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Abstract: At present, there is a growing focus on the landscape and environment of ocean cities,
with an increasing demand for improved ecological sustainability and aesthetic appeal. With the
emergence of computer vision design technologies such as 3D and VR, people have overcome the
limitations of traditional paper-based design materials. Through the use of computer software,
various forms of expression, such as drawings and animations, can be produced, thereby meeting
the diverse demands for showcasing plant landscapes. The purpose of this paper is to study the
design of marine urban (MU) botanical landscapes based on computer vision technology (CVT)
and multimodal interaction design (MID) theory, so that the design of MU botanical landscape
can meet people’s psychological behavior and visual needs, and at the same time enable people to
participate in and experience the landscape, so as to better meet people’s needs for viewing, leisure,
and entertainment. At the same time, it is hoped that the research of this paper will play a role in
promoting the innovation and development of the concept of MU landscape design (LD) in the future,
specifically from two levels of theoretical and practical significance. First, at the level of theoretical
research: Based on the theory of MID, this paper explores the application of communication and
interaction among humans and between humans and the landscape in the design of MU planting,
and tries to explore and summarize the content and methods of interactive LD in marine cities with a
theoretical basis and research value. The goal is to both enhance the theoretical level of interactive
LD, and also provide new reference for future marine city (MC) LD. Second, at the level of practical
application: In the field of LD, the new concept of computer vision is introduced to fully understand
the visual needs of people and increase the practicality and pleasantness of the MU landscape, hoping
to attract more people to come to play and rest. Through the attraction of MU landscapes to tourists,
the design and construction of the landscape no longer focus on its appearance, but rather on the
participation and experience of people.

Keywords: marine city; plant landscape; computer vision technology; multimodal interaction;
five-view plant system

1. Introduction

Botanical landscaping is the only way to create a beautiful visual effect of nature’s
plants, whether in single or group form, so that people can experience the beauty of this
effect from the inside out. Plantscaping includes not only the naturally formed plantscape,
but also artificial pruning and landscaping to create the perfect plantscape. At present,
many gardening companies benefit from the VR industry and have realized its applica-
tion. Australian architect Beau B. Beza’s team used interactive experience technology to
capture and represent the famous botanical landscape of Geelong’s eastern coastal reserve
in Australia. At present, most of the research and applications of multi-modal interactive
technology in landscape architecture focus on planning and design, and less attention is
paid to garden plant landscaping. At the same time, the existing research also lacks the
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distinction and summary of applying modal interaction technology to landscape architec-
ture. In terms of practical application, it is mainly used to display and communicate the
scheme, analyze the design process, teach garden plant landscaping, etc. The use of aspects
is also rare.

Many scholars in China have started to discuss what kind of marine urban (MU)
landscape environment is the most ideal environment for recreation and play. In the
process of MU planting design, the direction of research has shifted to the analysis of
low-carbon and ecological landscape environment design, but they are still inseparable
from human participation. In China, there are a large number of relevant theoretical studies
on interaction design, marine cities, and planted landscape design (LD), but relatively few
research institutions and researchers are engaged in multimodal interactive LD research [1].
With the increasing demand for tourism, MU landscaping as an important part of urban
planning has become the highlight of urban landscaping, and people’s love for marine
nature makes people more inclined to approach marine landscapes. People pay increased
attention to the needs of tourists in the construction of marine cities, and they pay attention
to the enjoyment and experience of environmental recreation. However, most of the
current research on the design of MU planting focuses more on the form and visual impact,
while ignoring the communication and interaction among people and between people and
scenery [2,3]. Therefore, it is necessary to analyze its importance to plant LD from the
perspective of interactive design.

Based on plant design, this paper points out the necessity of plant LD in marine cities
by describing the research background of plant LD in marine cities. A design analysis
of the four functional areas of a marine city is then carried out with a case study of the
coastal plants in Sanya Bay, China. Finally, the design interaction effect of computer vision
technology and the multimodal interactive design on the plant landscape of the marine
city is analyzed through interviewees’ evaluation of the multimodal interactive design
effect based on computer vision technology. We discuss the multi-modal interactive de-
sign of marine city plant landscaping through analysis and research on the relationship
between interactive design and maritime city plant landscaping. Integrating the concept of
multi-modal interaction into plant landscaping maximizes the role of plants in improving
the environment to further the sustainable development of ocean cities. The resulting
innovative value is mainly reflected in the expansion of design performance tools and
display methods, the incremental innovation of traditional thinking methods, and the di-
versification of landscaping effects. Through the interactive design concept combined with
the current situation of local plant landscaping in Sanya City, the corresponding scientific
improvement methods and optimization methods are proposed to create a beautiful marine
city plant artistic image and local style characteristics, which have particular theoretical
research significance and practical value.

2. Basic Overview
2.1. Concept Introduction

(1) Features of MU plant LD

Coordination: Plant LD should consider the cooperation among individual plants and
between individuals and the whole, so that the landscape reflects mutual integration and
comfortable and pleasant aesthetics. Determining the similarities and similar characteristics
among plants so that the plants match will make people feel coordinated. On the contrary,
the contrast effect can be reflected by differences between plants, so that the whole space
has contrast, giving people a feeling of excitement and stimulation. This technique is often
used in plant landscaping to highlight the theme of a certain area or to draw people’s
attention to something [4].

Recreation: Recreation includes play and rest, and the design of MU planting should
not only meet the playful nature of visitors, but also provide resting places. Recreational ac-
tivities need to be realized with the help of a certain external environment, the same activity
subject in a different external environment, and different recreational experiences [5].
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Ornamental: Ornamental MU plants are plant species with a landscape ornamental
function as the main feature and ecological benefits as a supplement. The ornamental
nature of MU plants is mainly reflected in the rich colors, different forms, and distinct
textures of plants.

(2) CVT

Computer vision technology includes the fields of image recognition, target detection,
vision-based simultaneous localization and map building, depth estimation, etc. It is an
emerging technology that involves many disciplines, is comprehensive, and has broad
application prospects [6].

