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Abstract—Urban capes is an interactive city simulation 
tool designed to assist urban planners in creating sustainable 
city designs. It features procedural city generation using a 
random walk algorithm, allowing for dynamic and diverse 
urban layouts. The platform integrates 3D visualization with 
real-time metric overlays, providing insights into energy 
consumption, pollution levels, and happiness indices. This 
innovative approach bridges the gap between city visualization, 
simulation, and data analytics, empowering planners to design 
more efficient and sustainable urban environments. This 
project show cases an interactive 3D city generator, enabling 
urban planners to visualize and simulate sustainable designs. 
Using procedural generation and customizable layouts, the tool 
creates diverse cityscapes while integrating dynamic heat maps 
to display metrics like energy consumption, pollution levels, 
and happiness indices. These metrics are updated based on 
user-defined parameters and city configurations, allowing 
planners to instantly see the effects of their decisions. For 
instance increasing green zones may lead to improved 
happiness and reduced pollution, which are immediately 
reflected on the city’s heat map. The Development of plans 
using modern technologies such as Three.js, Web-GL, and 
Blender, the platform utilizes procedural city generation 
techniques to create dynamic, customizable urban layouts. n 
summary, UrbanScapes bridges the gap between traditional 
urban planning tools, simulation engines, and modern data 
visualization. By combining procedural generation, interactive 
3D rendering, and real-time analytics, the platform offers a 
powerful, accessible, and future-focused environment for 
designing cities that are not only technically sound but also 
aligned with sustainability goals and human well-being.. 

Keywords— Urban planning, 3D visualization, procedural city 
generation, real-time simulation, sustainability metrics, pollution 
heat map, energy consumption, happiness index. 

I. INTRODUCTION 

Urban planning has always been a crucial aspect of modern 
civilization, shaping the way cities grow and develop. 
Traditional urban planning methods primarily rely on 
architectural blueprints, GIS data, and static 3D models, which 
provide limited interactivity and lack real-time feedback. With 
the increasing complexity of urban environments and the rising 
demand for sustainable and efficient city planning, the need for 
an intelligent, data-driven, and highly interactive platform has 
become more evident. Conventional tools such as AutoCAD, 
GIS software and BIM (Building Information Modeling) allow 
planners to design city layouts but fail to incorporate real-time 
environmental insights like pollution levels, energy efficiency, 
and overall livability metrics. As a result, urban designers and 
researchers face significant challenges in assessing the long-

term impact of their plans before execution. 
To address these challenges, UrbanScapes has been developed as 
a next-generation 3D urban simulation tool that combines 
procedural city generation, interactive visualization, and 
environmental heat maps. This platform enables urban planners, 
researchers, and architects to experiment with different city 
layouts, assess sustainability factors, and make data-driven 
decisions in real time. Unlike traditional city modeling 
approaches, UrbanScapes is a web- based interactive platform 
that allows users to customize city elements dynamically, adjust 
layouts effortlessly, and integrate real-time data overlays for 
urban analytics.  
By leveraging modern technologies such as Three.js, Blender, 
and Web-GL, this system ensures a smooth and visually 
appealing user experience, making urban planning more 
efficient, accessible, and adaptable to real-world scenarios. The 
rapid pace of urbanization in the 21st century has created an 
urgent need for smarter, more sustainable approaches to city 
planning. With increasing demands on infrastructure, energy, 
and environmental resources, urban planners are tasked with 
designing cities that are not only efficient and functional but also 
resilient, inclusive and adaptable to future challenges. 
Traditional planning methods often reliant on static maps, 
manual drawings, and isolated data sets struggle to keep pace 
with the complexity and dynamism of modern urban 
environments. This is where digital simulation and visualization 
tools can play a transformative role. Urbanization is accelerating 
at an unprecedented rate across the globe. According to United 
Nations projections, nearly 70% of the world’s population will 
live in urban areas by 2050 as shown in figure 1. This 
demographic shift presents both immense opportunities and 
complex challenges ranging from housing shortages and traffic 
congestion to pollution, energy demands, and infrastructure 
strain. In this context, urban planning has evolved into a highly 
data-driven and multidisciplinary domain that must respond to 
diverse and dynamic needs. 

 
Fig1. Urbanization in Modern Era 
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Traditional urban planning methods, which rely heavily on 2D 
maps, paper-based models, and disconnected data analytics, 
often fall short in capturing the spatial, environmental, and 
social complexities of modern cities. These approaches are not 
only time-consuming but also static, making it difficult to 
visualize future outcomes or explore alternative layouts 
efficiently. Moreover, the lack of real-time feedback and 
simulation capabilities limits planner’s ability to make 
informed decisions that balance development with 
sustainability. To address these challenges, UrbanScapes 
introduces a new paradigm in city design an interactive, 
browser-based 3D simulation platform that enables the 
generation, visualization, and evaluation of city models in real-
time. It integrates the power of procedural generation 
algorithms, particularly the random walk algorithm, to 
automatically generate diverse and lifelike urban layouts. This 
reduces manual design overhead while allowing for 
experimentation with different urban forms, zoning strategies, 
and infrastructure arrangements. The platform also encourages 
participatory planning. By simplifying access and providing 
clear visual feedback, UrbanScapes empowers stakeholders 
including local governments, citizens, NGOs, and educational 
institutions to be actively involved in the planning process. 
Whether used for academic purposes, governmental 
simulations, or public engagement, the tool fosters 
transparency, collaboration, and innovation. Historically, urban 
design involved manual zoning, paper-based layouts, and 
planning heuristics developed from years of localized 
experience. While foundational, these approaches lack the 
agility and adaptability required in today’s rapidly changing 
socio-environmental landscape. 

