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Abstract: - Virtual reality (VR) is transforming the landscape design and planning industry by offering immersive and interactive tools for 

visualization and decision-making. With VR technology, designers and planners can create realistic 3D environments that allow stakeholders 

to experience proposed designs in a virtual space before implementation. This enables them to explore different design options, evaluate 

spatial relationships, and assess the impact of various elements such as vegetation, topography, and infrastructure. VR also facilitates 

collaboration among project stakeholders by providing a shared platform for communication and feedback. By immersing themselves in 

virtual landscapes, clients, designers, and stakeholders can better understand design concepts and make informed decisions, leading to more 

efficient and successful projects. This paper introduces a novel approach to simulating and optimizing landscape planning and design using 

virtual reality (VR) technology, enhanced by Whale Swarm Optimization Classification (WSOC). The proposed framework aims to leverage 

the immersive and interactive capabilities of VR to facilitate more effective landscape planning and design processes. Through simulated 

experiments and empirical validations, the efficacy of the WSOC-enhanced VR-based approach is evaluated. Results demonstrate significant 

improvements in optimization efficiency and landscape design quality compared to traditional methods. For example, the WSOC model 

achieved a 40% reduction in design iteration time and a 25% increase in landscape sustainability metrics. Additionally, the framework enabled 

stakeholders to visualize and interact with proposed designs in real-time, leading to more informed decision-making and consensus-building. 

These findings highlight the potential of VR technology with WSOC in revolutionizing landscape planning and design, fostering sustainable 

and aesthetically pleasing outdoor environments. 
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I. INTRODUCTION 

Virtual reality (VR) technology is revolutionizing landscape planning by providing designers and stakeholders with 

immersive and interactive experiences [1]. Unlike traditional methods that rely on 2D drawings or scale models, 

VR allows users to step into a virtual environment where they can explore and interact with landscapes in three 

dimensions. This technology enables designers to visualize their ideas more accurately and make informed decisions 

about spatial arrangements, materials, and vegetation. With VR, stakeholders can experience proposed landscapes 

firsthand, gaining a deeper understanding of the design intent and how it will fit into the surrounding environment 

[2]. This immersive experience fosters better communication and collaboration among project teams, clients, and 

communities, leading to more informed decision-making and ultimately better-designed landscapes. VR technology 

facilitates the evaluation of various design alternatives by allowing users to quickly iterate and make adjustments in 

real-time [3]. Designers can simulate different scenarios, such as changes in topography or the addition of new 

elements, and assess their impact on the overall landscape design. This iterative process helps optimize designs for 

functionality, aesthetics, and sustainability [4]. VR technology enhances the engagement of stakeholders in the 

planning process by offering a more accessible and inclusive platform for participation. Clients and community 

members can provide feedback and suggestions by experiencing the virtual environment firsthand, enabling 

designers to incorporate their input effectively [5]. 

Landscape planning optimization involves the systematic analysis and enhancement of outdoor spaces to achieve 

the most efficient and effective use of resources while maximizing benefits for both people and the environment 

[6]. This process integrates various factors such as land use, ecological considerations, social dynamics, and 

economic feasibility to create landscapes that are functional, resilient, and aesthetically pleasing. Optimization 

begins with thorough site analysis to understand the existing conditions, including topography, soil quality, 

vegetation, and existing infrastructure [7]. Utilizing advanced technologies like Geographic Information Systems 

(GIS) and remote sensing aids in gathering comprehensive data for informed decision-making. By employing 

techniques such as land use zoning, green infrastructure design, and sustainable drainage systems, landscape 

planners can optimize the spatial layout to minimize environmental impacts, enhance biodiversity, and mitigate 
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climate-related risks such as flooding and heat island effects [8]. Furthermore, incorporating principles of universal 

design and accessibility ensures that outdoor spaces are inclusive and accessible to people of all ages and abilities 

[9]. Collaborative approaches involving stakeholders and community engagement are integral to the optimization 

process, fostering a sense of ownership and ensuring that landscape designs reflect the needs and preferences of the 

people who will use them. 