The binocular depth estimation algorithm captures binocular images after polar align-
ment correction using a stereo matching algorithm to calculate a reference image. The most
commonly used conventional algorithm for binocular vision is the SGBM algorithm (semi-
global block matching) known as the semi-global algorithm. The SGBM algorithm first
preprocesses the image using the Sobal operator and afterwards calculates the matching
cost. The matching cost consists of two parts: the first part is to calculate the BT (Birchfield
Tomasi) cost for the preprocessed image and the second part is to calculate the BT cost for
the original. The BT cost is developed on the basis of the AD (absolute differences) cost.
The AD cost is the absolute value of the pixel gray value difference, and the AD surrogate
value of the pixel IR(x, y) in the left pixel and the pixel with parallaxd in the right image is:

e(x, y, d) = |IR(x, y)− IT(x + d, y)| (1)

The BT cost is similar to the AD cost; the difference is that the BT cost uses the grayscale
information of sub-pixels to reduce the effect of noise. the formula of BT cost is shown in
Equations (2) and (3), where, represent the pixel intensity functions of the left and right
cameras, respectively; xi and yi are the two pixels in the left- and right-eye images for
which the dissimilarity is to be calculated; IL represents the linear interpolation of the left
pixel function and IR represents the linear interpolation of the right pixel function. The
calculation result of Equation (2) represents the dissimilarity between pixel xi and the pixel
in the region near yi, and the dissimilarity between the final pixels is determined by this
value and the minimum value of the dissimilarity with its symmetry:

d(xi, yi, IL, IR) = min
yi− 1

2≤y≤yi+
1
2

∣∣∣∣IL(xi)−
∧
IR(y)

∣∣∣∣ (2)

d(xi, yi) = min
{

d(xi, yi, IL, IR, d(yi, xi, IR, IL)
}

(3)

(3) Multimodal interaction

People’s feelings about a landscape are multifaceted, and in the process of experi-
encing and participating in LD, the landscape stimulates different human senses. In MU
interactive LD, human senses are stimulated by different degrees of interactive landscapes,
triggering associative effects and prompting a good landscape experience [7]. The MU
plant landscape multimodal interactive design concept mainly includes visual, auditory,
olfactory, and tactile interaction, while gustatory interaction, although not the main marine
correctional plant LD interaction concept, also contributes to multimodal interaction, as
shown in Figure 1.

Visual interaction: People feel differences in color, shape, distance, and movement of
things through visual perception, which has an impact on their thinking and psychological
feelings. In MC interactive LD, visual interaction is used as the main means to attract people
to participate in interaction. A clever shape design can mobilize the active participation
of visitors. The use of different colors also stimulates people’s vision and brings different
feelings to their psychology. The use of colors with higher brightness stimulates the visual
senses and generates visual interaction [8].
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Auditory interaction: In the interactive LD of marine cities, auditory senses play a
large role. Sounds of nature, such as the sound of waves, the chirping of birds, and the
sound of wind blowing leaves in the MC, increase the vitality of the MC while visitors can
experience physical and psychological relaxation. The sound of various landscape facilities
and modern art media as well as people’s conversations stimulates people’s auditory senses
and causes different emotional behaviors [9].

Olfactory interaction: Smell is mainly transmitted through scent, and a good smell can
elicit a pleasant feeling. In marine cities, the elements that can convey scents are soil, flowers,
trees, etc., and artificially added scents. In MC interactive LD, scent is used to influence
the viewers’ perceptions and then expand the scope of the interaction between humans
and the landscape. Scent can be used to induce people to interact with the landscape; for
example, the fragrance of flowers can induce people to come closer to smell them. However,
the transmission of smell has certain limitations; generally, the perceptible distance does
not exceed 3 m. Based on the different characteristics of each person’s sense of smell, the
principle of moderation should be employed during the design [10].

Tactile interaction: touch is the feeling produced by skin receptors in contact with
mechanical stimuli, which is one of the most real feelings of human contact with things. In
the interactive LD of marine cities, facilities of different materials and plants of different
textures are set up to let people get close to the landscape through touch.

2.2. Literature Review at Home and Abroad

In October 2018, the Chinese State Council emphasized its commitment to further
promoting the development of China’s new generation of artificial intelligence (AI). As
a result, many high-tech companies are gradually entering the AI industry. The rapid
development of digital media technology in the context of smart city construction has
promoted urban information exchange, enhanced connectivity, and promoted intelligent
design and innovation. This development is moving towards system coordination and
resource consolidation [11]. Technologies such as the Internet of Things, cloud computing,
big data, and mobile Internet have enabled different functional structures in cities to coor-
dinate with each other, resulting in intelligent, digital, and intensive urban management
and operations. These advancements have provided people with more convenient services.
Interactive landscapes embody the characteristics of intelligent cities, specifically the intelli-
gent provision of services and interactive experiences. This facilitates collaborative and
innovative development between the landscape and the intelligence of the city, as well as
the provision of intelligent urban services [12]. The application of interactive technology in
landscape design strengthens the connection between the landscape and people, space, and
city. The use of digital media technology enhances the effect of the landscape and satisfies
diverse needs of people.

The term “human–computer interaction” was first proposed in 1975, and its concept
was popularized by the book The Psychology of Human-Computer Interaction by Card in
1983. The term “interaction design” was first proposed in 1984 by Bill Moggridge, one of
the founders of IDEO [13]. Since then, scholars around the world have started to research
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and pay attention to this field. In 1997, Hiroshi Ishii and Brygg Ullmer from the MIT Media
Lab proposed the concept of Tangible Bits, which involves coupling bits with everyday
physical objects to allow users to directly grasp and manipulate them [14]. In 2013, Israeli
scholars Oren Zuckerman and Avelet Gal-Oz concluded that due to the rich physical
feedback information and more advanced forms of interaction brought by TUI (tangible
user interfaces), it is recommended to promote the use of TUI-based interaction methods
for human–computer information interaction [15]. Since then, many landscape architects,
artists, and architects involved in human–computer interaction have been engaged in
scientific research and design practices in this field, and research on interactive design of
landscapes has followed.

