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Abstract— This research investigates image processing and
artificial intelligence motion recognition for interaction between
virtual 3D objects and users. Digital Twins 3D Objects and
environments are presented simultaneously through internet to
multiple users. Based on the Google MediaPipe AI model at edge
sides, remote servers could collect the information related to the
motion of used for remote interaction and virtual 3D interaction.
In addition, the virtual environments with 3D object are also
modified. Via virtual GPU, Web GPU, and the estimation
functions, the physical environments and users can be calculated.
Users needn’t to have the physical controller , 3D or VR glasses
for the proposed XR remote collaborative operation application.
The feasibility of the proposed system can be higher with less cost.
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I. INTRODUCTION

Recently, the Virtual Reality (VR) and Augmented
Reality (AR) are generally used and developed in
education, entertainments and game [1]. By wearing
so-called virtual glasses, system users could view the
virtual objects. By using the auxiliary hardware
devices, system users would do the interaction with
the virtual objects in the virtualized would. However,
in opinion, due to the glasses, the system users or
operators cannot observe intuitively and intuitively.
To directly have the response appropriately
corresponding to the real or physical environment is
not easy. In addition, limited by the operation
method of the control devices or modules, users
cannot be able to operate or interact intuitively with
virtual objects by their hands and fingers.
Furthermore, for interacting with the virtual object
via control devices and modules, more cost is
required. Considering the cost and quality of the user
experience, Extended Reality (XR) [2] will gradually
become the mainstream technology for digital virtual
interaction in the foreseeable future.
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In recent years, artificial intelligence image
recognition has been able to identify objects, identify
operators and gestures, and locate user positions
[3,4]. Hence, the core technology of XR is to use
computer imaging vision and artificial intelligence
image recognition technology to interact with virtual
environments and objects. In addition, through the
Internet of Things (IoT) devices, the information and
data related to the physical (real) world can be
merged into the virtual environment. [9] Users can
view relevant information about real and virtual
environments at the same time. Some studies
presented the possibility of spatial navigation [2],
entertainment [5,6], and Education [7].

However, to provide the virtual environments and
objects being able to interact with operators and
users would require computing resources. To obtain
huge computing resources for multiple users locate
at different positions, Cloud Computing would be the
possible solution. A cloud computing platform
would do the virtualization of all the computing
resources such as CPU, memory, storage spaces,
Input/Output devices, etc. Even the progressing
mission would require huge computing resources,
based on suitable parallel processing and distributed
system, the progressing mission could be done with
better performance [8]. Through the Internet
connection, multiple users locate at different
positions could have the online XR services.

The main contributions of this research can be
shown as follows:

1. Through artificial intelligence and computer
vision, the body and gesture image
recognition of the extended reality operator
is completed. System users no longer need to
hold control equipment or wearable devices,
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making the operation more intuitive,
intuitive and easy.

2. Utilizing the concepts of remote co-
performance and Collaborative operation
with appropriate projection design, users in
different locations can collaboratively
operate the same virtual object of the virtual
space corresponding to the XR scenario or
environment. The proposed system not only
increases interactivity, but also provides
more entertainment, educational content for
users.

3. The extended reality remote collaborative
operation based on Digital Twins 3D
Projecting will allow users in the same or
different places to conduct relevant actions
and operations in advance. Entertainment,
education, pre-maintenance training or
teaching training, etc., can be developed and
deployed with less cost.

The organization of this research is as follows:
section 2 presents the research related works
including motivation and purpose. Section 3 is the
technical content and characteristics of the proposed
system. Section 4 is the system verification.
Conclusion is given in section 5.

II. RELATED WORKS

Recently, image or object recognition based on Al
modules are generally used. To identify or recognize
the object, labelling and segmenting the objects with
huge image data would be the first step [6,10].
According to the label and segmentation data of the
object, the Al training would find the features and
rules for recognizing the objects. The training results
would be the recognition rules or algorithms
corresponding to each object. Generally speaking, to
progress the Al service would require the computing
resource.

Currently, to progress Al services, cloud
computing platform with huge computing resource
would be the popular solution [8,9]. Based on the
virtualization technologies, the computing resources
such as CPU, memory, storage spaces, etc., could be
dynamically changed. In other words, local devices
would not need to have such huge computing
resource. Instead, via network accessing, the local
users could obtain the AI service from the remote
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cloud server. Therefore, through the suitable
solution, the images at local side could be identified
and recognized by the Al service on cloud.

In addition to transmit the images or streaming, the
first step for objects recognizing included in the
images is deploying the YOLO algorithm and
computing environment [12]. According to the pre-
trained formula or functions with the specific
characteristics of the target object, even similar
music instrument [13], underwater objects [14], or
target object with less different in color [15], can be
detected.

