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Abstract. In the era of intelligent information, characterized by rapid advance-
ments in electronic technology and the Internet, high-tech landscapes have
emerged and fostered an increase in the demand for intelligent roaming systems
in urban park landscapes. Based on the conventional image and video presenta-
tion of the urban park landscape, it appears to be less interactive and superficial.
Therefore, this research incorporates virtual reality technology into the park's
roaming system, thereby challenging the conventional method of landscape
tour. Moreover, this paper proposes "virtual interaction + landscape roaming" as
a design strategy. Using the TOF LIDAR principle to measure the 3D data of
the original site, combining with computer mapping software to establish the
virtual landscape environment, and using the design process of the virtual land-
scape environment to verify the feasibility of the application of virtual reality
technology in the park landscape roaming system, in order to better realise the
combination of virtual reality technology and urban landscape.
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1 INTRODUCTION

The concept of Virtual Reality (VR) technology has been around since the 1960s and
is a combination of sensing devices that build a virtual world for the user to perceive
in real time, ideally achieving a multi-sensory virtual environment that is very similar
to the real world.l'! The results of the survey show that virtual reality technology is
already used in the military, education, medicine, industry, tourism and other fields
and has a strong applicability. For the creation of roaming scenarios in urban park
landscapes, virtual reality technology provides a new avenue of growth. It provides
the park's landscape a new sense of experience that distinguishes it from its previous
state. The urban park landscape is a thematic, functional, ornamental, and cultural
urban public space for both city residents and visitors. It is not only a place where
inhabitants can enjoy recreation and amusement, but also an essential location for the
propagation of urban culture. As a significant form of urban landscape and urban
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tourism system, parks combined with virtual reality technology to create a landscape
roaming system are garnering the public's attention due to their unique benefits.

2 Virtual Reality Technology

2.1  Virtual Reality Technology Concept

Virtual reality technology is an ostensibly realistic simulation environment created by
computer and electronic technology that enables the user to perceive the virtual world
as a simulation of the real world through a variety of sensing devices and a variety of
senses.ZIt provides users with intuitive and natural real-time perceptions of sight,
hearing, and touch. It employs realistic abilities to interact with objects in the virtual
world.!As shown in Figure 1, the typical characteristics of virtual reality technology
are summarised as Immersion, Interaction and Imagination.

Imagination

Fig. 1. Core features of virtual reality technology.

Immersion is the degree of real sensory immersion of the user in virtual world ob-
jects and virtual activities in a virtual scene. Interaction is the natural feedback that
the user receives when manipulating the interface and in the virtual scene. Imagina-
tion is the user's conceptualisation of the virtual scenario simulation experience.™

Virtual reality is enabled by four primary technologies. One is non-contact visual
modeling technology, which acquires 3D data based on the actual environment. An-
other is dynamic environment modeling technology, which acquires 3D data based on
the actual environment. Second is the real-time generation of three-dimensional
graphics, which must increase the refresh rate of images without sacrificing the quali-
ty of graphics or the complexity of the virtual environment. Third is the stereo display
and sensing technology, which enables virtual perception through the use of specta-
cles, headgear, and other stereo display and sensing equipment. Through data conver-
sion technology, voice recognition, and other devices, system integration technology
enables user interaction with a virtual scene.!!

2.2 TOF Lidar Principle

Lidar is an instrument that enables non-contact distance measurement and multi-
dimensional scanning by measuring the transmitted pulsed laser beam against the
reflected pulsed beam received by the sensor. TOF is a type of LIDAR technology,
which is an optical distance measurement method using the time of flight of light and
consists mainly of a transmitter, a receiver and a high-precision timer. The laser
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transmitter emits a modulated laser beam, which reaches the surface of the observer
and is reflected back to the receiver. [IThe schematic diagram of the TOF LIDAR is
shown in Figure 2. An internal timer records the time from the transmitter to the re-
ceiver to the object, and the time difference between the two times is the optical time
of flight. The time from the transmitter to the object is called t;, the time from the
object to the receiver is called t, the speed of light is ¢, the distance to the observer is
d, the speed of light is a known term, and Equation (1) is applied to calculate the dis-
tance to the observer.

d=c* (to-t;) (1)

End
Receiver | <&

Fig. 2. TOF LIDAR schematic diagram.

Equation (1). Distance calculation.