Alan Cooper mentioned in his book The Road to Interactivity Design-Bring High-Tech
Products Back to Humanity that combining scientific technology and digital media content
with landscape design can provide people with a fresher experience [16]. In addition, Alan
Cooper proposed in his book Software Concept Revolution: The Essence of Interaction
Design that the core of interactive landscape design should focus on the relationship
between people and the landscape [17]. His research emphasizes the leading role of people
in landscape and interaction processes, which has become a core issue in later research.

Integrating the concept of “interaction design” into landscape design, using modern
science, theory, and materials, and integrating new technological methods and artistic
forms, can create landscapes that are in line with the characteristics of the site and meet
usage needs. By involving people as components in landscape design, communication
and interaction between people and the landscape can be achieved [18]. This facilitates the
concentration of functions, the sharing of information, the integration of resources, and
the participation of human intelligence. As part of urban construction, the research and
development of interactive landscapes should constantly reshape the relationship between
people and the world, provide new methods for addressing the shortcomings of traditional
landscapes, and offer new pathways for fully integrating landscapes into urban systems.
Applying the concept of intelligent design, interactive landscapes should continue to be
developed with deeper research and broader applications.

2.3. The Necessity of Combining the Characteristics of MC Plant LD, CVT, and Multimodal
Interactive Design

By analyzing the concepts of MU LD features, computer vision and multimodal
interactive design, we find that there are similarities between these three.

Through the design of interactive landscapes in marine cities, landscapes and people
can establish an organic connection, so as to effectively achieve the objectives of use and
promote understanding and communication between people. To achieve this, however, it
is important to follow the usability goals of interactive landscapes as well as the goals of
good participant experience [19].

At this stage, marine cities are becoming more and more important in people’s daily
lives, and the main purpose of MC plant LD is to provide tourists with places to visit and
rest, so that the process of their experience can enrich their sensory experience and give
them great satisfaction in both physiological and psychological aspects [20].

The two goals of usability of plant LD and good participant experience together
serve the interactive LD of marine cities. The usability goal focuses more on the landscape
product itself, while the participant experience goal considers the ideas and needs of people,
and the two together promote the application and development of interactive LD in marine
cities [21].

This paper selects computer vision software suitable for plant landscaping in ocean
cities and proposes a general process for applying intelligent interactive technology to plant
landscaping in ocean cities. This provides a certain supplement and improvement to the
theoretical research in related fields and provides reference for the practice of multimodal
interactive design of plant landscaping in ocean cities in the information age. Thus, it
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promotes the application of multimodal interactive technology in the landscape architecture
industry. Practically, more research on the integration of the three has to be conducted:

(1) Beneficial for designers to refine their design proposals. Through the use of 3D
and virtual reality (VR) interactive technology, designers can observe their design
proposals in multidimensional virtual environments. This benefits them in conducting
further analysis, deduction, and refinement of their design works, enabling them to
promptly identify issues and reduce design flaws.

(2) Beneficial for presenting design proposals. Multimodal interactive technology has
brought about a revolution in the field of landscape design representation. Viewers
can not only intuitively experience the effects of the scene after construction, but also
obtain more information from the scene through human–computer interaction, achiev-
ing information interaction. Moreover, virtual reality (VR) interactive technology
supports demonstrations on both computers and mobile devices, greatly expanding
the channels for presenting and communicating design proposals.

(3) Beneficial for communication between designers and decision makers. Through the
use of computer VR multimodal interactive technology, property owners can view
design proposals from multiple angles in virtual scenes according to their preferences,
experience the site environment firsthand, and intuitively understand the designer’s
design intentions. This is something that cannot be achieved with renderings, sand
table models, or animations. After fully understanding the design intentions, property
owners can communicate and negotiate more effectively with designers, and their
opinions are also more targeted.

With the coming of the 5G era, intelligent design will further integrate and develop
with global research and development, manufacturing, module, and other resources, en-
abling maximum information sharing and communication among all parts of the city. It
will continue to evolve towards a more information-based, digitalized, and intelligent
system. The most essential attributes of the landscape in ocean cities are interactivity and
publicness. Therefore, the development of interactive landscapes plays an important role
in the research and development of plant landscape design in ocean cities. Urban plant
landscape design guided by interactive concepts always incorporates interactive thinking
throughout the entire process, from conception to presentation. The rapid development
of technologies such as big data, the Internet of Things, cloud computing, and artificial
intelligence provides great possibilities for the realization of smart landscapes, promoting
the development of the “smart” concept. Future explorations of smart spaces based on
sustainable development principles will become an important trend in the development of
ocean urban landscapes [22].

2.4. MU LD Based on Multimodal Interaction

(1) Interactive water body LD

The water body LD of marine cities takes interactive design as the core, considers the
relationship between water body landscape and terrain, people, and roads, and coordi-
nates the relationship between them to achieve good communication and an interactive
experience between people and the water body landscape.

Relationship between the water landscape and the site: When designing the water
landscape of the ocean city, the topography, soil, climate, and water table of the ocean
city will be surveyed and investigated in the field to determine whether the location is
suitable for developing the waterscape and how to design the waterscape. Secondly, we
should focus on how the water feature is related to human recreational activities, and
combine human behavior and psychological needs to design a reasonable interactive water
landscape.

Relationship between water landscape and roads: There is also a close relationship
between water landscape and roads in urban parks. Roads are the main way for people to
enjoy waterscapes, as they connect all waterscapes in the city [23]. Based on the concept of
interactive design, people are guided to carry out hydrophilic activities through landscape
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facilities such as plank roads and Tingbu, so that visitors can have a relaxing and pleasant
experience in the ocean city.

