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Abstract. In order to reproduce the grand look of Hanging Stadium and restore the most realistic Hanqing
Stadium internal layout and structure, a simulation system based on the virtual reality technology for the
internal structure layout design of the stadium was designed and developed. Based on the current development
trend of virtual reality technology, a three-dimensional dynamic space model was established to restore the
real conditions of Hanqging Stadium. By integrating emerging technologies such as panoramic images,
panoramic views, and stereo vision into virtual reality technology, the sense of reality was enhanced. 3Dmaxs
was used to establish the Hanqging Stadium scene design model, the surrounding and internal scene models

were reconstructed, and the experiencers’ feelings about the real scene were restored 1:1. The use of
technologies such as panoramic images and views enhances the realism and three-dimensionality of the

picture.

1 Introduction

Located on Taishan Road in Huanggu District, Shenyang,
Hanging Stadium was built in 1929 and has a long history.
In 2001, Hanging Stadium was listed as a national key
cultural relics protection unit. As the first modern stadium
in the country at that time, it could hold more than 30,000
people. Its rostrum is of the Romanesque architectural
style, and the horseshoe-shaped stands open to the south,
so it is also known as the "Roman-style horseshoe
stadium", which fully reflects the design style of the
integration of Chinese and Western cultures ['l. However,
due to the relocation of Shenyang Sport University in 2007,
the fate of Hanqing Stadium became rugged. Because it is
a cultural relic site and developers cannot develop it,
Hanging Stadium has begun to become dilapidated. The
plastic field suffered severe damage, the house near the
stand was on fire, and the text on the stone tablet had
become blurred. However, as a national key cultural relics
protection unit, Hanqing Stadium still has its historical
research value.

Using virtual reality technology, through the
simulating construction of Hanging Stadium’s style,
appearance, structure composition, and spatial details, the
historical grand scene of Hanqing Stadium was restored.
Scientific and technological means were applied to display
the building through visualization technology . The
application of this technology has made a great
contribution to the historical research and educational
research value of Hanqging Stadium.

Virtual reality technology is generated using computer

graphics systems and various control system equipment. It
relies on an interactive environment B! to present users
with visual, auditory, smell, touch and other immersive
sensory simulations. The rise and development of virtual
reality technology is a leap forward for the development
of science and technology in China, and it has contributed
a new force to the development of computers. Therefore,
it has been applied to many current fields including
medical, engineering, military, aviation and navigation,
etc. The development of this technology is becoming more
and more popular.

The emergence of VR technology [l has also made
important contributions to the development of new
products. The advantages of VR technology, such as low
cost, high efficiency, and ultra-high transmission speed,
have made scholars in many countries notice this
technology. China has also increased its research efforts
on this technology. With the rapid development of
computer science and technology in China, virtual reality
technology has been widely used in the realization of
venues, architecture, and design concepts. ) On the basis
of informatization design methods, the characteristics and
advantages of VR technology are used to analyze the
design of Hanqging Stadium, so as to construct realistic
scenes, which enables users to form a brand-new visual
experience, [© effectively improves visual effects and
quality, [ thus offering immersive experiences.

The existing papers related to Hanging Stadium [
mainly focus on the analysis of the environmental
structure, research significance and value of the stadium,
[l and have not systematically proposed research methods
and specific technologies. This paper proposes a specific
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technical plan for the design of the stadium’s scene
reproduction, so as to implement the overall display of the
stadium and make up for the shortcomings of current
related academic papers.

2 System design plan

2.1 Overview of the system

The recurring stadium solution is based on the VR
somatosensory interactive virtual reality device HTC
VIVE. Based on HTC VIVE’s somatosensory interaction
technology!'”’, it has the ability to track gesture
information to complete operations, and can provide users
with a better experience. [!l Virtual reality technology (VR)
and environment design provide an experience of
immersion, interaction and simulation. The SQL
structured query language was used to establish contacts
and communicate with multiple databases. In order to
visualize the image scene and realize the visual
management of the assembly relationship, a three-
dimensional model was established to truly restore the
stadium picture. The addition of panoramic images and
panoramic videos made the stadium look stronger. The
technology system was finally packaged in desktop-level
programs through C# for people to use and conduct
research with.