 Simulation and optimization techniques with virtual reality (VR) technology has revolutionized landscape planning 

and design processes [10]. VR enables designers and stakeholders to immerse themselves in virtual environments, 

providing an interactive platform for visualizing and experiencing proposed landscape designs in three dimensions. 

By combining VR with simulation tools, such as environmental modeling and spatial analysis software, landscape 

planners can simulate various design scenarios and assess their performance across multiple criteria, including 

ecological, social, and economic factors [11]. This approach facilitates the optimization of landscape designs by 

allowing for iterative testing and refinement of different design alternatives. Designers can experiment with factors 

such as land use patterns, vegetation types, and infrastructure layouts to identify the most efficient and effective 

solutions [12]. Moreover, VR technology enhances communication and collaboration among project teams and 

stakeholders, enabling more informed decision-making and consensus-building throughout the planning process. 

Furthermore, the integration of optimization algorithms within VR environments allows for real-time feedback and 

adaptation based on user interactions and performance metrics [13]. This dynamic approach enables designers to 

quickly iterate and refine designs to better meet project goals and stakeholder preferences. Additionally, VR 

technology facilitates the exploration of alternative design strategies, fostering creativity and innovation in 

landscape planning. 

This paper makes several significant contributions to the field of landscape planning and design. Firstly, by 

introducing Whale Swarm Optimization Classification (WSOC), it offers a novel approach to optimizing landscape 

designs, which balances ecological sustainability, aesthetic appeal, and resource efficiency. WSOC's hierarchical 

classification mechanism provides a unique framework for guiding the optimization process, enabling the generation 

of diverse and well-balanced landscape designs. Secondly, the integration of WSOC with virtual reality (VR) 

technology enhances the visualization and evaluation of landscape designs, facilitating more informed decision-

making by stakeholders. This fusion of optimization algorithms with immersive visualization tools represents a 

cutting-edge approach to landscape planning, offering unprecedented capabilities for exploring and refining design 

alternatives. Additionally, the paper contributes to the existing body of knowledge by demonstrating the 

effectiveness of WSOC in addressing complex landscape planning challenges. Through empirical evaluations and 

case studies, it validates WSOC's performance in generating high-quality landscape designs that meet diverse 

criteria and stakeholder preferences. 

II. LITERATURE REVIEW 

Virtual reality (VR) technology in landscape planning and design represents a burgeoning area of research and 

innovation. As urbanization intensifies and environmental concerns become increasingly prominent, there is a 

growing imperative to develop advanced methodologies that can effectively address the complex challenges facing 

outdoor spaces. This literature review aims to provide a comprehensive examination of existing studies, 

methodologies, and applications related to the simulation and optimization of landscape planning and design using 

VR technology. Zheng and Zhou (2022) delve into rendering techniques and optimization algorithms for creating 

3D artistic landscapes within digital cities, highlighting the integration of VR. Similarly, Yi and Wang (2022) explore 

intelligent optimization algorithms in virtual landscape design. Zhou and Zhang (2023) focus on simulating rural 

digital landscape designs through VR, while Bai (2022) investigates sustainable development garden landscape 

design with data mining and VR. Zhu, Pan, and Huai (2023) discuss the simulation of rural landscape standardization 

effects using 3D reconstruction and VR. Sun and Dong (2022) and Tang, Xuan, and Zhu (2022) evaluate VR 

applications in landscape design, particularly in rail transit areas and rural garden landscapes, respectively. Other 

studies, such as those by Liu, Luo, and Zhang (2022), Wang (2022), and Chen and Wang (2022), delve into 

optimization methods and 3D simulation techniques for landscape spaces. Additionally, there are explorations into 

specific applications of VR, such as virtual scanning in complex landscape gardens (Huang & Zheng, 2022) and 

computer 3D modeling for modern garden ecological landscapes (Tian, 2022; Ling & Ma, 2022; Gong & Li, 2022). 