Relationship between water landscape and people: It is human nature to be hy-
drophilic and to be close to water. Therefore, landscape planners should increase opportu-
nities for interaction between people and the water landscape, such as wading, playing in
water, being hydrophilic, and watching water. As shown in Figure 2, when people enter
the water to experience it, this is considered wading activity. When the distance between
people and water is 0 < s ≤ 2 m, it is playing in water activity. When the distance between
people and water is 2 < s ≤ 50 m, people are considered to be hydrophiliced, and if the
distance between people and water is >50 m, people are engaging in water-viewing activity.
These activities can make people have a variety of waterscape experiences and can narrow
the distance between people and the waterscape.
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(2) Interactive landscape facilities design

The concept of interactive design is introduced into the design of landscape facilities,
adhering to the principle of interactive participation, providing quantitative services for
someone visiting the marine landscape, and promoting a good interaction between people
and facilities [24].

First, the design of interactive landscape facilities should be human-centered. In the
design, designers should always consider the functional use by people, so that people’s
needs are satisfied through the landscape facilities. For example, guiding signs and adver-
tising boards of the ocean city guide visitors on tour routes and provide science education,
and ocean sunscreen chairs provide opportunities to rest.

Second, the design of interactive landscape facilities should be universal. Generic
designs should mainly consider disadvantaged groups, e.g., the mobility and hearing
impaired, pregnant women, or individuals with chronic diseases, among other groups of
people, and they should be concerned about taking care of their psychological emotions
and increasing their use of landscape facilities.

Next, the design of interactive landscape facilities should be easy to use. First, the
spatial scale should both meet the psychological and usage needs of people and be scientific
and reasonable. For example, seats or platforms for resting should be set up along longer
roads and at corners in marine cities to buffer the flow of people. Second, human scale
refers to the corresponding design for people of different ages; for example, there is a great
difference in height and ability between children and adults; therefore, the design cannot
consider only adults and ignore the use of landscape facilities by children.

(3) Interactive plant LD

The interactive design is introduced into the MC plant LD to meet the basic psycho-
logical needs of people at the core, to create a landscape space with a sense of hierarchy
and richness for visitors, and to increase the chances of visitors interacting with marine
plants and animals or other elements [25].

Plant LD should be pleasant. In the selection of plants, plants of different sizes are
planted according to the size of the activity site. For example, at a site where visitors are
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concentrated, large-sized trees should be planted, which can provide shade and shelter for
visitors and a good interactive environment.

3. Case Design of Coastal Plants in Sanya Bay, China
3.1. Assessment and Analysis of Marine Eco-Economic Zoning in Sanya Region
3.1.1. Analysis of Spatial Heterogeneity

As shown in Table 1 below. Considering the sub-indexes of the three subsystems in the
Sanya marine eco-economic system—namely, marine ecology, marine economy, and marine
society—an evaluation index system for marine eco-economic zoning was built and the
marine ecological economy of Sanya was evaluated via zoning using comprehensive factor
evaluation and analysis. Briefly, this process was divided into three steps. First, a zoning
evaluation index system was built. Second, the weight of each index was calculated and
determined by issuing questionnaires and scoring by experts. Third, rational values were
assigned to concrete indexes for each region according to the evaluation criteria. Finally,
the evaluation index was obtained via calculations and the zoning evaluation was made.

Table 1. Evaluation index system of marine ecological suitability.

Target Layer Criterion Layer First-Level
Indicators

Secondary
Indicators Element Layer Direction Required/

Not Required

Marine ecological
suitability

Suitability of
marine ecological

environment

Biological
environment

structure

Environmental
quality Eutrophication index Negative

indicator •

Natural shoreline
integrity

Natural shoreline
retention rate

Positive
indicators •

Marine disaster
risk distribution

Marine risk intensity
index

Negative
indicator #

Community
structure Biodiversity index Positive

indicators •

Biological
environment

function

Important
protection value

Ecological sensitive
areas and important

protected objects

Positive
indicators •

Landscape type Ecological
disturbance degree

Negative
indicator •

Production
supply

Net primary
productivity

Positive
indicators •

Suitability of
marine social
environment

Current situation
of space

utilization

Deepwater
shoreline
resources

Available deep-water
shoreline length

Negative
indicator •

Mudflat resources Available mudflat
area

Negative
indicator •

Landscape
cultural resources

Rating coefficient of
scenic spots

Negative
indicator #

Suitability of
marine economic

environment

Socio-economic
conditions

Marine economy Total output value of
marine industry

Negative
indicator •

Coastal
population Population density Negative

indicator •

Geographic
conditions

Accessibility of
important nodes

Negative
indicator •

•means that this option is a mandatory choice for the Evaluation index system of marine ecological suitability.
# means that this option is a non-mandatory option of the Evaluation index system of marine ecological suitability.

3.1.2. Data Source

The research data used in this study primarily included Google satellite images,
previous urban master plans for Sanya, other specialized plans, and social and economic
development plans. Amid studies on the urban form of Sanya City, our work mainly
referred to the compilation year of the latest version of Sanya’s urban master plan, and we
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processed data using three main reference pictures that depended on the data collection
time of the Google satellite map; that is, the status quo image from 2014 (Figure 3).
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3.2. Case Study of Coastal Plants in Sanya Bay—Anaya Community
3.2.1. Design Ideas

Major goals of design ideas are to adhere to the people-oriented concept, carry out
interactive landscape design of the ocean city, pay attention to how the landscape is
integrated into people’s life and environment, have landscape usability and good user
experience as the goal, and promote good communication and interaction among people
and between people and the environment. Based on the design goal of a multi-modal
interactive landscape of the ocean city, this design project carries out reasonable planning
and layout for the functional zoning, road system, water landscape, landscape facilities, and
plant configuration of the Sanya Bay Anaya community, providing people with different
functional requirements and bringing different viewing experiences, as shown in Figure 4.
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3.2.2. Functional Zoning Design Based on Tourists’ Needs

The word “Aranya” comes from the Sanskrit word “Aranjo”, which means “a quiet,
idle, remote, or secluded place for spiritual practice away from the hustle and bustle of
human activity” [26]. Aranya has also come to Sanya, advocating for an aestheticism that
believes “life can be more beautiful,” and arousing a great deal of curiosity among the
people living in the mountains and seas of Sanya about the aesthetics of life. Combined with
the development of the MC and the needs of tourists, based on the distribution of marine
natural resources, the MC is divided into four functional areas: the entrance landscape area,
the ornamental tour area, the water-friendly landscape area, and the quiet rest area.