2.2 The key technology of the system

2.2.1 HTC VIVE interactive device, Unity3D engine

To fully display the various venues and sports facilities in
the stadium and determine the location of objects,
Unity3D was used as the main development platform, and
interactive equipment HTC VIVE was used to complete
the development of the Hanqing Stadium prototype
system. [2! The HTC VIVE head-mounted interactive
device consists of a head-mounted display, a laser sensor
locator, and a handle controller. The device can display
with different effects through the binoculars, so as to
present immersive 3D virtual pictures after different
scenes are superimposed when the user is watching with
binoculars. '3 It combines cloud computing, Internet of
Things, big data, and other technologies to realize the
intelligent experience and viewing process of Hanqing
Stadium, and it takes Al intelligent space navigation,
intelligent dispatch control, real-time detection of space
environment, emergency handling of emergencies and
other technologies as the reference basis for space location.

2.2.2 Acquisition of 3D data and stadium modeling

As one of the technologies used in the 3D scene
reproduction of the stadium, the acquisition of 3D data is
a key part that restricts the location information. The
visual presentation of Hanqing Stadium is an experience
process from the overall scene to the partial scene, from

the large-scale surface to the small-scale orientation. The
establishment of a three-dimensional stadium model is an
important part of three-dimensional visualization.

Firstly,3DMAX software was used to build a three-
dimensional model, and the basic simple geometry was
used to construct the complex geometry required for the
visual presentation of Hanging Stadium to meet the
realistic visual experience. Secondly,In the use of complex
geometry modeling, by using multiple two-dimensional
geometry and three-dimensional geometry through a
series of superimposition and combination, the three-
dimensional complex geometry required for the
construction of the stadium was obtained. Finally, a three-
dimensional model was generated from the geometry and
the three-dimensional image through Boolean operations.
4] Through the data collection and analysis of various
facilities, buildings, runways, and sports equipment in the
stadium, three-dimensional models of different areas such
as outdoor sports ring, natural ecological ring, national
fitness ring, and garden tour ring were established to
provide users with an intuitive and visual stadium
environment.

2.2.3 Acquisition of panoramic
panoramic videos

images and

To solve the issue of the monotonousness of traditional 3D
modeling data, based on panoramic image and panoramic
video acquisition technology, ['*! a dynamic interactive
virtual space was built. For the panoramic image, it was
planned to adopt two methods to obtain the panoramic
image. The first is the method of collecting multiple sets
of pictures to form a panoramic image, using panoramic
image splicing technology based on image rendering; the
second is to use a professional panoramic camera, set
appropriate camera calibration parameters in advance, and
automatically obtain panoramic images. For the
panoramic video, the 3D camera was used to obtain the
360-degree all-round shooting of the required field and
scenery. Panoramic images and panoramic videos are new
types of three-dimensional data acquisition methods,
which have the characteristics of full viewing angle,
strong sense of reality, and high current status, and can
display various topography and landforms in more detail.
It has a high resolution and three-dimensional effect
combined with virtual reality to enhance the immersive
experience for users.

2.2.4 Demonstration of part of the operating system

According to the content involved in the realization of
virtual reality technology in the stadium, the operating
system consists of five parts for demonstration, including
demonstration of the external scene of the stadium,
demonstration of the outline scene of the stadium,
demonstration of the layout of the stadium, demonstration
of the internal facilities of the stadium, and dynamic
demonstration of the functions of the stadium.
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Figl.Demonstration diagram of Hanqing Stadium virtual reality system

2.2.5 Model building process analysis [16]

The overall visualization model of Hanqing Stadium was
established by 3DMaxs. 3DMaxs is suitable for a series of
modeling productions such as architectural design, 3D
animation, and dynamic scenes, which have strong
flexibility and are professional tools for making
architectural models. 3DMaxs has good guidance nature,
maneuverability and practicability in the finished
renderings, and has detailed modeling parameters.

Compared with 3DMaxs, Maya is more suitable for model
establishment of film and television scenes and animation
environments, and 3DMaxs has high work efficiency and
strong operability. On this basis, for Hanqing Stadium’s
in-field model design, 3DMaxs modeling software was
used, and PixyzStudio was imported to specifically
subdivide different venues or facilities in the stadium, and
the model was revised, optimized, and exported. After
further processing the Hanqing Stadium model with
Cinema4D, it was imported into Unity for use, which
effectively realized the lightweight conversion and format
conversion of the model data.

