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Abstract: In the framework of an urban garden art and
design environment, this research examines the integra-
tion of virtual reality (VR) technology with a 3D model built
using a fuzzy mathematical model. The goal is to provide a
cutting-edge, immersive experience that enables people to
engage with and explore the subtleties of a distinctive urban
garden setting by fusing creative components with outdoor
areas. Our proposed, advanced genetic algorithm-based fuzzy
logic mathematical model effectively addressed the chal-
lenges in urban gardens by providing innovative design solu-
tions that optimized space, efficiently managed resources,
and fostered community engagement, ensuring produce
safety, health, and the vitality of the garden. Raw data were
collected, and then the data were involved in the pre-pro-
cessed used min-max normalization. Next feature extracts
the data using principal component analysis. The research
findings should be presented, together with information on
how well VR technology and a fuzzy mathematical model
worked to produce the intended aesthetic results. It also
describes how the research can be used for VR, urban garden
design, and art. The findings demonstrate that VR technology
gives designers actual impacts of information processing via
complete presentation, intelligent drawing, and timely infor-
mation, which significantly boosts design productivity and
successfully encourages design quality and fitness rate accu-
racy. Additionally, two benchmark datasets were used for
comparison, and our proposed method achieved an accuracy
of 98.8%. The research expands the possibilities for artistic
expression and strengthens the connection between people
and urban green areas.

Keywords: design environment, 3D model, urban garden,
environmental art design, advanced genetic algorithm-
fuzzy mathematical model

1 Introduction

Natural and intuitive real-time perceptions and interac-
tions are provided by virtual reality (VR) technology,
enhanced using a computer interface that makes it simple
for people to operate systems and increase system produc-
tivity. The development and use of this technology have
fundamentally altered the way that designs are made,
giving designers actual data processing impacts via intelli-
gent drawing, considerably increasing design quality while
efficiently increasing design efficiency. In order for profes-
sionals to instinctively efficiently notice the test outcomes
or execute interactive operations based on the outcomes,
3D graphic technology uses envisioned images to depict
numbers and computation outcomes and conveys a vast
quantity of information quickly using images [1]. The use of
designing environmental art using VR can not only aid in
better global opportunity exploration but also motivate
creators to produce original concepts and advancements
in an interactive environment in addition to creative
designs and instruments. From a design’s original idea to
its ultimate effect, its rich creative expression is effective.
Despite the fact that the use of current VR technology in
environmental art design is still being researched and
developed, it is certain that as technology advances, so
will its importance and effect. By combining data from
many sensors, VR technology can significantly increase
the accuracy of position modeling and computations [2].
The truth, which is reality 3D geometric space, has its own
three-dimensional spatial information that any creature
can access. To describe and interpret the 3D data of urban
space, it is required to build a model of the city’s landscape
in 3D. To accommodate consumers’ requirements and
rapid urbanization, commercial complexes might provide
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more practical, concentrated living spaces [3]. Geographic
information systems and contemporary computer technol-
ogies, remote sensing, VR, and other technologies are the
foundation of the urban environment design visualized in
3D. It tightly integrates the planning and management of
business activities on the foundation of the creation of a
fundamental 3D model information database. Urban land-
form simulators enable automated, scientific dynamic
planning, ensures timely information updates, efficiently
carry out geographical analysis of regional data, encourage
a regional strategy depth, and have clear financial, social,
and environmental advantages for urban development
and administration [4]. The area of contemporary urban
garden landscape design calls for designers with an ever-
increasing breadth of knowledge, and the actual job often
calls for expertise in a variety of fields, including horticul-
ture, aesthetics, and natural biology. In order for the
restricted garden landscape area to exert maximum effi-
cacy and provide urban dwellers with a fresh visual
experience, designers must fully use creative thinking
and include novel components. Some of the key elements
in the whole design process are the choice of the urban
garden landscape location [5]. Urban people’s require-
ments for both material and spiritual life are met by incor-
porating the terrain’s peaks and valleys into the design and
incorporating contemporary artistic elements into the
small garden landscape area. This allows for the cultiva-
tion of urban residents’ spirituality and the coordinated
development of ecological, social, and financial rewards
[6]. The fact that the 3D model is based on a fuzzy mathe-
matical framework suggests that the simulation is based on
shaky or ambiguous data opens the door for organic and
dynamic modifications to the virtual world. This might
imply that random elements have an impact on the plants,
landscapes, and weather, giving the game a more realistic
and unpredictable feel. Users can use VR headsets or other
immersive devices to engage with the environment in this
garden-themed VR environment, wander around the trails,
and see numerous artworks. Additionally, they can alter
garden aspects such as sculpture placement, sunshine con-
trol, and even the introduction of new plant species to see
how they interact with one another [7]. The model can use
fuzzy sets to classify plants according to whether or not
they are suitable for certain garden regions. The model can
employ fuzzy membership functions to describe various
levels of appropriateness rather than categorizing plants
strictly as “sun-loving” or “shade-loving.” This adaptability
allows designers to produce a landscape that is more diver-
sified and robust, better equipped to cope with shifting
environmental circumstances over time [8]. Furthermore,
subjective elements such as aesthetics and emotional

reactions can also be taken into consideration by fuzzy
mathematical models. Designers can include linguistic fac-
tors that correspond to how people would perceive a gar-
den’s harmony, attractiveness, or tranquillity [9]. In this
approach, the garden’s entire atmosphere and ambiance
can be better captured by the model, which can then be
used to improve the design [10]. This research analyzes and
summarizes the current state of research on 3D visualized
urban garden design and planning, and discusses the rami-
fications of this trend. It also expands the advancement
background, current status, and upcoming difficulties asso-
ciated with VR technology, introduces the principles and
techniques for building a 3D scene model and database of
urban garden landscapes, with 3D visualizations for urban
planning and analysis and assessment indication screening
and system.