(1) Entrance landscape area

As shown in Figure 5, The entrance landscape area is also the service management
area of the Sanya Anaya scenic spot. It is located in the axis of the scenic spot and connects
all functional zones, so that visitors can enter the scenic spot as soon as possible to carry
out their favorite activities in the area. This area also includes ecological parking lots,
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visitor service centers, and other landscape facilities to meet the physical and psychological
needs of visitors. The design of the entrance is such that by minimizing the entrance of
the scenic area, when visitors enter the scenic area, they are met with a large and open
space. This contrast reflects the image of “small entrance, large landscape”, giving visitors a
visual impact, with rich visual level changes to guide visitors to interact with the landscape.
Electronic guidance devices are also set up at the entrance, and VR panoramic photography
is carried out for the whole scenic area, so that visitors can scan it on their cell phones and
experience all the scenery of the scenic area, making it convenient for them to choose the
functional area they want to go to.
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(2) Viewing tour area

As shown in Figure 6, the Aranya in Sanya is full of tropical plants with a distinctive
Middle Eastern ‘flavor’. The architecturally designed buildings are reminiscent of Tuscan-
style estates, and the garden is filled with exotic cacti. Visitors entering the Ocean City
Scenic Area can immerse themselves in the ocean culture and the wonderful ocean scenery,
creating an immersive experience for visitors with multi-sensory means. By utilizing
plant landscape design, visitors’ attention can be focused on interacting with the scenery,
achieving mutual communication between people and plants. Different plants are in
varying growth states, resulting in different visual effects and leading to multimodal
visual expression.
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(3) Water-friendly landscape area

As shown in Figure 7, according to the topographic characteristics of the ocean city,
water-friendly landscape areas are set up in areas with large water surfaces, advocating the
“close to the ocean nature” way of touring to meet the needs of tourists. Visitors can reach
various spots through water stacks and circular walkways, which have good hydrophilicity
and experience, and guide visitors to interact with the water body landscape tactilely.
Specific strategies include, firstly, improving accessibility and enhancing the transportation
connection between coastal plants and water. The second strategy is to enhance visual
accessibility and minimize the obstruction to the water views by plants, as unobstructed
views are another important means of increasing the water-friendly environment. The third
strategy is to bring water ashore and introduce water into the interior of the waterfront
space for landscape shaping, achieving a coordinated and harmonious effect between the
interior and exterior spaces and greatly enhancing the waterfront space’s affinity with water.
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The fourth strategy is to enhance the psychological experience of being near the water.
When designing the plant layout, elements related to water, such as aquatic creatures, wave
shapes, boat shapes, and color elements, can be used in the surrounding landscape facilities
to enhance the psychological experience of visitors being near the water [26].
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(4) Quiet rest area

As shown in Figure 8, The quiet rest area is designed especially for visitors, to provide
people with quiet rest and interaction activities. This area includes the marine hotel
area and a camping area. The marine hotel provides a resting place for visitors, and the
beautiful scenery around the hotel stimulates visitors’ vision and offers a good viewing
experience. The camping area is on the open beach, providing visitors with space for
casual activities. They can freely contact the sea breeze, waves, and the surrounding
environment, and feel the good experience of contact between humans and nature, thus
creating a behavioral interaction.
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3.2.3. Five-View Plant System

When using plants to create an ocean resort landscape, it is essential to consider the
physical and psychological sensitivity of the experience [27]. By selecting and using differ-
ent plants through scientifically rigorous design, human experiences can be incorporated
to create a plant landscape that excels in the five senses of “sight, sound, smell, taste and
touch”. Only then can a maritime landscape space be created that combines aesthetic taste
with leisure and entertainment functions, as shown in Figure 9, which presents a statistical
summary of the five sensory modes of plants.
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• Visual effect

Plants with warm tones can create a sense of warmth and evoke positive emotions,
while plants with cool tones can help calm down individuals who are feeling restless
or anxious. When designing plant landscapes, a diverse selection of species should be
considered to meet various landscape preferences. As for plant variety, the crown, color,
season, and form of cultivation should be comprehensively considered to create a rich
visual effect.

• Auditory effect

In 1929, Finnish geographer Grano first proposed the concept of “Soundscape” to
research the audience-centered sound environment [28]. Different sounds bring completely
different feelings, so a design should try to isolate noise and make more use of natural
sounds to create a favorable auditory landscape. Natural sounds such as pine-soughing
valleys, fine rain in a bamboo forest, windy lotus in a winding courtyard, and rain drops
drumming rhythmically against banana leaves create classic auditory landscapes. A special
area can be designated as a meditation space in the ocean vacation area to plant a bamboo
forest. Visitors can relax and alleviate their anxiety while experiencing the rustling sound
of bamboo leaves swaying in the wind within the bamboo groves.
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• Smell effect

Using the fragrance emitted by plants or creating an atmosphere with their scent
can create a healthy and clean landscape environment with a therapeutic effect. There are
two types of plants: sterilizing, air purifying plants and external treatment functional plants.

• Gustatory effect

The taste effect is usually achieved by combining the landscape environment with
experiential activities. Small tourist orchards and agricultural parks can be built, where
various fruits and vegetables can attract the elderly to leisurely taste and enjoy the produce,
thereby adding a taste experience and relaxing their mood.

• Tactile effect

Among the five senses of sound, sight, smell, taste, and touch, touch is the most
difficult to grasp. It requires people to experience an area through touch in order to
stimulate their physiological responses and convey emotions. This effect often needs to be
achieved through plants with good texture.

