains modelling large spaces, such as rooms, and incorporating real objects,
such as tissues. Various methods exist for space modelling. For instance, geometry and VRML format
was utilized for modelling MR room applications, employing descriptors to provide user information
and location in the MR space [11]. Similarly, another research team proposed a toolkit for building
large-space MR environments, using Voronoi spatial analysis to construct virtual scenes in 2D maps
and 3D scenes through sweeping analysis [12]. The toolkit enables arranging virtual objects in real
scenes with accurate matching using anchor data and a VVoronoi-based structure for path management,
object layer adjustments, and efficient rendering visibility preservation. Furthermore, a machine
learning and Delaunay triangulation-based method was also used for creating an MR environment,
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which was generated using 3D data from scanning, mesh calculations, and region classification with
specific rules, enabling precise placement of scene objects within classified regions [13].

3.2.3. Object Recognition and Tracking. Another two essential algorithms in MR are object
recognition and tracking. These two technologies allow for the identification and tracking of
real-world objects, facilitating the seamless integration of virtual objects into the real environment to
create immersive MR experiences [5].

In the realm of object recognition, diverse methodologies have been investigated by researchers. One
instance involved an image-processing-based strategy, utilizing probability-based segmentation, to
identify mobile entities like humans from the foreground [14]. This enabled the introduction of virtual
elements, such as homes, into real-world scenes. In contrast, a separate study proposed an image
processing approach that employed semantic segmentation coupled with conditional random fields in
recurrent neural networks (CRF-RNN) to establish a relevant context for presentation on a
material-aware platform [15]. Moreover, spatial object recognition was embraced in another study to
showcase pertinent information, like buildings, based on the user's field of vision [16]. This framework
integrated distance-dependent filtering to determine the information to exhibit, contingent on the user's
proximity to the subjects of interest.

Furthermore, MR tracking methods are typically classified into three categories: sensor-based,
vision-based, and hybrid [17]. The hybrid method combines elements from both sensor-based and
vision-based approaches to address their respective limitations effectively. Sensor-based tracking relies
on various sensing devices, including GPS, visual markers, acoustical tracking systems, magnetic and
inertial sensors, and hybrid systems, to estimate real object positions. On the other hand, vision-based
tracking utilizes computer vision techniques and image processing, which can be either feature-based or
model-based. Three mechanisms were proposed for self-inspection in the BIM model, which includes
feature-based tracking using feature detection and SLAM (Simultaneous Localization and Mapping),
model-based tracking involving contour detection, and spatial-based tracking using depth information
[18]. These vision-based approaches allow for the accurate positioning of virtual objects relative to the
real environment, enhancing the overall MR experience.

3.2.4. Registration and Mapping. Registration and mapping represent other essential technologies in
the realm of Mixed Reality (MR), enabling the seamless integration of virtual and actual elements.
This results in the precise interaction between virtual objects and the physical environment. As an
illustration, in a specific study, the ICP algorithm was leveraged to superimpose a virtual
representation of a historical building onto the physical space based on the user's location [19]. This
technique tackled the complexity of mapping and registering extensive data by employing key
user-selected objects from a scaled-down virtual model. Likewise, in another work, a novel method
was introduced involving mathematical transformations such as perspective, affine, and isometric
transformations, for aligning a virtual cube with the real world [20]. This approach enhanced the
calibration accuracy with HoloLens, ultimately leading to improved precision.

3.2.5. Visualization and Rendering. The display of MR content necessitates the use of advanced
analytical algorithms to tackle various challenges. These challenges encompass enriching video
images by adding virtual files, achieving a close-to-reality representation of virtual objects with
lighting and shadows, managing the level of detail concerning the user's position, addressing occlusion
and screen off issues for invisible objects, employing standard schemas for faster display, handling
bulky 3D data like point clouds, and synthesizing information from different display sources. For
instance, in a specific study, the immersion of virtual objects into video images was achieved using
chroma-keying with PCA, a technique useful for foreground identification through separating images
into back and foreground components [21]. In another study, the application of spherical harmonics
light probe estimation facilitated light calculation via deep learning, enabling processing of raw
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images without prior scene knowledge [22]. Furthermore, an innovative lighting model was introduced
in a different work, incorporating a refractive object within the instant radiosity (DIR) model [23].