Contributions of the research
• The main contributions of the research urban garden
landscape-based data are gathered.

• The pre-processed approach using Min-Max normaliza-
tion was applied to the data, and features were extracted
using principal component analysis (PCA).

• The difficulties faced by urban gardens were successfully
addressed by our suggested advanced genetic algorithm-
based fuzzy logic mathematical model (AGA-FLMM)
method, which offered creative design solutions that
maximized space, effectively managed resources, and
encouraged community involvement, guaranteeing the
safety, health, and produce energy.

• This component places special emphasis on how the
models and technologies are really used in an urban
garden. Investigating how VR, 3D modeling, and fuzzy
mathematical modeling can be specially used to improve
the aesthetic and design elements of urban garden set-
tings is the contribution. This could take into account
factors such as aesthetics, usability, sustainability, and
user experience.

The rest of the research organization is as follows:
related works are described in Section 2, the proposed
methods are presented in Section 3, the results and discus-
sion are described in Section 4, and the conclusion of the
research is presented in Section 5.

2 Related works

In this section, the research discusses urban garden art and
design setting using related studies. Table 1 depicts the
related works.
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Table 1: Related works

References Objectives Summary of the finding

[11] The research examined how public artworks interact with their
contexts and have changed throughout time. After
implementing the virtual process using a variety of
collaboration tools, the actual requirements of 3D virtual
reconstruction were analyzed. An evolutionary algorithm-based
space environment design method was also suggested

The layout of this page has positively impacted locals’ scores,
indicating the feasibility of a strategy that involved a public art
and urban space design for city development

[12] The research offered an agent model connected to machine
learning time granularity, examined its timeliness, and defined
simulated machine learning time granularity. Construction of a
real-time simulation time administration structure and research
on switching real-time assurance, message exchanges, and
temporal granularity in machine learning

The research discussed the challenges and new approaches to
parametric structure and digital geometric algorithms in garden
design that highlighted the advantages and drawbacks of the
Grasshopper parameter platform, which showcases its
sophisticated, logical, and scientific nature in real project design

[13] The research concluded that urban gardens and other
vegetated areas need sophisticated irrigation systems to
manage water needs and resource availability. The research
presented a Smart City smart irrigation system communication
protocol. Wireless devices utilizing WiFi and LoRacan
communicate using the protocol

Low-cost instruments were used in city tests, revealing a
successful approach to transmit messages from WiFi to LoRa,
preventing packet loss by adding a 500ms delay at the CH node

[14] The research employed a 3D image processing method for
landscape design, pre-processing 3D landscape images to
eliminate noise and overlapping information, and utilizing a
feature enrichment technique to enhance clarity and detail

The discoveries demonstrated that the system’s design impact
was quite distinct and of high quality. It receives good marks for
the layout of the courtyard and garden, as well as the system’s
low application costs, lowest energy use, and effective operation

[15] The research to visualize the stems and limbs of fruit trees is
based on their morphological feature data and the parameter L
system. It extracts morphological, structural, ecological, and
physiological traits from the pear tree’s structure. The L-system
modeling approach uses branch thickness, bifurcation angle,
and other factors to create a 3D visual graphic data, establishing
a framework for creating a pear tree shape

The research explored the basic theory of virtual plants;
classified computer simulations based on plant descriptions,
modeling goals, and template functions; and provided an
overview of virtual crops in software implementation today. It
also discussed virtual crop models

[16] The research simulated a signal detection-based visualization
system for urban ecological landscapes, using computer vision
principles for image capture, migration, and examination

The visualization system of the urban environmental country
side can be shaped using relevant technologies and united with
the smart metropolis structure to create an all-encompassing
city data mock-up that can be used to solve traffic, ecology, and
other issues and achieve landscape advancement

[17] The research developed a framework for evaluating physical,
social, and psychological wellness in older persons, revealing
that while most research focuses on physical health, it also aims
to improve psychological well-being

The critical assessment method that was used in the research to
identify the research requirements also suggests a plan for
augmented reality (AR) and VR research in the future to look at
this group. This research examined design strategies for VR and
AR for the elderly by outlining challenges and design issues that
arose throughout the critical evaluation

[18] The research explored the relationship between emotional
perceptions and visual cognition in traditional Jiangnan garden
architecture using VR simulations. By analyzing data from visit
techniques, questionnaires, and behavioral observations, the
research identifies how spatial qualities such as openness,
complexity, and theatricality influence emotions such as
calmness, surprise, interest, and confusion