Object

3 The Application of Virtual Reality Technology in City Park
Landscape Tour

The combination of virtual reality technology and urban park landscape design signif-
icantly enhances the convenience of park excursions and provides residents and visi-
tors with a unique theme space. It breaks the phenomenon of traditional park land-
scapes with singular performance and low technological content, which is conducive
to promoting the transformation and upgrading of urban parks as well as satisfying
residents' and visitors' sense of scene experience and interaction.”'Virtual park land-
scape tour system, particular performance in the following areas:

3.1  Realistic Reproduction of the Park Landscape

Using virtual reality technology to create a photorealistic recreation of a park's land-
scape is an updated recreation of the real world environment. During the design
phase, designers not only have access to an abundance of resources, but they can also
perceive the design site's spatial qualities in real time. In addition, it can intuitively
forecast the viability of a site's reproduction in the real world, enhance the accuracy of
the site's landscape elements, and save time and money on scene production. Through
the actual acquisition of three-dimensional data utilizing dynamic modeling technolo-
gy, a real model is created, and its material and texture mapping are assigned. Then, it
is coupled with various lighting effects for dynamic rendering and combined with
multimedia interaction and other computer technologies to produce three-
dimensional, interactive, and realistic virtual scenes. This technology is already uti-
lized in virtual visits and museums. You can appreciate the scenery and visit historical
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relics regardless of when and where you visit, and you can genuinely experience the
dynamic scene.[®]

3.2  Roaming Paths for Virtual Scenes

Using virtual reality technology to create virtual scenes of the park landscape, the
designer conceptualises the site and creates a complete virtual world based on popular
demand and subjective awareness. The design of park scene themes can be diverse,
such as cultural themes, forest themes, marine themes and various fantasy themes, etc.
It cannot be limited to traditional themes, and designers can be creative in the virtual
world in a flowing manner. Users can dominate the time of the virtual world through
virtual reality equipment, and can switch spatial scenes at will to deepen the immer-
sion of users experiencing the virtual environment.

3.3  Virtual Roaming Interaction

Users can navigate the virtual environment in roughly three methods. The first is that
the designer plots the optimal roaming path in advance and the virtual scene automat-
ically navigates to provide the best view of the human body. This is a passive method
for the user, who cannot interact with the virtual environment.”! The second is for the
user to determine their own path for roaming. The users freely navigate the virtual
environments and subjectively interact with the virtual environments. The third is the
interactive roaming path of real-time user-manipulated virtual instruments. Enhancing
the experience and immersion, the user can interact with the 3D objects in the virtual
scene.

4 Virtual Park Landscape Intelligent Roaming Design Process

4.1 Framework for an urban park landscape effect simulation system based
on virtual reality technology

As shown in Table 1, the collection equipment, which provides information collection
technology, collects site data and transmits it to the computer for effect simulation.['?!
The master control device is the computer technology used to generate the 3D land-
scape environment in accordance with the data. The output device is the use of com-
puter technology to generate animations to simulate the effects of the site. Display
equipment i.e. transform the presentation of virtual scenes and experience virtual
scene roaming.
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Table 1. Landscape Effects Simulation System Framework.

Technology & Equipment Data
. Site data on topography,
Collect . .
© .ec on Lidar, Sensors, GIS, etc. climate and temperature,
equipment . g
vegetation, buildings, etc.
Mai trol Fl lanning, 3D model
aln' contro Computer, CAD, SketchUp, Lumion Oo,r p anmng, m.o ¢
equipment building and rendering
Output de-
" p e Computer, Lumion animation Virtual animation scenes
vices
. St displ tems, st head- . .
Display creo cispiay sysiemms, siereo Aed Virtual scene roaming expe-
. phones, stereo glasses, head-mounted .
equipment . rience
displays, etc.

The ideal effect of virtual scenes in urban parks is to make it impossible for users
to distinguish the difference between virtual and real, however, the experimental re-
sults show that it is not yet possible to achieve 100% of the same effect, and the per-
formance of the computer system also affects the establishment of virtual landscape
planning, as shown in Table 2, which is the computer hardware and software used in
this experiment.

Table 2. Computer experiment parameters.

Experimental platform Parameters
CPU Intel 15-13400F
Hardware GPU RTX 3060Ti-8G
platforms RAM 32GB
Hard Disk 1T
2D software AutoCAD
Software 3D software 3DMAX. SketchUp
platforms - -
Virtual software Lumion

4.2 Virtual scenography process

Mapping of site dimensions in terms of length and width using LiDAR technology.
Accurate measurement of the site in the use of AutoCAD to draw the site plan, and
then transferred to the modeling software such as 3DMAX, SketchUp to build the
model. Finally, render it with Lumion or make a roaming video and use VR equip-
ment to roam the virtual environment. (As in Figure 3)

Paste material J

[Measure the actual size H CAD production plane ]—)[ H
[ VR rendering ](—[ Render animations H Material adjustments H Lumion rendering }

Fig. 3. Landscape roaming design process.

