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Abstract: EcoGen is an Al-driven application planned to revolutionize generative scene plan by
coordination Google’s Generative Al API and leveraging the Gemini Al suite. It permits clients to
characterize key parameters such as landscape highlights, plant species, and climate conditions, producing
environmentally adjusted and outwardly compelling 3D scene models. At its center, EcoGen utilizes
Generative Antagonistic Systems (GANs) to make feasible and versatile plan arrangements. Built with
Python and Streamlit, the stage guarantees an instinctive, intuitively encounter custom-made for scene
planners, urban organizers, and natural architects looking for inventive and feasible approaches to urban
and common spaces.
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L. INTRODUCTION
1.1 Overview

1. EcoGen is an imaginative scene plan device that tackles the control of Generative Antagonistic Systems
(GANSs) to make practical 3D models of urban green spaces, such as parks and gardens. What makes EcoGen
stand out is its capacity to take user-defined inputs—Iike plant species, territory highlights, and climate
conditions—and produce point by point, customized scene plans. This permits designers and organizers to
visualize green spaces custom fitted particularly to nearby natural conditions and client preferences.

2. A key quality of EcoGen is its capacity to recreate vital natural components such as climate, water
administration, and biodiversity. By consolidating these components, the framework goes past aesthetics to
make scenes that are biologically adjusted and versatile. This makes EcoGen especially important for tending
to urban challenges like water preservation, biodiversity improvement, and climate adaptation—helping cities
gotten to be more economical and way better prepared to handle natural pressures.

3. GANs empower EcoGen to learn from endless datasets of real-world scenes, ceaselessly moving forward its
capacity to create plans that closely mirror common environments. This not as it were upgrades the visual
request of urban situations but too guarantees usefulness, advertising inventive arrangements for city arranging
and green infrastructure.

4. As cities hook with the developing challenges of climate alter and populace extension, EcoGen gives a
effective Al-driven device that quickens the plan prepare whereas supporting feasible, biologically capable
scenes. Its capacity to produce versatile plans based on both natural and human needs opens modern
conceivable outcomes for designers and urban organizers looking to make bearable, green urban spaces.

5. Beyond plan era, EcoGen coordinating progressed 3D visualization fueled by Three.js, permitting clients to
intuitiveness investigate and refine scene models in genuine time. This web-based rendering gives an
immersive encounter for partners, making it less demanding to assess and alter plans some time recently
execution. The combination of Al-powered scene era and real-time visualization makes EcoGen a
groundbreaking instrument for the future of economical urban design.

1.2 Problem Statement
The developing intrigued in Al-driven arrangements for scene design highlights the require for devices that are both
productive and simple to utilize whereas supporting maintainable and versatile plan. Conventional strategies frequently
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depend on manual forms, require critical specialized skill, or fall flat to adjust powerfully to natural and environmental

factors.

This venture presents EcoGen, an Al-powered generative plan framework pointed at overcoming these challenges.
EcoGen is planned to:
e  Generate environmentally adjusted and outwardly practical 3D scene models.

e Incorporate natural information, such as climate conditions and landscape highlights, into the plan process.

e Offer an instinctive and user-friendly interface, making it available for scene planners, urban organizers, and
natural architects, notwithstanding of their specialized background.

1.3 Objectives
e Develop an Al-driven scene plan apparatus — Construct EcoGen to make versatile and feasible scene plans
utilizing counterfeit intelligence.

e Enhance client encounter — Plan an instinctive, easy-to-use interface that permits consistent interaction with
Al-generated scene models.
e Leverage progressed Al models — Utilize Generative Ill-disposed Systems (GANs) and the Google Generative
AI API to produce high-quality scene designs.

e Incorporate natural information — Coordinated climate, territory, and biological components to guarantee
practical and economical scene solutions.

e Support Al-powered decision-making — Give real-time input and optimization highlights to help scene
modelers, urban organizers, and natural originators in making educated choices.