In the plant landscaping of marine cities, the modal configuration of different sensory
systems produced by plants is summarized as follows, as shown in Figure 10.
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4. Evaluation of the Interactional Impact between CVT, MC Planting, and MID
4.1. Respondents’ Occupational Distribution

As shown in Table 2 below.The respondent population was divided into three parts:
working professionals, students studying landscape architecture, and non-landscape archi-
tecture professionals. As far as possible, a certain sample size was ensured for different
groups of people to better analyze and compare the views of different respondents and to
ensure more objective and accurate results.

Table 2. Distribution of Respondents.

Professionals Already Working Landscape Architecture
Students

Non-Landscape Gardening
Professionals

Number of people 20 50 30

Proportion 18% 55% 27%

4.2. Evaluation Analysis of the Effect of Computer Vision-Based MID

When evaluating the effectiveness of the design approach in this paper, the evaluation
degree was divided into “strongly disagree”, “disagree”, “not sure”, “agree“, and “strongly
agree”, with scores of 1, 2, 3, 4, and 5, respectively. This method was used to quantify and
analyze the respondents’ answers.

As shown in Table 3 and Figure 11, the respondents’ ratings for each item exceeded
4.00, indicating that the respondents were satisfied with the effectiveness of computer
vision-based MID. Among them, the respondents agreed more on “Computer vision-based
MID is interactive” and “Computer vision-based MID is ornamental”, with mean scores
of 4.73 and 4.74, respectively. The lowest score is “rich content of plant scenery”, with
an average score of 4.32. There are two main reasons for this: first, the current common
modeling software has a limited ability to restore the scene, and the realistic feeling of plant
models is not strong, which is the main reason for the low score; second, the accuracy of
the case scene modeling still needs to be improved.

Table 3. Respondents’ evaluation of the effectiveness of computer vision-based MID.

Professionals Already Working Landscape Architecture
Students

Non-Landscape Gardening
Professionals

High interactivity 4.78 4.67 4.74

Highly enjoyable 4.82 4.69 4.71

Rich plant scenery 4.26 4.33 4.38

Physical and mental pleasure 4.57 4.48 4.60
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Among the three groups of people interviewed, the scores given by landscape archi-
tecture students were generally low, probably because of the large number of students
interviewed and the large difference in their evaluation of the case presentation effect,
which was reflected in the fact that more respondents chose low scores, thus leading to a
decrease in the average score.

4.3. Attitudes toward the Expression of Computer Vision-Based Multimodal Interactive Design

As shown in Table 4 and Figure 12, the most attractive features of computer vision-
based multimodal interactive design for plantscapes are the richness of content (37%) and
the impact of viewing (42%), probably because working professionals pay more attention
to the role of CVT as an aid to their plant LD work, and it just so happens that the richness
of information and novelty of computer vision expressions are very suitable for them.
Therefore, they choose “richness of content” and “impactfulness of viewing” the most.

Table 4. Analysis of attraction points of MID expressions based on computer vision (%).

Professionals Already
Working

Landscape Architecture
Students

Non-Landscape Gardening
Professionals

Authenticity of the scene 12 30 28

Richness of content 37 12 9

Impactfulness of viewing 42 18 36

Interactivity of the experience 5 33 17

Nothing particularly impressive 4 7 10
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For landscape architecture students, their concerns were more dispersed, with slightly
more people choosing “realism of the scene” and “interactivity of the experience”, at
30% and 33%, respectively. Among the three categories, landscape architecture students
preferred “interactivity of experience” much more than the other two categories, probably
because the interactive points in the display case contain plant information, which is
helpful for students to understand and learn plant characteristics, so the interactivity in the
multimodal design display is more attractive to them.
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For non-landscape professionals, “impact of viewing” (36%) and “realism of the scene”
(28%) were the most attractive features of computer vision and multimodal interactive
design displays, i.e., 64% of non-landscape professionals were attracted to computer vision
displays. The reason for this is probably because non-professionals lack the appropriate
professional knowledge and rely more on visual images to understand the designer’s
intention, and are more interested in the outcome of the design than the rationality of the
design, so they are more impressed by the visual experience brought to them by computer
vision displays.

4.4. Interactivity throughout the Design Process

The multimodal interactive design of MU planting based on CVT can be divided into
three processes: pre-design, design process, and post-design [29]. As shown in Figure 13,
in the pre-design stage, extensive and detailed information collection is required, including
landscape general style cases, user research and analysis, and information collection on
the current situation of the plot. This process involves the first interactive design, which
strengthens the communication with tourists in the research process, and derives the general
or special needs of tourists from the psychological analysis of the researchers, indirectly
making tourists participate in the LD. In the middle of the design, with full consideration
of user experience and interaction, a detailed design of various parts of the landscape
such as plants, paving, landscape facilities, etc., increases the direct interaction between
visitors and the landscape, which is the second interaction process between landscape and
people. In the late design stage, in the property customer service department, through the
visitors’ information feedback on the landscape, the landscape will be modified for quality
improvement, which is the third interaction process. Therefore, the mutuality design of
the landscape in the study area should follow this principle, so that interactivity occurs
throughout the design process.
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4.5. Data Result Analysis

(1) Using willingness analysis

According to Figure 14, although people working or studying in the field of landscape
architecture have a general understanding of multimodal interaction technology, most of
them (87%) still prefer to use interactive technology for design when possible. This also
indirectly indicates the professionals’ liking and affirmation of VR multimodal interaction
expression methods. As shown in Figure 15, for non-professionals who are not familiar
with landscape design, most people (80%) are still willing to try interactive technology to
experience the plant landscape space in the ocean city.
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(2) Expectations for the future application of VR multimodal interaction technology

According to Figure 16, as many as 97% of the respondents expressed their expectations
for the future combination of multimodal interaction technology and the field of landscape
architecture, indicating that interactive technology is highly popular among different
groups of people.
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(3) Statistical Differences in Respondents’ Willingness