Furthermore, the integration of VR with computational design is discussed by Maksoud et al. (2023), while Cao and 

Li (2022) focus on dynamic simulation technology for urban 3D art landscapes. Deng and Zhou (2022) and Deng 

et al. (2022) highlight interactive teaching platforms and digital city landscape planning using spatial information 
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technology, respectively. Urech, Mughal, and Bartesaghi-Koc (2022) propose a simulation-based design framework 

for shaping urban landscapes, and Huang, Ye, and Liu (2022) investigate aging-friendly design in urban park 

landscapes through computer virtual simulation. Finally, Kikuchi, Fukuda, and Yabuki (2022) explore future 

landscape visualization using city digital twins and augmented reality integration. 

The integration of VR technology with computational design, spatial information technology, data mining, and 

optimization algorithms. This interdisciplinary approach enables researchers and practitioners to tackle complex 

challenges in landscape planning and design more comprehensively, considering diverse factors such as 

environmental sustainability, social inclusivity, and aesthetic quality. Moreover, the studies demonstrate a shift 

towards more user-centric design processes, with a focus on stakeholder engagement, interactive visualization, and 

immersive experiences facilitated by VR technology. By incorporating stakeholders into the design process through 

VR simulations and interactive platforms, designers can gather valuable feedback and ensure that landscapes are 

tailored to meet the needs and preferences of the communities they serve. Additionally, the literature highlights the 

potential of VR technology to enhance the efficiency and effectiveness of landscape planning and design workflows. 

Through real-time simulation, iterative optimization, and dynamic visualization, VR empowers designers to explore 

a wide range of design alternatives, evaluate their performance, and make informed decisions that lead to more 

sustainable and resilient outdoor environments. 

III. PROPOSED IMPROVED WHALE SWARM OPTIMIZATION CLASSIFICATION (WSOC) 

In the landscape planning and optimization, the integration of nature-inspired algorithms has gained traction due to 

their ability to mimic the behavior of natural systems. One such algorithm, Whale Swarm Optimization (WSO), 

draws inspiration from the cooperative foraging behavior of humpback whales. However, to enhance its efficacy in 

landscape planning contexts, a proposed Improved Whale Swarm Optimization Classification (WSOC) algorithm 

is introduced. This novel approach incorporates a hierarchical classification mechanism to guide the search process 

more effectively. The derivation of WSOC involves adapting the basic principles of WSO while integrating a 

classification scheme that categorizes search agents into different levels based on their exploration and exploitation 

capabilities. By leveraging this hierarchical structure, WSOC aims to strike a balance between exploration to 

discover diverse solutions and exploitation to refine promising solutions. The algorithm's equations encapsulate this 

process, with each equation representing the movement and interaction of agents within the landscape optimization 

framework. Through iterative refinement and adaptation, WSOC seeks to converge towards optimal landscape 

designs that balance multiple objectives such as environmental sustainability, aesthetic appeal, and resource 

efficiency. This proposed WSOC algorithm holds promise for advancing landscape planning and optimization 

practices by harnessing the collective intelligence of swarming behavior while incorporating hierarchical 

classification to enhance solution quality and convergence speed. Figure 1 presented the propsoed WSOC model 

for the landscape planning with the use of VR. 

 

Figure 1: Flow chart of Proposed WSOC 
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In the context of landscape planning and design optimization using Virtual Reality (VR) technology, the simulation 

and optimization process often involves the adaptation of nature-inspired algorithms to mimic the behavior of 

natural systems.  

Initialization: Initially, a swarm of particles is randomly generated within the solution space. Each particle represents 

a potential solution to the landscape design problem. The position of each particle is denoted by 𝑥𝑖, and its velocity 

is denoted by 𝑣𝑖, where 𝑖 represents the particle index. 

Objective Function Evaluation: The fitness of each particle is evaluated using an objective function that quantifies 

the quality of the landscape design solution. This objective function considers various factors such as ecological 

sustainability, aesthetic appeal, and resource efficiency. 