The findings provide a quantitative understanding of how these
gardens evoke emotional responses, offering valuable insights
for applying traditional spatial features to contemporary
architecture. The research bridges subjective sensory
experiences with rational analysis, enhancing our
comprehension of Jiangnan gardens’ spatial narratives

[19] The research suggested that landscape designers should be
proficient using computer-aided design tools, which serve as
visual representations of their ideas. Modern landscape design
professors should focus on teaching learners how to effectively
use these tools in landscape design

A brief overview of the system’s main functions is followed by an
in-depth analysis of the simulation technique used in the
professional module. The system’s effectiveness was verified
using an engineering example

[20] The research utilized campus plant species, virtual breeding
operations, AR, and mobile learning technology to create virtual

The problems of insufficient butterfly diversity and quantity can
be resolved by the virtual butterfly ecological system, which was
easier to establish and maintain than real butterfly gardens

(Continued)
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2.1 Research gap

The existing research on urban garden design and VR inte-
gration provides valuable insights into various aspects,
such as resource optimization, ecological management,
and emotional responses in virtual environments.
However, there is a notable gap in exploring the intersec-
tion of immersive VR technology and advanced fuzzy logic
models specifically tailored for urban garden art and
design. While VR has been utilized for spatial visualization
and community engagement, there is limited research on
its application in the creation of sustainable, resource-effi-
cient, and aesthetically impactful urban garden environ-
ments. More studies focus on isolated components such as
irrigation systems, 3D modeling, or emotional responses,
yet a holistic framework that combines these elements
with real-time, adaptive VR-based design remains largely
unexplored. The research integration of AGA-FLMM for
optimizing garden spaces and fostering community inter-
action remains underexplored, which should focus on
developing comprehensive models that address these

gaps, enabling a more immersive, sustainable, and user-
centric approach to urban garden design.

3 Methodology

In this section, the integration of an AGA-FLMM in the
context of urban garden art and design setting facilitates
an innovative and optimized design solution that promotes
an efficient resource management, enhancing aesthetic
appealing. Figure 1 depicts the flow of the proposed work.

3.1 Data collection

Dataset 1 (https://www.kaggle.com/datasets/ziya07/urban-
green-space-model-data/data), the Urban Green Space
(UGS) Model Data, offers a comprehensive collection of
urban garden and landscape layout plans. It includes

Table 1: Continued

References Objectives Summary of the finding

butterfly ecological systems, allowing learners to observe
butterfly life stages

[21] The research examined the application of VR technology in
landscape planning and design to reduce the impact on
landscape greening. It involves creating realistic 3D landform
character models using grid-based structures and texture
mapping

The A* algorithm is used to determine the optimal path for a
smoother, more realistic movement through the landscape. The
results demonstrate improved visual clarity, more immersive
roaming, and efficient landscape design with minimized
environmental impact

[22] The research aimed to understand the instructional structure
for research plants in higher education in art and design by
examining plant themes in street art and design objects in
India. The research’s visual ethnography had theoretical
implications for public education about plants

The research highlighted the importance of plants in public
pedagogy curriculum, highlighting their historical and cultural
significance, and their diverse use and reasons for public display

[23] The research explored the complexity, diversity, and variability
of ecological environmental issues, particularly water pollution,
by examining the use of a specific location’s ecological
landscape

The application of ecological ideas in urban garden planning
can enhance living conditions, prevent environmental damage,
and minimize natural resource usage

[24] The research enhanced 3D animation through VRML by
improving character effects, interactivity, and visual quality.
Methods include texture mapping, optimized lighting, scripting
(Java, JavaScript, VRML Script), and fuzzy model recognition to
identify multimedia elements and boost frame rates

Results show consistent real-time performance with frame rates
above 40 FPS in a virtual museum scene, maintaining visual
quality and system responsiveness. However, the full potential
of VR animation depends on long-term collaboration across
disciplines and may face challenges with scalability and content
complexity

[25] The research explores the use of VR technology integrated with
GIS data fusion in elementary school mathematics education.
Using case analysis of three systems virtual experimental
teaching, intelligent auxiliary teaching, and virtual classroom,
the research combines investigation and experimental methods
to assess effectiveness