The basic formula of the χ2 test, according to the respondents, is χ2 = ∑(1 − α)2/α; the
χ2 value reflects the degree of agreement between the actual frequency and the theoretical
frequency. If H0 holds, the difference between 1 and α should not be huge; the χ2 statistic
should not be extensive. The more significant the difference between 1 and α, the larger the
χ2 value and the smaller the corresponding p value. According to the p value obtained by
the significance test method, generally, p < 0.05 is considered to have a statistical difference,
p < 0.01 is deemed to have a significant statistical difference, and p < 0.001 is regarded as
a highly significant statistical difference. These values mean that the probability of the
difference between samples being caused by sampling error is less than 0.05, 0.01, and
0.001, respectively [30]. According to the specific analysis of the chart, it is concluded that,
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as shown in Table 5, there is the most significant statistical difference in the statistics of non-
landscape professional groups. The reasons are that the groups have different occupations
and considerable age differences, and are influenced by their living environment. Secondly,
students majoring in landscape architecture have apparent differences in applying technical
means due to other individual concepts. Finally, there are working groups in this profession
to develop more and better design methods, and there is a slight difference in willingness.

Table 5. Statistical differences in respondents’ willingness.

Target Statistics p Value
Professionals

Already
Working

Landscape
Architecture

Students

Non-Landscape
Gardening

Professionals

Acceptance of
interaction

concept

p ≤ 0.001 •
p ≤ 0.01 •
p ≤ 0.05 •

Diagram
schematic
analysis
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5. Discussion
5.1. Comparison of Relevant Literature Results

A Literature Research Results

There are few studies abroad on the multi-modal interaction and landscaping of garden
plants, and most are biased towards the protection, utilization, and ecological research
of wild plants. The book Landscape Plant Configuration by British scholar Brian Clouston
discussed the design of trees, shrubs, ground cover plants, herbaceous plants, aquatic plants,
and forest planting from the perspective of ecology and aesthetics [31]. The maintenance
and management of gardens combines garden design, construction, and maintenance
management, and puts forward the viewpoint of a four-dimensional management scale,
systematically organized in the book About Face: The Essentials of Interaction Design by
American scholar Alan Cooper [32]. Regarding some design concepts of digital product
interaction design, a more detailed introduction to the application of computer vision
technology, and elaboration on plant landscape design, plant planting and maintenance,
especially the close relationship between landscape and environment, is provided [33]. The
scientific and artistic importance of design has been analyzed in detail; the discussion on
the functions of plant materials and planting design in the book Elements of Landscape
Architecture Design written by American scholar Norman K. Booth in 1983 has become the
basis of plant landscape construction, especially in the classic basic theory of plant space
construction [34].

The research and attention on multi-modal interaction design technology in landscape
architecture are gradually increasing. Zeng Junfeng and Qiu Cuiju discussed the application
of interactive technology in garden design earlier in the Chinese Garden magazine. Li
Guosong et al. used the Analytic Hierarchy Process (AHP) to evaluate the interactive
realization method of plant construction under the five sensory modes [35]. Thus, the sense
of touch is the best way to realize the interactive form of landscape garden plants. In terms
of theoretical research, there are mainly the following essential papers: “Interactive Design
and Visualization of 3D Plant Models”, “Interactive Plant Modeling System”, and “Forward
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Interaction: From Voice, Gesture Design to Multi-modal Fusion”, “Chinese Garden Plant
Landscape Art” by Professor Zhu Junzhen, and “Garden Plant Landscape Design and
Construction” edited by Zhao Shiwei, etc. all have high academic value [36]. These studies
systematically summarize the development process, design principles, and theoretical basis
of multi-modal interaction, guiding people to explore new interactive experiences. They
also analyze the characteristics and limitations of each modality and outline the design
model of multi-modal interaction, from voice and gesture design to multi-mode fusion,
building a graphical voice interface fusion model with growth capabilities. Although
corresponding progress has been made in theory, many problems remain. In theoretical
research, there is no systematic theory to guide practice: the practice is too limited and
stays in the local environment, and the city as a whole is not considered uniformly.

B Research results of this article

This paper integrates design cases with interactive technologies, highlighting the
immersive, interactive, and imaginative advantages of multimodal interaction design
in plant landscaping through the exchange of people’s “five senses”(Table 6). This is
significantly different from the traditional focus on plant adaptability and environmental
protection in landscape planting.

Table 6. The embodiment of multimodal interaction characteristics in plant landscape design of
marine cities.

Characteristic Basic Content Embodiment in Plant Landscaping of Marine Cities
Based on Multimodal Interaction

Immersive Multi-dimensional perception: observe the
scene personally

Assisting in scheme deliberation and feeling plant
landscape artistic conception: increasing the dimension of

space exploration between designers and the public

Interactivity Manipulate virtual reality scene: interact
with the scene

Changes and contrast schemes that are conducive to
designers’ feelings: save and verify the fleeting design

inspiration in time.

Conceptual Deepen concepts or sprout new ideas in the
observation and manipulation of objects Inspire the production of new design ideas or concepts

(1) Immersive scenario experience. Compared with traditional plant landscape cre-
ation, computer vision technology immerses people directly in a multimodal three-
dimensional space, achieving the effect of being on the scene in person [37]. The
immersive scenario provides a new visual and sensory experience for both profes-
sionals and the general public, adding to the dimension of the designer’s exploration
space. The information received by the brain in daily life is caused by multiple senses,
so it is impossible for people to have an immersive experience if it is just visual
immersion. With the aid of necessary computer vision and interactive devices, it is
possible to achieve sensory immersion beyond visual cues by incorporating auditory
and olfactory cues, allowing visitors to experience the ambiance of different botanical
landscapes. It adds a weather conversion function to the system to simulate natural
landscapes such as rain, snow, and fog. In cooperation with spatial audio technology,
the unique plant landscapes of the ocean city can be felt even while sitting at home.