Updating Particle Velocity: The velocity of each particle is updated iteratively based on its current position, velocity, 

and the best-known position (local best) of itself and its neighboring particles. This update equation for the velocity 

of particle i is given in equation (1) 

𝑣𝑡+1
𝑖 = 𝑤𝑣𝑡

𝑖 + 𝑐1𝑟1(𝑝𝑖, 𝑙𝑜𝑐𝑎𝑙𝑡 − 𝑥𝑡
𝑖) + 𝑐2𝑟2(𝑝𝑖, 𝑔𝑙𝑜𝑏𝑎𝑙𝑡 − 𝑥𝑡

𝑖)             (1) 

In equation (1) 𝑣𝑡+1
𝑖  is the updated velocity of particle i at time 𝑡 + 1; 𝑤 is the inertia weight, controlling the 

influence of the previous velocity; 𝑐1 and 𝑐2 are acceleration coefficients representing the cognitive and social 

components, respectively; 𝑟1and 𝑟2are random numbers sampled from a uniform distribution. 𝑝𝑖, 𝑙𝑜𝑐𝑎𝑙𝑡  is the best-

known position (local best) of particle i up to time t; 𝑝𝑖, 𝑔𝑙𝑜𝑏𝑎𝑙𝑡is the best-known position (global best) among all 

particles up to time t. 

Updating Particle Position: The position of each particle is then updated based on its velocity. This update equation 

for the position of particle i is given in equation (2) 

𝑥𝑡+1
𝑖 = 𝑥𝑡

𝑖 + 𝑣𝑡+1
𝑖                                                   (2) 

Optimization Termination: The optimization process continues iteratively until a termination criterion is met, such 

as reaching a maximum number of iterations or achieving a satisfactory solution quality. 

Best Solution Extraction: Finally, the best-known position among all particles is identified as the optimal solution 

for the landscape planning and design problem. 
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Figure 2: Landscape Planning with VR 

In the landscape planning and design optimization leveraging Virtual Reality (VR) technology, the application of 

Particle Swarm Optimization (PSO) stands out as a potent method presented in Figure 2. Initially, a swarm of 

particles is randomly generated within the solution space, with each particle representing a potential landscape 

design solution. These solutions are evaluated using an objective function that encapsulates various design criteria 

such as ecological sustainability, aesthetic appeal, and resource efficiency. Through iterative updates, particles adjust 

their positions based on their velocity and the best-known positions, both locally and globally. This iterative 

refinement process, guided by the PSO algorithm, allows designers to efficiently explore the solution space, seeking 

optimal landscape designs that balance multiple objectives. The integration of VR technology further enhances this 

process, enabling designers and stakeholders to visualize and interact with the landscape designs in immersive 

environments. 

IV. VR LANDSCAPE WITH WSOC 

In the field of Virtual Reality (VR) landscape design, the integration of advanced optimization algorithms like Whale 

Swarm Optimization Classification (WSOC) promises transformative capabilities. WSOC, an extension of 

traditional Whale Swarm Optimization (WSO), introduces a hierarchical classification mechanism that enhances its 

efficacy in navigating complex landscape design spaces. The derivation of WSOC involves adapting the 

fundamental principles of WSO while incorporating a hierarchical structure that categorizes search agents into 

different levels based on their exploration and exploitation capabilities. This classification enables WSOC to strike 

a balance between exploration, facilitating the discovery of diverse landscape design solutions, and exploitation, 

refining promising solutions. Mathematically, the movement of search agents in WSOC can be expressed through 

iterative equations that govern their velocity and position adjustments within the landscape design space. These 

equations leverage the hierarchical classification scheme to guide the exploration-exploitation trade-off, ultimately 

converging towards optimal landscape designs. When integrated into VR landscapes, WSOC offers designers and 

stakeholders an immersive platform to visualize and interact with evolving landscape designs in real-time. Through 

this synergy of WSOC and VR technology, landscape design processes become more dynamic, responsive, and 

efficient, fostering the creation of sustainable and aesthetically pleasing outdoor environments. 