3D

Visual experience and interaction system of
Hanging Stadium based on the combination of
3D Visual experience and interaction system of
Hanging Stadium based on the combination of

Panoramic camera >
to collect materia

scale

Modeling
sports venues to

Visibility and
interactivity

) 4

Ground and runway level Stadium wall Plant Wear VR glasses
¢ .
| modeling
|
|
. o o Wall edge .
Infrastructure level | - Landscape Interaction and
| . Lo
modeling visualization
Decoration design level Inside the | |
wall ,
: | | Step Immersive
Sports equipment level Top wall modeling experience
Road and bridge
modeling

Fig2.Hanqing Stadium interactive experience system block diagram
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Fig3.Hanqing Stadium model export process diagram

3 Running results [17]

The abandoned Hanqing Stadium still has values in many
senses. For example, the overall design of Hanqing
Stadium perfectly embodies the integration of the central
culture. It covers a large area and is a national key cultural
relics protection unit, which makes the reconstruction of
Hanqing Stadium possible. However, Hanqing Stadium is
still in an abandoned state. It is difficult for the public to
experience the grandeur of the stadium. Therefore, it is
feasible to reshape the whole picture of Hanqing Stadium
through virtual reality, which is an effective measure for
the public to experience the stadium. Using VR virtual
reality simulation, the appearance of the stadium was
reproduced, and the large stadium of more than 3,000
square meters was reproduced, so that users can
experience and feel the stadium. Light perception was
applied to achieve such a user’s experience.

As the system is running, the user enters the simulated
real world, enters the main page, and sees the view outside
Hanging Stadium. In virtual reality, on the left-handed
handle, the user can see the floor plan of Hanging Stadium.
During the experience, the user holds the two handles with

both hands, puts the handle on the text on the floor plan,
and releases it to the scene corresponding to the text. In
the scene, the user can manipulate the handle to walk and
watch the simulated real world in 360°.

During the simulation of Hanqing Stadium in virtual
reality, with multiple realistic designs such as sound
effects and light perception, Hanqing Stadium can be
reproduced truthfully. Sound effects and light perception
can simulate the real effects of theaters, bars, and circular
racetracks in real stadiums. In order to enhance the
experience, the control of the light perception was made,
and the simulation of the cloudy sky was strengthened, so
as to bring the user into the stadium. The aperture and
animation were strengthened, so that when users walk in
the stadium, there are apertures and arcs. The interactive
design of HTC Vive interactive device was used to fully
demonstrate the real effect of simulation. During of scene
transition, the connection between the animation effect
and the scene is strengthened to reflect the authenticity of
the scene and make the experience smoother. All of the
measures are to enhance the details, strictly control each
part, improve the environment atmosphere, emphasize
comfort, interactivity, and authenticity, and enhance the
sense of immersion.
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4 Conclusion

Based on virtual reality technology (VR) this system
reproduces all-round scenes of Hanqing Stadium’s
internal venues and facilities. Based on the development
of the existing 3D visualization technology, this study has
realized the human-computer interactive upgrade, which
brings the users natural and comfortable experiences, and
enhances the sense of reality and realism in the projection.
The acquisition technology of panoramic images and
panoramic videos solves the issue of the monotonousness
of traditional 3D modeling, and meticulously depicts the
different topography of Hanqing Stadium, giving users an
immersive experience, letting the users know about the
truthful look of Hanqing Stadium without leaving home.

Based on the data analysis obtained from the
experiment, the use of virtual reality technology (VR) to
analyze the structure of Hanqing Stadium has the
following research value. (1) Experiencers can cross
geographical restrictions and have a comprehensive
experience of the stadium’s internal environment without
leaving their homes. (2) This system technology can be
used to pre-design the renderings of the relevant building
products, which is convenient, true and fast. (3) In reality,
it can avoid damage to the stadium facilities when the
experiencer visits the stadium. (4) The sports culture and
related sports knowledge of the stadium can be
popularized through the simulated physical objects,
models, various experience facilities and demonstration
facilities of the stadium. (5) Breaking the visit limitation
that may occur when traditional users visit the building
and the limitation of incomplete information from the
narration of human staff, this system can present the full
picture of the stadium in all directions and multiple levels
for detailed introduction. (6) The autonomy of the user is
fully manifested, and the user can experience, watch and
learn at any time and area suitable by actual needs. (7) The
system integrates the fun and interactivity in the
experience process, and brings the experience with visual
shock and surprise.
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