Results show that 78 students found VR helpful for simulating
operations and understanding principles, with over 50%
reporting increased interest in learning. Despite its promising
findings, the research is limited by sample size and lacks long-
term impact evaluation
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high-resolution 2,000 × 2,000 px JPEG images of garden
blueprints and design metadata that detail plant species,
object placements, and terrain. This dataset is valuable for
advanced modeling, simulation tasks, and urban planning
using AI-driven techniques, 3D modeling, and VR environ-
ments. Dataset 2 (https://www.kaggle.com/datasets/ziya07/
garden-space-planning-data/data), “Garden Space Planning
Data,” is a curated collection of high-resolution urban
garden landscape plans (2,000 × 2,000 px) in JPEG format.
This dataset is designed to support research and develop-
ment in areas such as 3D modeling, VR simulation, and
fuzzy logic-based design optimization. It provides essential
resources for designing smart, sustainable, and visually
engaging green spaces in urban environments, contri-
buting to the advancement of urban planning and land-
scape design techniques. The data for the research were
gathered from (https://www.kaggle.com/datasets/zoya77/
3m-urban-blue-green-gray-dataset) website. UBGG-3m
(Urban Blue-Green-Gray 3-meter) dataset is a high-resolu-
tion urban landscape resource developed to address the
lack of fine-grained urban landscape data. It focuses on
classifying urban areas into three primary categories:
Urban Blue Spaces, which include water bodies such as
rivers, lakes, and ponds; UGS, which encompass vegetation
areas such as trees, grasslands, and farmlands; and Urban
Impervious Surfaces, which are man-made structures such
as buildings, roads, and pavements. This dataset provides
valuable insights into the composition of urban landscapes,
aiding in urban planning, environmental sustainability
efforts, and the assessment of ecosystem services, such as

water management, green space availability, and urban
heat island effects. By offering high-resolution data,
UBGG-3m supports detailed analysis and decision-making
for sustainable urban development.

3.2 Data pre-processing using min-max
normalization

Min-max normalization is often used to scale numerical
properties within a certain range. In machine learning, it
is often used to prepare data for models. To improve dia-
betes prediction accuracy, min-max normalization can be
used to the dataset’s input features. To compare results
fairly before and after normalization, min-max normaliza-
tion makes linear adjustments to the original data.

( ) ( )
=

=
−

Z
z

z z

min

max min

,new
(1)

Znew = scaled-down version of the original number, Z =

obsolete price, ( )zmax = the maximum possible score in
a dataset, and ( )zmin = dataset minimum value.

3.3 Data feature extraction using PCA

To reduce urban data dimensionality while preserving key
information, PCA is applied. PCA helps eliminate redun-
dancy, reduce noise, and transform correlated evaluation

Figure 1: Flow of the proposed method.
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indices into a smaller set of uncorrelated principal compo-
nents, thus enhancing urban landscape garden design data
interpretability without significant information loss.

Let the evaluation data matrix be defined as follows:

( )=E E B A⁎ ,ji (2)

where B is the number of observation samples (e.g., dif-
ferent sporting events), A is the number of original evalua-
tion indices (e.g., crowd size, weather conditions, and
injury rates), and Eji is the value of the ith index in the
jth sample.

The score for the jth observation on the ith principal
component is given as follows:

=S E ,j fi (3)

where Sj denotes the matrix representing the correlation
coefficient’s major component, and the normalized eigen-
vector is f

i
.

Compute the correlation matrix Q
A A⁎

of the indices,
perform eigenvalue decomposition on Q, obtaining eigen-
values λ λ λ, , …, A1 2 and eigenvectors f f f, , …,

A1 2
(each

is a principal component direction). Select the top compo-
nents such that their cumulative contribution rate exceeds
86% the following:

∑=
=

b b ,

j

r

i

1

(4)

where bi is the contribution rate of the ith principal
component.

Once principal components are extracted, the overall
risk rating W for a given event is computed using a
weighted sum of selected components:

= + + +X bW aW wW… ,w1 2
(5)

where X is an eigenvalue of the eigenvector a and w

denotes the normalized index’s original data. Figure 2 illus-
trates that the relative importance of features extracted

using PCA highlights which components contribute most
significantly to the model’s predictive performance.

Design quality in this context is typically assessed using
algorithmic benchmarks rather than purely subjective user
ratings. PCA, as visualized in the provided image, reduces
dimensionality by identifying components that explain the
most variance in the dataset. The bar plot indicates the rela-
tive importance of each principal component. In this
example, the first component (index ∼1) has the highest
importance score, contributing over 70% to the model’s pre-
dictive power. This suggests that the features most aligned
with this component are key contributors often capturing
dominant trends or correlations in the data. These might
include composite measures of performance, structural integ-
rity, or thermal efficiency, depending on the domain. Such
insights allow for refining feature selection and improving
model sensitivity and robustness.

3.4 AGA-FLMM

3.4.1 Fuzzy mathematical model of urban garden

The fuzzy logic system in the research was tuned using a
combination of real-world urban garden data and para-
metric L-systems, which modeled plant structures based
on ecological and aesthetic parameters. While the system
primarily relied on deterministic rules, it incorporated
fuzzy membership functions to assess plant suitability
and aesthetic values (e.g., harmony, tranquillity) across
garden zones. Validation was achieved through compara-
tive analysis against existing models (convolutional neural
network [CNN], decision tree [DT], support geographic
regression [SGR]), demonstrating superior performance
in accuracy, efficiency, and design quality, indicating effec-
tive tuning to real-world urban garden scenarios.

Figure 2: Feature importance from PCA features.
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Urban Garden design has not had a particularly united
and authoritative description in the academic world due to its
complexity and variety. The landscape itself has both geogra-
phical and biological characteristics. Geographically speaking,
the whole terrain, including topography and landforms, is
given greater consideration. Accordingly, planning and
designing a garden landscape are regarded as “complex
objects on the land.” From an ecological perspective, more
emphasis is placed on the coexistence and connection among
it is more likely to regard the landscape as a self-circulating
biological system since it includes both plants and nonplants.
Landscape in a garden represents what is meant by “visual
aesthetics,”which is the same as “landscape.” The literary and
artistic communities, as well as a large number of landscape
architects, are aware of its connotation.