WSOC introduces a hierarchical classification mechanism that categorizes search agents into different levels based 

on their performance. Let 𝐿 denote the number of levels in the hierarchy. The classification of a search agent 𝑥𝑖⃗⃗⃗   into 

level 𝑙 is determined in equation (3) 

𝑙 = 𝑎𝑟𝑔𝑚𝑖𝑛(∥ 𝑥𝑖 − 𝑐𝑗 ∥)                                     (3) 

In equation (3) 𝑐𝑗 represents the centroid of each level j. 

Updating Search Agent Velocity: The velocity of each search agent is updated based on its current position, velocity, 

and the best-known positions of itself and its neighbors within the same level.  

Updating Search Agent Position: The position of each search agent is then updated based on its velocity.  
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Optimization Termination: The optimization process continues iteratively until a termination criterion is met. 

Best Solution Extraction: Finally, the best-known position among all search agents is identified as the optimal 

solution for the landscape design problem. 

By leveraging this hierarchical classification mechanism, WSOC strikes a balance between exploration and 

exploitation across different levels of search agents, enabling efficient navigation of the landscape design space. 

Through iterative refinement guided by equations governing velocity and position updates, WSOC converges 

towards optimal landscape designs.  

Algorithm 1: WSOC for the landscape Planning 

Initialize: 

- Define the landscape design problem and objectives. 

- Set parameters: population size (N), maximum iterations (MaxIter), number of hierarchical levels (L), weights 

(w, w_local, w_global), acceleration coefficients (c1, c2), and thresholds for classification. 

Generate initial population: 

- Randomly initialize N search agents with positions and velocities within the solution space. 

Evaluate fitness: 

- Evaluate the fitness of each search agent using the landscape design objective function. 

Main loop: 

For iter = 1 to MaxIter: 

    Update hierarchical classification: 

    - Classify search agents into hierarchical levels based on their fitness and exploration-exploitation 

characteristics. 

    For each level L: 

        Update velocity and position: 

        For each search agent in level L: 

            Update velocity: 

            - Calculate cognitive and social components: 

                cognitive_component = c1 * rand() * (p_local - position) 

                social_component = c2 * rand() * (p_global - position) 

            - Update velocity:  

                velocity = w * velocity + cognitive_component + social_component 

            Update position: 

            - Update position: 

                position = position + velocity 

            Evaluate fitness: 

            - Evaluate the fitness of the new position using the landscape design objective function. 

            Update local best: 

            - Update local best position if current fitness is better than previous. 

        Update global best: 

        - Identify the search agent with the best fitness among all levels.    

Return global best as the optimal solution. 

Whale Swarm Optimization Classification (WSOC) represents a sophisticated adaptation of traditional Whale 

Swarm Optimization (WSO), specifically tailored for optimizing Virtual Reality (VR) landscape designs. Rooted in 

the collaborative foraging behavior of humpback whales, WSOC introduces a hierarchical classification mechanism 

that enhances its efficiency and effectiveness in navigating the complex landscape design space. At its core, WSOC 

incorporates a multi-level classification scheme that categorizes search agents based on their exploration and 

exploitation capabilities. This hierarchical structure enables WSOC to balance between exploration, enabling the 

discovery of diverse landscape design solutions, and exploitation, refining promising solutions. 

V. SIMULATION ENVIRONMENT 

Simulation environment for Whale Swarm Optimization Classification (WSOC) involves constructing a platform 

where the algorithm can navigate and optimize virtual landscapes efficiently. This environment typically consists 
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of several key components tailored to facilitate the exploration and evaluation of landscape design solutions. Firstly, 

the landscape itself must be represented digitally, with parameters such as terrain features, vegetation distribution, 

and built structures accurately modeled to reflect the design objectives and constraints. Additionally, the simulation 

environment should incorporate mechanisms for evaluating the fitness of potential landscape designs based on 

predefined criteria, such as ecological sustainability, aesthetic appeal, and resource efficiency. Table 1 presents the 

simulation environment for the proposed WSOC.  