SketchUp modeling
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Regardless of the virtual approach chosen, the first step is to create a model of the
virtual environment using three-dimensional modeling software.l''!/A combination of
AutoCAD and SketchUp modeling and Lumion rendering is utilized as an example in
this paper. The first step was to measure the site in 3D, resulting in a length of
179,760m and a width of 55,911m, which was converted into AutoCAD to design the
theme park zoning and plan the location of the buildings, roads and infrastructure
within the park. (As in Figure 4) The second stage is to import the planned planar
lines into SketchUp in order to press and drag the ground, sky, major structures,
roadways, etc. in order to transform them into 3D objects. (As in Figure 5) The sur-
face modeling is based on topographic maps and satellite images in order to accurate-
ly represent terrain, sea area, etc.'2!On the interior surface of the sky model, hemi-
spherical or cylindrical surfaces are combined with hemispherical models. It employs
texture mapping to generate all-weather sky backgrounds to prevent roaming that
cannot be interacted with in real time due to a fixed perspective, which diminishes
realism.[31The primary structure is modeled using accurate measurements of the actu-
al structure. The dimensions of the road model should match those of the genuine
site.'Additionally, animated characters and other objects should be incorporated to
the virtual environment. Unlike inert effects, the virtual environment's characters have
the human autonomy to walk, halt, observe objects, and engage in other physical ac-
tivities. Therefore, it is necessary to use a model of 3D characters with other moving

creatures.
179760

55911
55911

179760 I

Fig. 4. CAD floor plan.

Fig. 5. SketchUp modeling diagram.
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Upon completion of the preliminary scene modeling process, the next stage is to
apply materials to the models of roads, plants, terrain, water bodies, structures,
squares, and vignettes to enhance their realism. The Lumion software is a 3D visuali-
zation utility that works in real time.l'3It is able to render high-quality images and
utilize Lumion software for further image processing. The ability to exchange the
mapping and materials of a model in real time drastically reduces production time. It
makes precise modifications to the texture shading, gloss, reflectivity, and parameters
of wood, stone, metal, and other materials until the parameters are accurately estab-
lished. In conjunction with illumination and the inclusion of ambient light and sun-
light, it concludes the creation of the virtual animation scene. (As in Figure 6) Using
the animation mode for recording, utilizing the arrow keys to control the shooting
position, selecting the camera angle and position for the creation of the animation
path, the preview is accurate after the generation of the virtual roaming path, and a
series of steps are repeated until the most realistic feeling of the virtual scene is
achieved.

Fig. 6. Rendering effect.

The virtual environment synthesised by computer technology is a complete interac-
tive platform for the user to roam through virtual scenes. With the completed virtual
scenes and the use of VR equipment, users can independently experience the land-
scape theme features and cultural attributes in the virtual scenes, as well as the park's
entertainment projects and amusement facilities. All objects in the virtual scene can
be interacted with by users. For instance, it can readily swap between day and night,
sunny and rainy, sunny and snowy, windy and calm, and so on. Currently commonly
used VR devices mainly have headset products, handles and other conventional prod-
ucts to interact with. In the future, smarter sensing devices such as eye tracking, voice
recognition and head motion tracking will emerge, and these technologies will make it
easier for users to interact with virtual reality.
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5 Conclusion

The virtual environment created through the use of modeling and visualization tech-
nologies has a high degree of similarity to the actual environment, and its realism
exceeds 95%, making it highly applicable to the simulation of the landscape. There-
fore, the use of VR equipment in urban park landscapes is not only a common appli-
cation of VR equipment, but also the development of urban parks themselves. This is
now prevalent. The incorporation of virtual reality technology provides a new experi-
ence for urban park strolling and an update to the extant park scene. It offers users a
virtual environment that is real-time, authentic, and engaging, thereby enhancing the
user experience. It enables users to completely release themselves and immerse them-
selves in the virtual environment's ambiance. However, there are still shortcomings in
the research on virtual reality technology in this paper, such as the accuracy of the
virtual environment, the naturalness of user interaction and the real time display is-
sues without degrading the image quality. Based on this, the combination of virtual
reality technology and a city park is not only an innovation of the park scene, but also
a prediction regarding the application of virtual reality technology to other disciplines
in order to perpetually improve virtual reality technology.
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