The vegetation in the city garden is used as an example
in the research fuzzy mathematical modeling. The
Lindenmayer system (L-system) initials and products are
characterized by strings, as can be observed from the idea
of string replacement. While Formal languages, known as
L-systems, everything comes down to that. Every letter in
L-system must be given a distinct geometrical interpreta-
tion to tie it to the plant simulation and allow it to reflect
the structure of actual plant branches. The idea of a turtle’s
form can be used to convey it clearly. Postprocessing often
involves PS software, followed by the printing of the ren-
derings on a color laser printer.

The L-system’s perception of a turtle may be expanded
from a 2D to a 3D space. First, the turtle shape’s current
direction is described by three vectors: G, K, and V. They
each stand for the turtle’s upward, left, and forward orien-
tations. The following equation is satisfied by them since
they are all unit lengths, perpendicular to one another.

The research simulates urban garden vegetation using
formal language techniques, particularly the Lindenmayer
system (L-system), which is widely used for modeling plant
growth patterns. An L-system defines strings over an
alphabet of symbols, where each symbol corresponds to
a specific geometric operation. To realistically render plant
structures, we use turtle geometry to interpret these sym-
bols as drawing commands. In 3D space, the turtle’s orien-
tation is defined by three orthogonal unit vectors:G, K , and
V , satisfying the cross-product relationship:

× =G K V . (6)

The following equation can be used to depict the spin-
ning turtle shape:

[ ] [ ]′ ′ ′ = ×G K V G K V Q, , , , , (7)

where Q is the rotation matrix of 3 by 3. Angle an of rota-
tion with respect to the vectors G, K , and V is represented
by the following matrix:

Similar matrices Q
K
and Q

V
apply for rotations around

K and V , respectively. The turtle’s orientation can be
rotated using a rotation matrix Q. For instance, a rotation
around vector G by an angle is defined as follows:

( ) =
⎡

⎣
⎢−

⎤

⎦
⎥Q b

a a

a a

cos sin 0

sin cos 0

0 0 1

,
G

(8)

( ) =
⎡

⎣
⎢

− ⎤

⎦
⎥Q b

a a

a a

cos sin 0

0 1 0

sin 0 cos

,
K

(9)

( ) =
⎡

⎣
⎢ −

⎤

⎦
⎥Q b a a

a a

1 0 0

0 cos sin

0 sin cos

.
V

(10)

As an ordered quaternion, example of a completely
arbitrary L-system:

〈 〉=H U ω O π, , , . (11)

An elementary random L-system is as follows:

[ } [ ]+ −
→

ω E

o E
E E E E E

:

:
.33 .

1

0
(12)

The most fundamental idea of parallel rewriting is
expanded by the parameter L-system from words with
simple characters to words with parameters. On terms
that are module strings, such as parameters made up of
characters containing parameters, the parameter L-system
works. Arguments and characters both belong to the real
number set Q, as does the character set V. It has the fol-
lowing attributes and the character AEV:

∈b b b Q, , …, .m1 2 (13)

A parametric L-system enhances this structure by
allowing each symbol (called a module) to carry numerical
parameters. The set of all modules is defined as follows:

( )B b b b, , …, .m1 2 (14)

Each module is a part of the following collection:

= ×N U Q ,
⁎ (15)

where Q⁎ is the collection of all sequences of finite para-
meters, while the collection of all strings that are both
modules and nonempty is represented by

( )= ×N U Q ,
⁎ ⁎ ⁎ (16)

( )= ×+ +N U Q ,
⁎ (17)

withU being the alphabet of module names and Q⁎ the set
of finite parameter sequences. Although fuzzy logic is men-
tioned in the modeling context, the current formulation
primarily relies on deterministic parametric L-systems.
For a truly fuzzy model, one would need to define linguistic
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variable-associated membership functions, and a rule base
for decision-making or classification, which is presently
absent or underdeveloped in the methodology.

The fuzzy system in the research uses fuzzy member-
ship functions and linguistic variables (e.g., “sun-loving,”
“shade-tolerant”) to classify plant compatibility based on
environmental factors such as sunlight, soil, and spatial
arrangement. Instead of rigid classifications, it assigns
degrees of suitability, allowing for more nuanced and
adaptable garden designs that can respond to variable
and uncertain real-world conditions.

3.4.2 Advanced genetic algorithm

A kind of randomized search algorithm called a genetic algo-
rithm is one that depends on the genetics and natural selec-
tion of creatures. More suitable personalities are chosen from
the problem-solving groups using some metric. To create
newer generations of potential answers, each person is
merged by genetic operators. This procedure is continued
before the convergence index is reached. The four major
parts of a genetic algorithm are control parameters: selection,
crossover, variation genetic operators, and coding technique.
When an issue is solved using a genetic algorithm, the poten-
tial answers are encoded into chromosomes or people. An
early problem-solving group is made up of several people.
After determining the fitness function, the algorithm can be
terminated by printing the persons whomeet the termination
requirements. If not, people will mix with each other, change,
and recombine to create the following new population. The
preceding generation’s positive traits are passed down to the
next population, which is superior to it, allowing for a more
favorable outcome to eventually emerge. The following are
some examples of the genetic algorithm’s steps.