II. LITERATURE REVIEW

Author(s) | Year | Title Key Findings Methodology Applications

Smith et | 2020 | Generative Explored how generative | Case studies, | Urban  parks,

al. Approaches in | design benefits ecological | algorithm analysis sustainable
Landscape Design landscapes. landscapes

Johnson 2021 | Ecological Highlighted the importance | Simulation models, | Habitat

& Lee Considerations in | of integrating ecological data | ecological metrics restoration,
Generative Design into landscape design. biodiversity

Wang et | 2022 | Algorithmic  Design | Developed algorithms aimed | Computational Climate

al. for Resilient | at  improving  landscape | modeling, GIS adaptation
Landscapes resilience. strategies

Patel & | 2023 | Data-Driven Examined how big data | Data analytics, | Urban planning,

Wong Approaches in | influences landscape design | machine learning ecological
Landscape Ecology and planning. corridors

Kim & | 2021 | Generative Landscape | Reviewed existing tools and | Literature review, | Landscape

Park Systems: A Review technologies in generative | tool comparison architecture,

landscape design. site planning

Green et | 2020 | Sustainable Design via | Investigated how generative | Experimental Ecotourism,

al. Generative design contributes to | design, field studies | community
Techniques sustainability. spaces

Martinez | 2022 | Collaborative Emphasized the role of | Participatory Community

& Zhao Generative Design | stakeholder participation in | design, workshops gardens, public
Strategies generative design processes. spaces

Liuetal. | 2023 | Hybrid Models in | Proposed integrating AI with | Hybrid modeling, | Smart cities,
Generative Landscape | ecological data for enhanced | algorithm testing green
Design design outcomes. infrastructure
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III. METHODOLOGY
Defining the Problem
The objective of EcoGen is to make an Al-powered device that creates feasible 3D scenes custom fitted to user-defined
inputs. By leveraging Al, the application will plan environmentally adjusted situations based on parameters like
territory, vegetation, and climate conditions.
Data Collection
To prepare the Al models successfully, the extend will accumulate different datasets, counting climate records,
topographic maps, GIS information, and biological designs. These datasets will give a solid establishment for producing
practical and naturally sound landscapes.
Choosing the Right AT Models
The center of EcoGen’s scene era will be fueled by Generative Antagonistic Systems (GANs), guaranteeing tall
authenticity in plan yields. Also, NLP models will be utilized to handle client inputs, empowering consistent
interaction. Show choice will prioritize precision, proficiency, and biological viability.
Training the AI Models
The collected datasets will be utilized to prepare the Al models, refining them to produce scene plans that follow to
maintainability standards and urban arranging benchmarks. Persistent fine-tuning will progress the model’s capacity to
make biologically mindful landscapes.
Application Development
EcoGen will be created utilizing Python and Streamlit, coordination Al models to empower real-time, generative scene
visualization. This approach will guarantee a responsive and intuitively client experience.
User Interface Design
The application will include an natural UI where clients can input scene parameters such as climate, landscape sort, and
plant inclinations. The interface will give real-time visualizations, permitting clients to associated with and refine their
plans dynamically.
Testing and Validation
Comprehensive testing will be conducted to guarantee EcoGen capacities as anticipated. Scene eras will be assessed
beneath distinctive natural scenarios, with comes about evaluated for environmental exactness and adherence to feasible
plan principles.
Measuring Performance
Success will be measured through key execution markers (KPIs) such as:
e Realism of created designs

Ecological feasibility

Computational efficiency

User satisfaction

Deployment and Documentation

Once completely created, EcoGen will be sent as a cloud-based application, making it available to scene

designers and urban organizers. A nitty gritty documentation prepare will capture improvement steps, Al

setups, and framework conditions for future improvements.
Ongoing Maintenance and Support
Continuous overhauls will improve EcoGen’s capabilities, joining client criticism and the most recent progressions in
Al-driven scene plan. Standard upkeep will guarantee ideal execution and convenience over time.

IV. SYSTEM DESIGN
4.1 System Components
4.1.1 User Interface (Frontend):
1. Streamlit Application: Gives a user-friendly interface for consistent interaction with EcoGen’s scene plan system.
2. Input Areas: Permits clients to characterize key plan parameters such as plant species, territory sort, and climate

conditions.
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3. Buttons & Controls: Empowers clients to yield inputs, change formats, and visualize Al-generated 3D scenes in
genuine time.

4.1.2 Backend Logic (Processing Layer):

1. Core Application Script (main.py): Acts as the central center, overseeing client intuitive and planning Al processes.
2. Generative Scene Module (landscape gen.py): Changes client inputs into optimized scene plans utilizing GANs and
rule-based algorithms.

3. Environmental Investigation Module (env_analysis.py): Assesses landscape highlights, climate reasonableness, and
biological adjust to refine scene outputs.

4.1.3 Gemini AI Model Integration:

Generative Antagonistic Systems (GANs): Powers the Al-driven scene era, creating reasonable and environmentally
sound 3D models.

2. Rule-Based Calculations: Fortifies key environmental standards by directing territory examination, water
administration, and vegetation placement.

4.1.4 Secure Environment Variables:
API Authentication: Protects access to Al services using securely stored API keys and cloud-based authentication.