3.3. Current Development and Applications

3.3.1. Trends and Application. As an emerging technology that can create a virtual environment in
real scenarios, MR has developed rapidly in recent decades and is widely used in various scenarios. A
discernible increase in the volume of MR publications over recent decades has been evident,
signifying a noteworthy surge in attention and interest towards this technology [23]. Additionally, it
highlights that the realm of applications has experienced considerable expansion, followed by user and
technical subjects, underscoring the extensive integration of MR across diverse domains [24].

For example, in the realm of application, researchers have explored and proposed various methods to
enhance users' usage and interactive experiences in the current stage. For instance, they have created a
small room equipped with multiple depth cameras and projectors to investigate various interaction and
computation strategies associated with spaces inhabited by interactive displays. They introduced a novel
prototype featuring a combination of multiple depth cameras and projectors, enabling ordinary walls and
tables to become interactive surfaces, allowing users to interact within and between room-sized
environments on interactive surfaces above them [24]. Additionally, smart glasses or head-mounted
displays (HMDs) have been gaining popularity as the next-generation mainstream wearable devices [25].
Given the compact wearable platform of HMD systems, novel interface modalities are required.
Multimodal fusion techniques empower users to interact with computers using various input modalities
such as speech, gesture, and eye gaze [26].

In other realms, MR has also played an important role. In the field of education, researchers have
explored and confirmed the usability of MR, especially in science centers and museums, where applying
MR to educational exhibits gamnered positive feedback [27]. Moreover, in classrooms, MR has
transformed learmning sessions into interactive and engaging "TV-show style games,” significantly
boosting student motivation [28]. In the medical field, MR offers advantages over haptic interfaces and
robotic-assisted surgery, as it provides a touchless interface, ideal for the sterile environment of the
operating room. With no physical contact required, surgeons can still maintain necessary control
features [29].

4. Current Challenges and Future Studies
Despite significant advancements and widespread applications of MR technology in various fields, there
are still some shortcomings that hinder its further development and extensive use.

In terms of algorithms, there is a need for improvements in large-space modelling, involving the
consideration of sharing between different coordinate systems using standard schema-like ontologies.
Additionally, an authoring system is required to enable seamless integration of raster and vector data in
2D and 3D, along with appropriate tracking systems to accurately determine the status of objects
through sensor fusion [29]. Moreover, object recognition faces challenges with spatial object detection,
leading to unwanted errors due to tracking tools like the global positioning system (GPS). To address
this issue, image-processing techniques are necessary to extract contour data, followed by a comparison
of the extracted data with maps to correct errors [16]. In the aspect of MR mobile apps, more research
are needed on new computer graphic algorithms for automatic environment construction and realistic
data visualization. Large-scale MR should include security mechanisms for diverse information levels
(organizations, social network data, virtual objects, users, and environmental sensors). Enriching MR
content with IoT demands new architectures for seamless integration. Future MR systems should
prioritize interface automation, ensuring user adaptability [5].

Furthermore, the current stage of MR hardware is relatively large and expensive, posing another
obstacle to its progress. To overcome this limitation, researchers are focusing on mobile devices and
applications, which are currently the most popular trends in the MR research field. However, the
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computational power of mobile devices needs improvement, and there is a requirement for a better
balance between performance and capacity to enhance the information provided [24].

5. Conclusion

This essay has preliminarily reviewed and discussed the four different primary definitions of MR, the
main technologies and currently applied methods in MR, the trends of research, the challenges and
research in the future.

Through our retrospective analysis, the evolution of MR technology has been presented, shedding
light on its transformative journey. However, it is essential to acknowledge the limitations of this essay.
Some topics may have lacked in-depth exploration, and the information presented may not fully
represent the cutting-edge research being conducted today.

Despite these limitations, this essay serves as a valuable starting point for comprehending the
multidimensional landscape of MR. By addressing challenges and opportunities, we hope to inspire
future researchers to contribute innovative ideas and solutions to the advancement of MR technology.

In conclusion, MR is an ever-evolving field with vast potential, and continued exploration and
collaboration will undoubtedly shape a future where immersive experiences become an integral part of
our daily lives.
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