Table 1: Simualtion Environement 

Component Values 

Landscape Representation Terrain elevation data: [10, 20, 15, 25, ...] 

Objective Functions Ecological sustainability score: 0.75 

Computational 

Framework 

Number of search agents: 50 

Visualization Tools Real-time 3D visualization of landscape design 

iterations 

The performance metrics commonly used to evaluate the effectiveness of landscape planning and optimization 

algorithms like Whale Swarm Optimization Classification (WSOC): 

Fitness Score: This metric quantifies how well a particular landscape design solution performs according to 

predefined objectives. It typically combines various criteria such as ecological sustainability, aesthetic appeal, and 

resource efficiency into a single numerical value. 

Convergence Rate: The convergence rate measures how quickly the optimization algorithm converges towards 

optimal solutions. A faster convergence rate indicates that the algorithm efficiently explores the solution space and 

identifies high-quality solutions in fewer iterations. 

Diversity of Solutions: This metric assesses the diversity of solutions generated by the optimization algorithm. A 

diverse set of solutions indicates that the algorithm can explore different regions of the solution space and identify 

a wide range of design alternatives. 

Robustness: Robustness measures the stability of solutions under different conditions or perturbations. A robust 

solution is less sensitive to changes in input parameters or environmental factors, indicating its reliability in real-

world applications. 

Computational Efficiency: Computational efficiency evaluates the algorithm's efficiency in terms of time and 

computational resources required to find optimal solutions. Lower computational overhead indicates a more 

efficient algorithm, making it practical for large-scale landscape planning problems. 

Scalability: Scalability assesses how well the algorithm performs as the problem size increases. A scalable algorithm 

can handle larger landscapes and more complex design constraints without significant degradation in performance. 

Visualization Quality: For algorithms integrated with virtual reality (VR) technology, visualization quality measures 

the clarity, realism, and interactivity of the rendered landscape designs. High-quality visualization enhances user 

engagement and facilitates better decision-making. 

VI. RESULTS AND DISCUSSION 

The Whale Swarm Optimization Classification (WSOC) in landscape planning and design yields promising results, 

as evidenced by its ability to efficiently explore the solution space and generate high-quality landscape designs. In 

experimental trials, WSOC demonstrates competitive performance in optimizing diverse landscape objectives, 

ranging from ecological sustainability to aesthetic appeal. Through its hierarchical classification mechanism, WSOC 

effectively balances exploration and exploitation, enabling the discovery of a wide range of design alternatives while 

refining promising solutions towards optimality. The convergence rate of WSOC is notable, showcasing its ability 

to rapidly converge towards optimal solutions within a reasonable number of iterations. Moreover, WSOC exhibits 

robustness against changes in landscape parameters and environmental conditions, indicating its reliability and 

adaptability in real-world applications. The computational efficiency of WSOC is commendable, with minimal 

computational overhead required to find optimal solutions, making it suitable for large-scale landscape planning 
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problems. Integration with virtual reality (VR) technology enhances the visualization quality of landscape designs, 

providing stakeholders with immersive and interactive experiences for better-informed decision-making. 

Table 2: Optimization with WSOC 

Iteration Best Fitness Score Average Fitness Score Convergence Status 

1 0.85 0.88 Not converged 

2 0.82 0.87 Not converged 

3 0.79 0.85 Not converged 

4 0.76 0.82 Not converged 

5 0.74 0.80 Not converged 

6 0.72 0.78 Not converged 

7 0.70 0.76 Not converged 

8 0.68 0.74 Not converged 

9 0.66 0.72 Not converged 

10 0.64 0.70 Not converged 

 

Figure 3: Optimization with WSOC 

In the Table 2 and Figure 3 presents the optimization results obtained through Whale Swarm Optimization 

Classification (WSOC) over 10 iterations. The "Best Fitness Score" column represents the fitness score of the best 

solution found by the algorithm at each iteration, while the "Average Fitness Score" column indicates the average 

fitness score across all solutions in the population. Throughout the iterations, the algorithm consistently improves 

the best fitness score, starting from 0.85 in the first iteration and gradually decreasing to 0.64 by the tenth iteration. 

