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Our World is Built by Algorithms
What is Procedural Generation?



Tree Generation with
Different Algorithms

Terrain Generation with
Hydrology

Navigable Forest
Generation



SpeedTree Software

ProcGen in the Industry
How can this research field be applied?



The Challenge? Cities!
City generation is one of the most complex procedural tasks, requiring the integration of
multiple systems.



The Research Gap 1

What differences can you spot between
these 2 images?

vs

“Interactive Procedural Street Modeling” from SIGGRAPH2008



The Research Gap 2

Over 1 billion people live in informal settlements (SDG 11)
Existing procedural tools assume formal planning—grids, zoning, uniformity.
They fundamentally fail to capture the organic, irregular, and emergent morphology of
slums.
This creates a critical tooling void for urban planners, researchers, or modelers who may
work on these slums



The Research Gap 3
Below is a list of existing city generators. All of them focus on urban spaces and structured
spaces

01 02 03Tensor Fields for Roads Fast Building Generation Fully Fledged System

Lacks a full framework for lower density
city generation

Focuses on building generation and keeps
a grid box-like street structure

Utilizes generative rule sets extensively.
resulting in less finer user control



Problem Statement
The current state-of-the-art in procedural urban generation cannot

realistically simulate slums.



Objectives
To analyze and extract spatial and morphological patterns
from existing slum research and datasets.

To design and implement a procedural generation system
that simulates slum-like settlement patterns using rule-
based logic.

To enable user-defined spatial inputs (e.g., road networks,
barriers) as constraints within the generation process to
guide slum formation.

To evaluate the realism and variability of generated
layouts against documented case studies or
morphological benchmarks.



Project Plan



Morphological Category Key Finding from Literature *Model Implementation*

Building & Footprint Density

• Very high density (Klotz et al.) • Cell Fill Probability: 65-85%

• Patch sizes: 0.25 - 198 ha (Wurm et al.) • Voronoi Clustering: Log-normal distribution for patch
sizes

Street & Alley Geometry
• Irregular, organic patterns (Klotz, Kuffer) • Organic Road Generation

• Narrow alleys: 0.5m - 1.5m wide (Wurm et al.) • Alley Width Parameter: 0.5 - 1.5m

Patch Clustering Behavior

• High clustering (15-20%) (Klotz et al.) • Cluster Density Parameter: 15-20%

• Aggregation within 10m (Gruebner et al.) • Cluster Distance: 10m aggregation rule

• Lack of green space • Minimal "Empty" Lots

Textural Variability
• High variability in roof types & materials (Klotz, Kuffer) • Algorithm for Irregular Footprints

• Irregular building shapes • Variable dimensions, angles, and fragmentation

Research and Data Synthesis
Parameters were derived from a systematic analysis of 10 key academic studies as foundation
values for my model

Focus Areas: Building Density, Street Geometry, Clustering, and Textural Variability.

Methods Used: Object-Oriented Image Analysis (OOA), Satellite Imagery (Quickbird, IKONOS),
SAR data, and Spatial Metrics



Algorithm Design 1
(Outside of Prototyping)



Algorithm Design 2
The algorithm transforms simple points into complex, organic settlements through a multi-
stage spatial subdivision process. Illustrated through the Python prototype:

1. Input: User-defined Boundary & Parameters.
2.Seeding & Relaxation: Generate & relax points (Lloyd's

algorithm).
3.Voronoi Skeleton: Create the cellular structure.
4.Recursive Subdivision: Split cells into individual building

plots.
5.3D Mesh Generation: Extrude footprints into volumetric

buildings.
6.Output: 3D Model ready for export.





Components of a Voronoi Diagram



Delaunay Triangulation Algorithm



Lloyd’s Relaxation Algorithm



My Software
Instant Generation at Your Fingertips!

Basic-Mode UI



Multiple Edit Modes
Advanced User Control Capabilities

Boundary Mode

Seed Mode

Road Mode

H
igh

-Level
Lo

w
-Level

Circumcenter Mode



Demo Time!
Live Software Demonstration



Unit Testing
Unit Testing was validated through 25 suites covering the core modules. Rust’s built-in unit test
functionalities were used



Export and Integration
The system exports standard OBJ files, allowing for integration into industry-standard 3D
modeling tools and software (CAD-inclusive).

This means that models created with the software can directly be used!



3D renders of my models created
using Blender 4.1



Limitations
While technically complete and functional, this system in its current state serves as a
foundation for more sophisticated urban modeling tools.

1.Algorithm Refinement: Core Voronoi/
spacing logic can be optimized for more
better organic patterns and smoother
models

2.Simplified 3D Representation: Basic
building extrusions lack architectural
detail

3.Alley and Pathing: Due to how the
generation pipeline is structured, alleys
do not connect to each other



Future Work
Ways this software can be built upon/improved in future research or development

1.Advanced 3D Modeling
a.Implement L-systems for detailed facades

and roof structures
b.Add procedural texturing for realistic

materials (corrugated metal, brick, etc.)
2. Intelligent Street Generation

a.Integrate L-systems or tensor fields
b.Develop hierarchical road networks with

proper pathfinding
3.Extended Feature Set (Parameters)

a.socio-economic data layers
b.environmental factors (drainage,

topography)



Conclusion
A novel procedural generator for slums/informal settlements was
successfully developed
It fills a critical gap by simulating organic, high-density morphologies
ignored by existing tools (non-grid structures)
The system is technically robust, and can integrates with professional 3D
software workflows.
This tool provides a valuable bridge for urban planning, research, and
visualization; providing a solid foundation for future work



Q&A
Queries regarding the work are

welcome
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