4.1.5 Data Handling and State Management:
* Session Administration: Jam client inputs and past plan cycles, permitting for iterative advancements and refinements.

4.2 Interaction Flow:

4.2.1 User Engagement:

* Users get to the application through a web browser.

* They customize plan parameters such as landscape sort, climate conditions, and plant choice to create Al-assisted
scene designs.

4.2.2 Backend Processing Workflow:

* The backend forms client inputs and decides the ideal AT workflow.

* Generative Scene Module: Makes point by point 3D scene models based on client specifications.

 Environmental Investigation Module: Surveys the biological adjust, maintainability measurements, and landscape
compatibility of the design.

4.2.3 Al Model Interaction:

* The framework coordinating GAN’s and rule-based rationale to refine the scene design.

* Environmental Appraisal: Assesses climate conditions, water maintenance, and biodiversity.
* Design Optimization: Fine-tunes the scene for maintainability, versatility, and stylish appeal.

4.2.4 Response Delivery:
The Al-generated 3D scene is shown in an intelligently visualization utilizing Three.js.
Users can refine their plans by adjusting input parameters and accepting real-time upgrades to their 3D models.
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V. RESULTS & ANALYSIS

1. Input Collection:

First, the user provides all the necessary details—Ilike the size of the site, terrain shape, climate conditions, types of
plants they prefer, and what kind of features they want (like a house, garden, or pathways). This is done through a
simple web interface built with Python tools like Django or Flask.

2. GAN-Based Layout Generation:
Once the inputs are collected, our system uses a Generative Adversarial Network (GAN) to create a basic 2D layout.

This layout includes zones like rooms, open areas, gardens, and paths. The GAN has been trained on example data, so it
knows how to generate realistic and functional site plans.
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3. Procedural Geometry Modeling:
Next, the 2D layout is transformed into a 3D model. Using Blender’s Python API, we generate walls, rooms, floors, and
other architectural elements based on procedural modeling rules. This gives us a rough 3D structure of the design.

4. Object & Furniture Placement:

Now that we have the structure, the system automatically adds objects like furniture, doors, windows, and outdoor
features. It uses logic to decide where things go—for example, placing chairs around a table or a bed in the bedroom.
These objects come from a pre-made asset library.

5. Stylized Rendering:

After the space is furnished, we make it visually appealing by applying a specific art style—like a low-poly or cartoon
look. We combine parts like roofs, balconies, and stairs, and then add colors, materials, and lighting to bring the scene
to life.

6. Export & Visualization:
Finally, the finished 3D model is exported in formats like .glb or .gltf, so it can be viewed online or used in
presentations. We can even use tools like Three.js to make it interactive on the web.
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VI. CONCLUSION
EcoGen: Generative Scene Plan grandstands how Al can revolutionize scene engineering by robotizing and optimizing
plan forms. Utilizing Generative Antagonistic Systems (GANs) nearby rule-based calculations, EcoGen makes feasible,
environmentally adjusted, and outwardly engaging 3D scene models. With real-time natural examination and
intelligently visualization, it gives scene modelers, urban organizers, and natural originators with profitable
experiences, making a difference them make well-informed choices that consider climate conditions, landscape
highlights, and biodiversity.

Future Work

Looking ahead, EcoGen has colossal potential for development and development. Future improvements might include:
Advanced Maintainability Measurements — Coordination carbon impression investigation, water maintenance
modeling, and biodiversity affect appraisals to give a more comprehensive assessment of scene designs.

Real-Time GIS and Climate Information — Empowering EcoGen to adjust powerfully to real-world natural conditions
and climate alter projections for more responsive and flexible designs.

Enhanced Generative Al Models — Refining GANs to way better capture the complexity of characteristic scenes and
consolidating parametric plan methods for more noteworthy customization.

Multi-Modal AI Capabilities — Extending usefulness to incorporate voice-based inputs, expanded reality (AR)
visualization, and intelligently geospatial modeling for a more immersive client experience.

Scalability and Cloud-Based Sending — Optimizing EcoGen for large-scale urban arranging ventures, guaranteeing
consistent execution over different scenes and regions.

Integration with GIS data for terrain-aware modeling

Climate simulation overlays (e.g., rainfall impact, solar angles)

Export support for game engines (Unity, Unreal)

Multi-building or neighborhood-level generation

Real-time prompt tuning with visual feedback loop

By coordination these progressions, EcoGen can thrust the boundaries of maintainable scene plan, driving climate
strength, environmental rebuilding, and naturally versatile urban spaces.
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