3.4.2.1 Creating the first population and coding
Select the suitable coding method for the given trouble.
And make a populace of M chromosomes with a prear-
ranged length at random.

( ) = =s s j Mpop , 1, 1, 2, … .
j (18)

3.4.2.2 Calculating fitness value
Each chromosome’s fitness ( )t spop in populace ( )spop is
calculated as follows:

( ( ))=e sfitness pop .j j (19)

Determine whether the convergence need is met. With
the output explore outcomes, continue with the next steps.

3.4.2.3 Choose action
According to each person’s fitness, the chance of selection
is determined as follows:

=
∑

=
=

O
e

e

j M, 1, 2, 3, … .j

j

j

M

j1

(20)

To create the new population in the next-generation
population, a random sample of the probability distribu-
tions mentioned earlier is taken from the ( )sTPOP current
generation population:

( ) { ( )∣ }+ = =s s i Mnewpop 1 pop 1, 2, … .
i

(21)

3.4.2.4 Cross-action
A collection of M chromosomes ( )+t scrosspop 1 results
from the union of probability Oc.

3.4.2.5 Operation of mutation
Use a lower probability On to induce gene mutations in
chromosomal regions. There develops a new population,

( )+t smutpop 1 . ( ) ( )= +t sPop Mutpop 1 is the term given
to the new population that results from a genetic opera-
tion. In addition, it returns to 2 and serves as the father of
the subsequent genetic surgery.

Algorithm 1: Advanced Genetic Algorithm
Step 1: Create an n-chromosome population of random
kind ( )e x

Step 2: Fitness estimation for each chromosome x’s fitness
( )e x among the populace
Step 3: Iterate the following processes until you reach the
new required population.
a) Selection: selects a few parent’s chromosomes from

a population based on fitness
b) Crossover: To determine a new offspring, parents

conduct crossover based on a crossover probability.
The child can be a perfect replica of the parent if the
crossover is not performed.

c) Mutation: Create new children with a mutation
probability at each locus.

d) Accepting: Add a fresh generation to a brand-new
population.

Step 4: Utilize freshly created population in a subsequent
algorithm run.
Step 5: If the criteria for termination are met, stop the
procedure and provide the best response from the current
group of people.
Step 6: Step 2 is next.
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Urban garden planning and designing a landscape is a
comprehensive procedure that begins with the gathering
of the fundamental data needed for planning, continues
with the creation of detailed design plans, and ends with
the execution of the design on the substance of the plan-
ning. Planning objectives and planning pointers into phy-
sical places is the process of creating urban planning,
which forms the basis of all other planning and design
work. The system’s most important features are security
and dependability. These features effectively ensure the
integrity and security of the system’s data. The proposed
system can be adapted for different climatic zones, cultural
aesthetics, or ecological requirements. The integration of
VR and the AGA-FLMM allows for flexible design solutions.
By adjusting the parameters and models based on local
climate, cultural preferences, and ecological needs, the
system can offer tailored, context-specific urban garden
designs that optimize space usage, resource management,
and community engagement while ensuring environ-
mental and aesthetic relevance.

A number of models can be automatically built in the
3D scene based on the urban garden landscape design’s
chosen area’s landscape (Figure 3). This additionally offers
a quick and easy way to generate models, but it can also be
used to evaluate models created manually by other
designers. The planner can change the chosen model’s
size, orientation, coordinates, and other characteristics,
as well as completely swap out the chosen model. This

gives designers an opportunity for horizontal and vertical
comparison, enabling them to choose their perfect
strategy. The place is chosen in the planning interface
using the landscape models’ replacements and modifica-
tion functions.

4 Results and discussion

This section explores the use of VR technology on a 3D
model created using a fuzzy mathematical model in an
urban garden art and design context. The researchers
employed DT, CNN, and SGR to compare existing
approaches [26]. An Intel core i7 CPU Windows 11 Python
3.8 32 GB RAM Jupyter Notebook also has a 1TB SSD, guar-
anteeing express and successful storage. The parameters
include design quality, design efficiency, accuracy, predic-
tion, sensitivity, and fitness rate.

4.1 Distribution of aesthetic scores

The histogram displays the distribution of aesthetic scores
across a dataset, with most samples clustering near the
mean around zero. This bell-shaped pattern suggests a
roughly normal distribution, indicating balanced

Figure 3: Using VR technology, a 3D virtualized urban garden landscape design was created (source: https://www.sciencedirect.com/science/article/
abs/pii/S2352186421003862).
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evaluations of design aesthetics. These scores are likely
derived from either algorithmic model trained on anno-
tated datasets or user rating aggregation, depending on
the methodology. Figure 4 shows the presence of scores
across a broad range from approximately −1.2 to 1.2, which
implies sensitivity to diverse design attributes. While sub-
jective ratings can influence initial training, the final
assessment is often quantitatively modelled to ensure con-
sistency, objectivity, and scalability across large datasets.