Digital twin technology [16-18] based on the
Internet of Things, Cloud Computing, Big Data,
Artificial Intelligence, Virtual Reality or Augmented
Reality, etc., was generally used and deployed for the
industry 4.0, education and remote interaction
applications. Through the data exchanging and
suitable expression, various responses or actions
corresponding to the current status or scenario could
be chosen and done.

III.PROPOSED SYSTEM

In this research, the proposed system could be
divided into different partitions: User Gesture

Recognition, Virtual Environment Rendering,
System Deployment.

User Gesture Recognition

Through a  general  photography lens,

hands/fingers movements and postures are detected
based on YOLO image recognition similar to the
proposed research [4]. Then, different recognized
hand/finger postures could be used as input
commands. These various commands are on demand
defined corresponding to different operating
functions. Therefore, in this research, it is possible to
interact with the virtual environment and objects
without wearing any auxiliary hardware devices.

In this research, we use a database to store
information and data for artificial intelligence
correspond to the user's status. The proposed system
captures the data in the database to create different
teaching training and operating situations. Then, it
connects to the Internet to conduct online operations
and communication between multiple users, while
synchronizing the extended reality of multiple
operators. In order to distinguish and identify the
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operation methods and goals of different users, it is
necessary to use artificial intelligence image
recognition to recognize the user's behaviour or
gestures. The recognized gestures corresponding to
the specific command content preset in the database
could be used as operations control methods for
extended reality virtual objects.

Considering being lightweight and quickly
deployed on different types of hardware devices, this
research uses Google MediaPipe as the basis for
artificial intelligence recognition [2]. Google
MediaPipe i1s a development framework for
processing machine learning applications. It can be
applied to mobile devices (such as PC, Android,
IOS) and utilize efficient management of resources
(CPU and GPU) to achieve low-latency
performance. In this research, the hand recognition
module was used to interact with the virtual
environment. The perception pipeline can use
MediaPipe to construct modular graphics, including
model reasoning, media processing algorithms and
data conversion. MediaPipe has many recognition
modules. In this study, the hand recognition module
was used to interact with the simulated environment.

Based on MediaPipe face mesh, through
“cv.contorArea” method, the area of the user face
could be calculated according to the following
equation:

Area = %|2?=1(xi X Yir1 =¥ X xip)l (1)
where n indicates the total number of the feature
points corresponding to the face mesh. In addition,
when the value of i is n, the value of i+1 will be set
as 1. Finally, the size or area of the user face can be
evaluated and compared with the normal/average
area or size of faces [11]. In other words, comparing
with the area or size between the measured face and
average face, the possible distance from the camera
to the face could be estimated. Following figure
shows the evaluation results from the MediaPipe.
When an user stand about 1 meter in front of the
camera, the MediaPipe outputs the measured x, y, z,
and the face size values of the same face.
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x: 0.4693387150764U4653

y: 0.37862429022789

z: 0.021847710013389587
Face size 175 .5 square pixels

x: 0.4696352481842041

y: 0.37876802682876587

z: 0.021173691377043724

Face size

square pixels

172.5

Figure 1. The example of the face recognition evaluation result according to
the MediaPipe

Virtual Environment Rendering

However, considering the XR Remote
Collaborative Operation for multiple users, the
presentation of virtual environment or each virtual
object corresponding to different operators’
perspectives or angles would be an important issue.
Therefore, if the only single remote server is
responsible for rendering virtual objects or
environments from various perspectives, it will
occupy a large amount of computing resources on the
server side. In this research, considering the
computing resource of the local side (user side)
would be various, the rendering procedure of the 3D
virtual objects could be done by two available
methods: 1. rendering by cloud, and 2. rendering at
local through network graphics card as the Web
GPU.

Due to the complexity of the 3D virtual object
rendering, the assistance of Graphics Processing
Unit (GPU) is needed. However, not every device at
end user side could have the GPU progressing
resources. Hence, if the GPU of the users’ devices is
not available, the cloud server would render the
virtual object in advance. According to the parallel
processing and distributed system structure [8], the
rendering work could be separated and distributed
into individual GPU for image rendering based on
the cloud computing environment. Finally, the
rendered image could be delivered to the client users.
In addition to the edge devices for parallel
processing, the cloud computing platform could also
provide the virtual machines with the assigned GPU
for the image rendering. The remote client user can
connect to the corresponding virtual machine for the
rendered images.