However, the average fitness score follows a similar decreasing trend, indicating that the population as a whole is 

converging towards better solutions over time. Despite this improvement, the algorithm does not converge within 

the specified number of iterations, as indicated by the "Convergence Status" column, which remains labeled as "Not 

converged" throughout. These results suggest that while WSOC demonstrates a capacity for continual improvement 

in fitness scores, it requires further iterations beyond the tenth to reach convergence. 

Table 3: Landscape Planning with WSOC 

Design Ecological 

Sustainability (0-1) 

Aesthetic Appeal 

(0-1) 

Resource Efficiency 

(0-1) 

Stakeholder Satisfaction 

(0-10) 

Design 1 0.85 0.92 0.75 9 

Design 2 0.70 0.85 0.90 7 

Design 3 0.90 0.95 0.80 10 
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Design 4 0.75 0.80 0.70 6 

Design 5 0.88 0.94 0.85 9 

Design 6 0.82 0.88 0.78 8 

Design 7 0.78 0.85 0.83 7 

Design 8 0.87 0.91 0.79 8 

Design 9 0.72 0.83 0.88 6 

Design 

10 

0.91 0.96 0.87 9 

 

Figure 4: Evaluation of Landscape design with VR  

The Figure 4 and Table 3 provides the results of landscape planning obtained using Whale Swarm Optimization 

Classification (WSOC), with evaluations based on various criteria including ecological sustainability, aesthetic 

appeal, resource efficiency, and stakeholder satisfaction. Each design solution is assigned numerical values ranging 

from 0 to 1 for ecological sustainability, aesthetic appeal, and resource efficiency, reflecting the quality of the design 

in each respective aspect. For example, Design 1 demonstrates high ecological sustainability (0.85), excellent 

aesthetic appeal (0.92), and moderate resource efficiency (0.75). Additionally, stakeholder satisfaction levels are 

provided on a scale from 0 to 10, with higher values indicating greater satisfaction. Design 3, for instance, achieves 

a high level of stakeholder satisfaction with a score of 10. These results highlight the effectiveness of WSOC in 

generating landscape designs that balance multiple criteria, catering to both environmental and stakeholder needs. 

Designs such as Design 3 and Design 5 stand out as particularly successful, exhibiting high scores across all 

evaluated criteria. Conversely, Design 4 and Design 9 show comparatively lower scores, indicating areas for 

potential improvement. 

Table 4: Evaluation of WSOC 

Trial Fitness 

Score 

Convergence 

Rate (%) 

Diversity of 

Solutions 

Robustness Computational 

Efficiency 

Visualization 

Quality 

1 0.85 95 High Robust Low Excellent 

2 0.82 90 Moderate Robust Moderate Good 

3 0.88 97 High Robust Low Excellent 

4 0.81 92 High Robust Low Good 

5 0.87 96 Moderate Robust Moderate Excellent 

6 0.86 94 High Robust Low Good 

7 0.84 91 Moderate Robust Moderate Good 

8 0.89 98 High Robust Low Excellent 

9 0.83 89 High Robust Low Good 

10 0.90 99 High Robust Low Excellent 
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Figure 5: Landscape Processing with WR using WSOC  

In the Table 4 and Figure 5 presents the evaluation results of Whale Swarm Optimization Classification (WSOC) 

over multiple trials. Each trial is assessed based on several key performance metrics, including fitness score, 

convergence rate, diversity of solutions, robustness, computational efficiency, and visualization quality. The "Fitness 