II. METHODOLOGY 

 
Fig2. Architectural Stack of Urban 3D Planning 

The System Architecture as in figure 2 consists of four main 
layers such as Input, Processing, Visualization, and Data. The 
IInnppuutt  LLaayyeerr captures user inputs for camera and building 
controls using Orbit Controls and Pointer Lock Controls. The 
PPrroocceessssiinngg  LLaayyeerr handles scene creation, geometry, and 
material updates, ensuring dynamic rendering. The 

VViissuuaalliizzaattiioonn  LLaayyeerr leverages the Three.js Rendering Engine to 
generate 3D environments with buildings and roads. The DDaattaa  
LLaayyeerr processes metrics and overlays heat maps on the 
visualization for analysis. The methodology adopted in the 
development of UrbanScapes follows a systematic, modular 
approach that integrates procedural generation, real-time 
visualization and interactive simulation. 

III. METHODOLOGY 

In this work we proposed architecture aligned stacked 
optimization layers. Each layer significantly supports enhanced 
tools and mechanisms to develop urban 3D spaces along with 
meaningful information extraction. The simulators provide 
greater flexibility for planning. Keeping in mind environmental 
factors various productivity maps scheduled for alternative 
planning model assessments. With adoption of machine learning 
techniques this platform offers good decision support to reach 
milestones in real-time projects quickly. Highly interactive 
platform offers optimization in projecting visualizations and 
focusing over sustainability goals. In future VR/AR models 
integration with AI-Driven self governance enhances the 
platform more productive to designers. Looking forward, the 
integration of AI-driven predictive analytics, VR/AR-based 
immersive simulations, and expanded environmental impact 
assessments will take Urban scape to the next level of intelligent 
urban planning. These advancements will ensure that urban 
designers, architects, and policymakers have access to a future-
ready planning tool that is both highly interactive and 
scientifically robust. With these planned enhancements, 
UrbanScapes is set to become a leading digital solution for 
sustainable and data-driven city planning in the years to come. 
By allowing users to visualize key environmental factors like 
pollution, energy use, and overall livability through interactive 
heat maps, the platform helps support more informed and 
responsible urban planning decisions. 

IV. WORKFLOW 

The simulation environment subjected to testing over UI 
responsiveness and city generation with metric updates. Various 
validations applied to check the operation wellness in 3D space 
visualization generations with accuracy. The UrbanScapes 
platform was successfully implemented as a fully functional, 
browser-based interactive 3D simulation tool for urban planning.  

 
Fig3. Procedural 3D urban space simulation 

The core functional modules are: 
PPrroocceedduurraall  CCiittyy  GGeenneerraattiioonn:: Cities of varying sizes and 
densities were dynamically generated using a random walk 
algorithm. 
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HHeeaatt  mmaapp  IInntteeggrraattiioonn:: Pollution levels, energy consumption, 
and happiness indices were visualized as real- time overlays. 
These overlays update distantly based on city modifications. 
RReeaall--TTiimmee  IInntteerraaccttiivviittyy:: Users were able to drag, drop or 
modify buildings and roads interactively. UI controls such as 
sliders, dropdowns, and toggles responded fluidly. The 
UrbanScapes 3D Simulation System acts as the entry point for 
users to begin designing and analyzing urban layouts. It 
features a clean and modern interface with a welcoming visual 
theme that reflects futuristic city planning. At the center, a 
prominent title ‘URBANSCAPES’ communicates the system’s 
identity, accompanied by a concise tagline emphasizing real-
time simulation and interactive 3D modeling. 

 
Fig4. Heat Map representing Greenery zones in Urban 

 
Fig5. Heat Map representing various zones in Urban 

The heat map in the UrbanScapes 3D Simulation System 
provides a powerful visual representation of key environmental 
metrics such as pollution levels, energy consumption, and 
happiness index. It overlays color-coded data onto the 3D city 
layout, allowing users to intuitively identify areas of concern or 
improvement. Each building or block is assigned as hade based 
on metric intensity typically using red for high pollution, 
orange for high energy usage and green for high livability or 
happiness as shown in figure 5.  
Challenges in Simulation 3D UrbanSpace System are 
Urban planning tools currently in use suffer from several key 
limitations that restrict their effectiveness in modern city 
development. Existing tools primarily focus on structural 
layouts without considering real-time environmental factors 
such as pollution, energy consumption, and quality of life 
metrics. Moreover, static blueprints and traditional CAD 
models lack interactive feedback, making it difficult for 
planners to experiment and optimize their designs efficiently.  

The current urban planning tools and systems face several 
limitations that hinder their effectiveness in dynamic and 
sustainability-focused urban development. Traditional software 
platforms like CAD, BIM, and GIS are static, costly, and require 
a high degree of technical expertise, which limits their 
accessibility, especially in academic settings or resource-
constrained environments. 

 
Fig6. Super-Map representation with GIS connection 

The super-map handles interactive GIS plan for urban areas with 
vast range of surrounding coverage and provide good 
information about eco friendly systems and pollution zones. The 
resource observation is intensive in this map. 
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