In opposition, if there exists the GPU at the client
user side, to render the image and virtual object at
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user side by transmitting a few related data would be
also a good solution. Since there would be multiple
users in the virtual environment at the same time,
reducing the graphics computing load on the server
side can also avoid network delays and congestion
caused by the operating from multiple users or large
amounts of 3D virtual objects or environment
information transmission. Therefore, via delivering
the 3D virtual objects or environment information,
the user side devices could render the virtual objects
or environment through the Web GPU. Therefore,
only a few data would need for transmission through
network.

To deploy the environment for more possible 3D
virtual ~ object designing, Unity for the
implementation of proposed, which is commonly
used for 3D environment construction, is used. Its
functions provide the application of online (network)
GPU. Unity can achieve outstanding results in color
rendering through Web GPU. When performing
technical services and teaching training, the color
distinction of the drawn extended reality virtual
objects or environments will be more realistic.

When considering various 3D models for teaching
training or technical operations, there may be
different situations or scripts. Therefore, the
database will be connected as a storage for storing
data, including object parameters, restrictions and
trigger conditions, etc. In addition to using Unity to
complete the 3D virtual environment and objects, the
proposed system in this sresearch also needs to be
able to provide different users with collaborative
operations in different locations through the Internet.

IV.VERIFICATION RESULTS

In this research, in order to be able to create a
virtual environment for different needs, we create
rooms in Unity. When entering the room, a script
connected to python will be triggered. The camera
will be turned on by python and start recognition
progress. At the same time, another script will
receive the data transmitted by python. Next, the
unity will capture the data of the corresponding
scene.

As shown in Figure 2, the gesture artificial
intelligence recognition results are obtained by
capturing the operator's gestures through the camera.
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From the predefined observer angle, the recognized
gestures, finger skeletons and other information can
be rendering in the extended reality virtual space.
The left side of the picture shows the perspective of
the gesture operator. The left and right hands have
been recognized and rendered by the MediaPipe
hand recognition module as 3D virtual gestures and
skeletons (purple line segments). The right side of
the picture is the perspective facing the gesture
operator. Hence, the virtual rendering result of the
gesture appears in a shadow state (darker gray)
instead of the reflection on the left (whiter and
brighter). It shows that the 3D virtual gestures and
skeletons drawn wusing the MediaPipe hand
recognition module can be quickly integrated into
the extended reality virtual environment. Users can
be more intuitive and intuitive of manipulating
virtual objects in extended reality.

Figure 2. The example of the MediaPipe hand recognition

When the gesture recognition module completes
and transmits the recognition results, the result
information is processed by Unity. Corresponding to
different recognition results are represented by
different operation command inputs. Therefore,
unity can operate virtual objects according to the
operation commands, including clicking, translation
and movement. The results of these extended reality
computing interactions will be rendered on the unity
screen.

Figure 3 presents the virtual 3D objects operation
and environment for multiple users. In this scenario,
the users will locate at the same side (both front side
or back side) to operate and collaborate the 3D
objects based on the gesture artificial intelligence
recognition. Only one camera is required for the
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gesture artificial intelligence recognition in this
collaboration scenario. It also means that the virtual
environment could be transmitted and presented in
different locations for different users with the same
collaboration scenario. Multiple users could
collaborate with each other by operating the same
virtual 3D objects or digital twins scenario.

Figure 3. The digital twin verification example of the proposed system:
collaboration of multiple users in XR machine operation.

Figure 4 shows the new application of digital twins
based on the proposed system. Multiple users will
locate at different viewpoints corresponding to the
virtual 3D objects of digital twins. Hence, the
location, distance, etc., of the virtual 3D objects
would be different corresponding to the users’
viewpoints. Based on the gesture artificial
intelligence recognition and relative position of 3D
objects, the operation at one user side and the
collaboration between multiple users could be still
correctively presented.

Figure 4. The digital twin verification example of the proposed system:
collaboration of multiple users corresponding to various viewpoints of virtual
3D objects.

Using the 3D space network connection method
built by Unity itself, multiple users can connect to
the same 3D space. Therefore, using the gesture
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recognition module to transmit the recognition
results, the operation status of individual users can
be identified. At last, by using the new identification
program for unity, you can operate a single 3D
virtual object with more possibilities, including
operation with only one hand, operation with two
hands, operation with two peoples’ four hands, etc.
In addition, through different users, even in different
locations, via extended reality, the operations of
multiple users can be completed in the same
direction, opposite directions, etc., to complete
multiple users’ remote collaboration.

V. CONCLUSIONS

This research can overcome the time and physical
space limitations of traditional physical education
and training. System users could carry out
collaborative work or educational training in the
digital twin virtual world anytime and anywhere. The
proposed system can simulate various physical
scenes and objects, and promote the possibility of
collaborative cooperation through instant feedback
and evaluation.
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