4.2 Comparison of dataset

The UGSModel Data (Dataset 1) and Garden Space Planning
Data (Dataset 2) provide high-resolution (2,000 × 2,000 px)
JPEG images and detailed metadata for urban garden and
landscape layouts, enabling AI-driven modeling, 3D simu-
lation, and VR-based urban planning. Both datasets contri-
bute significantly to sustainable and smart green space
design. Sourced from the UBGG-3m dataset, which classi-
fies urban areas into blue, green, and gray spaces, they
support environmental sustainability and urban eco-
system analysis. Figure 5 shows that the Dataset-1 achieved
98.2% accuracy; Dataset-2 reached 98.5%, while the pro-
posed research model outperformed both with 98.8%
accuracy.

4.3 Design quality

The VR platform should include a wide variety of design
components to provide a complete and adaptable garden
art design experience. Various kinds of vegetation, flowers,
trees, hardscape components, sculptures, and water fea-
tures are included in this. Designers will have freedom

and alternatives to modify the diverse components.
Figure 6 depicts the design quality of the proposed and
existing methods. Realistic, interactive, user-friendly, and
performance-optimized VR design is essential for creating
3D-based garden art. Table 2 depicts the outcomes of the
design quality. Designers can develop a potent and compel-
ling virtual environment that encourages creativity and
aids in the realization of remarkable garden art ideas by
giving these elements the highest priority. Compared with
the existing one, the design quality for the proposed model
is high (92.89%).

4.4 Design efficiency

To keep the garden art design focused, and on the course, it
is crucial to have well-stated design goals and objectives.
The design process is guided, and superfluous iterations
are avoided by defining the goal and intended aesthetic
effect of the artwork. Efficiency depends on selecting the

Figure 4: Distribution of aesthetic scores.

Figure 5: Comparison of accuracy dataset.
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right materials that complement the design intent and the
surrounding area. Garden art projects that include sustain-
able design concepts are more effective and beneficial for
the environment. Design effectiveness of the proposed and
current methodologies is shown in Figure 7. Design effi-
ciency data are shown in Table 3. Long-term maintenance
expenses and resource consumption can be decreased by
implementing sustainable techniques, such as adopting
native plants, water-efficient irrigation systems, and
energy-efficient lighting. The proposed method achieves
high efficiency than the existing methods. The proposed
method achieves the greatest effective design (97.23%).

4.5 Accuracy

The competence and knowledge of the craftsmen or arti-
sans engaged in its creation have a significant impact on
how accurately the garden art design is executed. It is
crucial to engage with seasoned experts who can operate
precisely and pay attention to detail. The correctness of the
design can be impacted by site-specific elements, including
geography, soil characteristics, and climate. For the design

to be implemented successfully, the site circumstances
must be taken into consideration. Figure 8 illustrates the
precision of the suggested and current approaches. Results
from accuracy research are shown in Table 4.

4.6 Prediction

The amount of upkeep given to the garden will have an effect
on how it develops as a whole. Regular weeding, fertilizer,
and trimming can result in a well-kept and lively landscape,
while neglect can provide a less appealing look. The land-
scape of the garden can be influenced by environmental
variables, including rainfall, temperature, and nearby fauna.
For instance, heavy rain or drought can harm a plant’s health
and development. Figure 9 shows the agreement between the
proposed and current approaches for prediction. Table 5 illus-
trates the outcome of the garden landscape forecast.

4.7 Fitness rate

The degree to which a garden art design satisfies the
demands, goals, and limits specified by the customer or

Table 2: Outcome of the design quality

Methods Design quality (%)

CNN 80.12
DT 79.31
SGR 87.13
AGA-FLMM [proposed] 92.89

Figure 7: Design efficiency of the proposed and existing methods.

Table 3: Result of the design efficiency

Methods Design efficiency (%)

CNN 70.5
DT 60.12
SGR 79.2
AGA-FLMM [proposed] 97.23

Figure 6: Design quality of the proposed and existing method.
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other project stakeholders is referred to as the design’s
fitness rate. It serves as a gauge of how well and efficiently

the garden art design satisfies both the expectations of the
target audience and the purpose for which it was created.
The aesthetic appeal and aesthetic features of a garden art
design also influence how suitable it is. In keeping with
the overall garden idea, the design should blend in with
the surrounding terrain. Safety should be considered in the
design of any garden sculpture. It needs to be safe for both
people and the environment, managed, and upgradable
over time. The relative fitness of the new and old
approaches is shown in Figure 10. The results of the fitness
rate are shown in Table 6. It shows that the proposed
method reaches the highest fitness rate (95.71%) among
the existing ones.

4.8 Sensitivity

Designing garden art requires sensitivity to the natural
world. A design can be ecologically conscious by using
eco-friendly procedures, using sustainable materials, and
including native flora. The natural rhythms of the site, such
as seasonal changes, light patterns, and animal habits,
ought to be respected while designing garden art. Instead
of obstructing these organic features, the design should
acknowledge and embrace them. Figure 11 depicts the sen-
sitive results. Table 7 shows the sensitivity analysis. When
compared to the existing methods, the proposed method
has a greater sensitivity (97.91).