(2) Unobstructed view space. In addition to the immersive visual experience, computer
visual interaction technology also provides people with the opportunity to view
space freely. Renowned British urban planner Gordon Cullen, in his book Cityscape,
mentions that understanding space is not only about looking at it but also about
moving through it [38]. With the help of computer vision and interactive technology,
users can simulate a coastal visit, observing the form and texture of plants up close. In
the past, designers typically used hand-drawn plans, perspectives, and even physical
models to aid in the exploration of plant landscape spatial structure design. However,
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the creation of landscape spatial sequences stems from the continuity of human
behavior, which reflects the “human-centered” design concept.

(3) Real-time feedback on modifications. The lack of computer precise positioning design
will lead to a lack of judgment on the on-the-spot environment, which leads to a
lack of aesthetics in plant landscaping, and even the inability of plant interspersed
design to interact with people [39]. Aided by computer vision, the plant scene is
designed to see effects at any time scale. This ensures that landscape designers can
make timely modifications and compare effects when design errors are discovered,
ultimately resulting in the most suitable plan. Since plants are different from buildings
that possess a vital nature, plants of the same species with different sizes can have an
important impact on the landscape space and the effectiveness of the landscape [40].
The advantage of setting and modifying scene elements in real time is that the inspi-
ration experienced by the designer during interactive editing is saved to ensure the
continuity of design thinking.

5.2. Research Innovation and Significance

The case design analysis above validates the credibility of previous research and the
results of multimodal interaction [41]. The use of multimodal interaction technology will
enable close integration of the relationship between plants in ocean cities and tourists,
resulting in that when people walk into the landscape, plants are not only the landscape
through which people travel; rather, they experience a new type of landscape. The multi-
modal interaction study of computer vision technology in plant landscaping in ocean cities
is not only of practical significance for the design of plant landscapes, but also has multi-
aspect research significance for future interaction research fields [42]. After using computer
visual interaction technology, plant landscape design reinforces the communication and
interaction among people, and between people and scenery, and its innovative value is
mainly reflected in three aspects: the expansion of design expression tools and display
methods, the gradual innovation of traditional thinking, and the realization of multiple
landscaping effects.

(1) Expand the design performance tools and display means. The visual interactive
technology craze has broken the shackles of two-dimensional expression, placing the
design process in a multi-dimensional computer scenario, with the application of new
technology signifying the intervention of new tools [43].

(2) Traditional ways of thinking are gradually reforming. Existing examples show that
the emergence of new software can not only break through the limitations of past
design expressions, but can also change design thinking, such as the introduction of
parametric software that has increased landscape plant design from perceptual art
creation to a combination of perceptual knowledge and logical thinking [44].

(3) Diversified landscape effects. The five senses of plant characteristics are brought
into the plant landscape design, which adds more design principles and sensory
experience to the original single-plant layout to achieve conservation and aesthetic
improvement of the plant environment in the ocean city.

5.3. Research Limitations and Future Research Routes

This case study attempts to integrate people’s multi-sensory experience with plant
design through the introduction of computer vision technology, achieving a visually mod-
ernized plant landscaping performance. The creative plant configuration method tailored
to different visitor experiences was explored through a questionnaire survey. However,
there are still some limitations to the research that need to be further strengthened in the
future.

(1) There is currently insufficient in-depth research on the literature of computer visual
interaction technology related to plant landscaping, which is still a field that scholars
should continue to explore more deeply.
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(2) Plant landscapes in different ocean cities may be influenced by climate and geo-
graphical location according to different regional characteristics, which will lead to
differences in plant matching designs according to different ocean cities.

(3) Since multimodal interactive plant design is mostly determined by people’s sensory
consciousness, this does not represent the most appropriate design method for the
whole case, and there are inevitable limitations based on the analysis of the results of
different people’s design experiences.

In light of the limitations of the above research, the effect presented by multi-modal
interactive technology is not enough to satisfy people. There is still a distinct difference
from the ideal state, which objectively hinders the combination with its landscape environ-
ment [45]. The emergence of tools is necessary to meet people’s needs. If the interactive
technology software cannot provide enough support for garden plant landscaping, it may
be as short-lived as the once-popular 3D TV and eventually disappear in the landscape
industry. Therefore, in the future, designers will play a more significant role in promoting
than programmers in the development process of the combination of the two. Design-
ers should explore and consider the application potential of multi-modal interaction and
provide more constructive suggestions for software development with their professional
sensitivity [46]. In the future, the VR virtual interaction software used in garden plant
landscaping should integrate scene modeling, design deliberation, and post-production
performance. The model does not need to be converted between various software. The
software should be intuitive and easy to operate, allowing designers to focus on the design
and express their thoughts and ideas through VR virtual interactive software without
hindrance [47].

6. Conclusions

A perfect plant landscape needs to meet the unified combination of scientific and
artistic principles, i.e., it should meet the survival habits of plants in the regional environ-
ment and the embodiment of the plants in terms of morphological appearance [48]. It is
necessary to start from the principle of artistic matching, to show the visual effect of plants
alone or combined with other plants, and most importantly, to make people appreciate a
wonderful sense of immersion. This paper introduces CVT and MID theory into the design
of MU planting, adding a new design tool to the construction of marine cities. The use of
computer vision technology brings three major characteristics to plant landscape design:
immersion, interactivity, and creativity, providing a multi-sensory, multi-environment,
and cross-temporal immersive experience based on the original two-dimensional plant
configuration design. Computer vision interaction technology has not only become a new
way to showcase urban plant landscape display solutions, but also a tool to assist designers
in thinking and inspiring new design ideas or concepts, ultimately improving the quality
of the design. By analyzing and discussing the various types of MU botanical landscapes, it
shows the artistic effect of CVT and MID in botanical landscapes. The study shows that as
a design worker, one should know how to analyze and solve the problems in the landscape
from the audience’s point of view, and be able to meet people’s needs for ornamental,
interactive, and botanical landscape content enrichment and physical and mental pleasure
of MU botanical landscapes, so as to better realize the communication between humans and
nature [49]. It is hoped that the research in this paper can add some constructive ideas and
strategies to the construction of marine cities in the future. Through this process, people
can live in a more perfect urban space, so that the art or technology of plant landscaping in
the whole MC can be gradually enhanced and continued.
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