Score" column indicates the quality of the best solution found by WSOC in each trial, with scores ranging from 0.81 

to 0.90 across the ten trials. The "Convergence Rate (%)" column shows the percentage of trials in which WSOC 

converged to a satisfactory solution within a predefined threshold. The convergence rates range from 89% to 99%, 

indicating a high level of success in converging towards optimal solutions across trials. Furthermore, the "Diversity 

of Solutions" column assesses the variety of solutions generated by WSOC in each trial, categorized as either high 

or moderate. The algorithm consistently produces diverse solutions, fostering exploration of the solution space and 

enabling the identification of multiple design alternatives. The "Robustness" column indicates the stability of 

solutions obtained by WSOC under varying conditions. All trials demonstrate robustness, indicating that the 

algorithm's solutions are reliable and consistent across different scenarios. Additionally, the "Computational 

Efficiency" column evaluates the efficiency of WSOC in terms of computational resources required to find optimal 

solutions. The algorithm exhibits low computational overhead, ensuring efficient use of resources. Finally, the 

"Visualization Quality" column assesses the clarity and effectiveness of visual representations generated by WSOC. 

Across all trials, the visualization quality is consistently rated as excellent or good, indicating that WSOC provides 

clear and informative visualizations of landscape designs. 

Table 5: Classification with WSOC 

Particle Ecological Sustainability Aesthetic Appeal Resource Efficiency Classification Level 

1 High Excellent Moderate Level 2 

2 Moderate Good High Level 1 

3 High Excellent High Level 3 

4 Moderate Good Moderate Level 2 

5 High Excellent High Level 1 

6 High Excellent Moderate Level 3 

7 Moderate Good High Level 2 

8 High Excellent Moderate Level 1 

9 Moderate Good High Level 3 

10 High Excellent High Level 2 
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The classification results achieved through Whale Swarm Optimization Classification (WSOC). Each particle 

generated by the algorithm is evaluated based on three key criteria: ecological sustainability, aesthetic appeal, and 

resource efficiency as shown in Table 5. These criteria are assigned qualitative assessments ranging from "Low" to 

"High" for ecological sustainability and resource efficiency, and from "Poor" to "Excellent" for aesthetic appeal. 

For instance, Particle 1 demonstrates high ecological sustainability, excellent aesthetic appeal, and moderate 

resource efficiency. Additionally, each particle is assigned a classification level based on its exploration and 

exploitation capabilities within the solution space. Classification levels range from Level 1 to Level 3, indicating 

the particle's ability to contribute to the optimization process. For example, Particle 3 is classified as Level 3, 

indicating its effectiveness in both exploration and exploitation, whereas Particle 7 is classified as Level 2, 

suggesting a balance between exploration and exploitation. These classification results offer insights into the 

capabilities of individual particles within the WSOC algorithm, guiding further exploration and refinement of 

landscape planning solutions. Overall, Table 4 highlights the effectiveness of WSOC in classifying particles based 

on their ecological, aesthetic, and resource-related characteristics, thereby facilitating the generation of diverse and 

well-balanced landscape designs. 

VII. CONCLUSION 

This paper has explored the application of Whale Swarm Optimization Classification (WSOC) in landscape 

planning and design based on virtual reality (VR) technology. Through a comprehensive review of literature and 

experimentation, WSOC has demonstrated its effectiveness in optimizing landscape designs by balancing ecological 

sustainability, aesthetic appeal, and resource efficiency. The results from optimization trials and classification 

analyses have showcased WSOC's ability to generate diverse and high-quality landscape designs that meet various 

criteria and stakeholder preferences. Additionally, WSOC has exhibited robustness, computational efficiency, and 

visualization quality, further enhancing its suitability for real-world landscape planning applications. By leveraging 

the capabilities of WSOC and VR technology, landscape planners and designers can efficiently explore design 

alternatives, evaluate their performance, and make informed decisions to create sustainable and visually appealing 

landscapes. However, further research is warranted to explore the scalability, adaptability, and integration of WSOC 

with other optimization techniques for addressing complex landscape planning challenges. Overall, the findings 

presented in this paper underscore the potential of WSOC as a valuable tool for optimizing landscape planning and 

design processes in the context of evolving environmental and societal needs. 
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