Figure 8: Accuracy of the proposed and existing methods.

Table 4: Outcomes of the accuracy

Methods Accuracy (%)

CNN 75.6
DT 79.71
SGR 77.89
AGA-FLMM [proposed] 98.8

Figure 9: Prediction of the proposed and existing methods.
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5 Discussion

The VR experience described in the research is highly
immersive, supporting real-time interaction where users
can navigate the 3D garden space; adjust elements such
as sculpture placement and plant types; and experience
dynamic environmental changes such as weather and
lighting. It allows for user-driven modifications, offering
a responsive and realistic simulation that enhances design
visualization and decision-making. The system is compa-
tible with a range of VR platforms and devices that support
immersive, interactive experiences. These include both PC-
connected and standalone headsets, as well as mobile-
based VR solutions. The system can also integrate with
AR and mixed-reality devices, allowing for a flexible and
adaptable user experience. These platforms provide

varying levels of accessibility, from high-end setups to
more mobile-friendly options, ensuring that users can
engage with the urban garden design in diverse ways.
The system is scalable and adaptable for large public parks,
although it was initially optimized for small-to-medium
urban gardens. Its modular 3D modeling, fuzzy logic adapt-
ability, and AGA enable efficient handling of complex land-
scapes, resource management, and user interaction,
making it suitable for broader UGS with appropriate com-
putational support. The use of DT, CNN, and SGR presents
several drawbacks. DTs can be prone to overfitting, espe-
cially with complex datasets, leading to reduced general-
izability. CNNs, while powerful for image data, require
large datasets and high computational resources, making
them less efficient for smaller or structured datasets. SGR,
being a geographically-aware model, may suffer from com-
plexity in spatial data interpretation and can be limited by
data sparsity or regional inconsistencies. Together, these
methods may not be universally optimal across diverse

Table 5: Result of the garden landscape prediction

Methods Prediction (%)

CNN 80.12
DT 79.9
SGR 78.9
AGA-FLMM [proposed] 95.12

Figure 10: Fitness rate of the proposed and existing methods.

Table 6: Outcomes of the fitness rate

Methods Fitness rate (%)

CNN 82.1
DT 75.65
SGR 78.32
AGA-FLMM [proposed] 95.71

Figure 11: Sensitivity of the existing and proposed methods.

Table 7: Result of the sensitivity

Methods Sensitivity (%)

CNN 60.51
DT 70.83
SGR 80.15
AGA-FLMM [proposed] 97.91
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data types or application contexts. The AGA-FLMM can
effectively address the drawbacks of DT, CNN, and SGR
by combining adaptive optimization with human-like rea-
soning. The genetic algorithm component optimizes fea-
ture selection and rule parameters to avoid overfitting
and improve generalization, unlike DTs. The fuzzy logic
system handles uncertainty and imprecision in data,
making it suitable for smaller or noisy datasets where
CNNs may struggle. Additionally, AGA-FLMM does not
rely on geographic constraints like SGR, offering more
flexible and scalable modeling across various data envir-
onments. This research combines VR with a fuzzy mathe-
matical model to enhance urban garden design, focusing
on space optimization, resource management, and commu-
nity engagement. The proposed model encourages sustain-
able practices by using fuzzy logic to simulate plant
suitability based on environmental factors such as sunlight
and shade, allowing for adaptive and diverse vegetation
choices. It incorporates smart irrigation planning through
resource-efficient algorithms and emphasizes energy-
saving design elements such as optimal lighting and eco-
friendly materials, promoting long-term environmental
balance in urban garden layouts. By using the AGA-
FLMM, the research provides innovative solutions to urban
garden challenges, improving design productivity and aes-
thetic outcomes. The findings highlight VR’s role in fos-
tering a stronger connection between people and green
spaces, offering valuable insights for the future of urban
and environmental design. This research presents a smart
irrigation system designed for urban gardens within a
Smart City framework.

6 Conclusion

The research built a 3D and VR model of urban garden art
design, carried out 3D visualization of urban garden mod-
eling, accomplished landscape of a virtual environment
shown in 3D, covered the integration and fuzzy mathema-
tical model of garden landscape design schemes, looked at
the interactive landscape planning and design schemes using
3D modeling, carried out research, and then analyzed the
findings. The proposed method ADA-FLMM achieves more
design quality (92.89%), efficiency (97.23%), accuracy
(98.8%), and prediction (95.12%). Additionally, two benchmark
datasets were employed for comparison, and suggested tech-
nique attained an accuracy of 98.8%. To summarize, VR tech-
nology uses intelligent drawing to provide design realistic
information processing effects, which dramatically increases
design efficiency and encourages the effective development

of design quality. Professionals can swiftly and intuitively
evaluate test findings using 3D virtual technology since it
can send a lot of information via images in a short period
of time. Integrating VR with dynamic environmental simula-
tions can show how the urban garden will alter as the sea-
sons, weather, and illumination change. The usage of natural
light and sustainable design principles can be improved with
the help of this feature.
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