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Abstract

This thesis introduces a cohesive system
for infinite, on-the-fly world generation in
Unreal Engine 5.5. We present a multi-
threaded C++ terrain generator lever-
aging custom noise functions to stream
diverse landscapes without main-thread
stalls. In parallel, we develop modu-
lar PCG Graphs for procedurally plac-
ing natural elements (biomes, vegetation)
and man-made structures (roads, fences,
buildings, villages). Custom Blueprint
and C++ nodes enable advanced filtering
criteria—such as biome rules—and the
combination of world partitioning with
background-task scheduling preserves con-
stant frame rates.

Keywords: procedural generation,
Unreal Engine 5.5, C++, terrain
generator, PCG Graph, infinite world,
biome, chunk
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Abstrakt

Tato préce predstavuje soudrzny systém
pro nekone¢nou generaci svétl za béhu
v Unreal Engine 5.5. Pfedkladame vice-
vazebny C++ generator terénu zalozeny
na vlastnich Sumovych funkcich, ktery do-
kaze plynule streamovat rliznorodé kra-
jiny bez blokovani hlavniho vldkna. Sou-
¢asné jsme navrhli modularni PCG grafy
pro procedurdlni rozmisténi pfirodnich
prvkd (biomy, vegetace) a lidskych staveb
(silnice, ploty, budovy, vesnice). Vlastni
Blueprint a C++ uzly umoziuji pokrocilé
filtrovani dle biomu a diky déleni svéta na
zony a zpracovani tloh v pozadi zachovava
systém konstantni snimkovou frekvenci.

Klicova slova: proceduralni generovani,
Unreal Engine 5.5, C++, generator
terénu, PCG graf, nekonecny svét,
biotopy, sekce

Preklad nazvu: Proceduralni vytvareni
obsahu v Unreal Engine
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Chapter 1

Introduction

In recent years, the scale and ambition of game worlds have grown dramat-
ically. Open-world and live-service titles demand vast, varied landscapes
that remain engaging over hundreds of hours of play. Traditionally, such
environments required enormous manual e ort from artists and level design-
ers painstakingly placing each rock, tree, and building by hand. Procedural
Content Generation (PCG) o ers a compelling alternative: algorithmic work-
ows that can spawn terrain, vegetation, structures, and even entire cities
with minimal human intervention. By encoding rules and randomness into a
generation pipeline, developers can achieve both diversity and consistency at
a fraction of the cost.

The aim of this work is to explore and analyze the possibilities of PCG
in Unreal Engine 5 and subsequently create a functional prototype of a
procedurally generated in nite world.

A key focus is to determine the feasibility of utilizing PCG in runtime
environments where content must be generated on the y as the player
moves without introducing visible artifacts or stutters. Throughout this
work, we will measure performance and discuss trade-o s between quality
and speed. The outcome is both a theoretical framework relating PCG theory
to UES's toolset and a concrete prototype that demonstrates an end-to-end
pipeline for in nite procedural worlds.






Chapter 2

Foundations and Design

This chapter brings together the theoretical foundations of Procedural Content
Generation (PCG) with the design of our solution. We begin by reviewing
core PCG techniques and algorithms from the literature, then present the
high level architecture and key components of our prototype.

(@) : Terrain before (b) : Plants spawned (c) : Clis, trees, and
PCG run. procedurally. bushes added.

Figure 2.1: Motivational demonstration of PCG in a stylized red biome: (a)
begins with empty terrain, (b) adds procedurally spawned vegetation, and (c)
completes the scene with cli s, trees, and bushes all generated at the click of a
button using PCG.

B 2.1 Procedural Content Generation: Concepts and
Algorithms

Procedural Content Generation (PCG) refers to the algorithmic creation of
game assets terrain, vegetation, structures, levels either at build time or
dynamically at runtime. Common methods include:

= Noise Functions: Perlin, Simplex, and Value noise generate smoothly
varying elds used for terrain heightmaps, texture masks, and variation
in object placement. More discused later in 4.2.1.

= Lindenmayer Systems (L-systems): L-systems are formal grammars
originally developed by Aristid Lindenmayer for modeling the growth
processes of plants and multicellular organisms. An L-system begins
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with an initial axiom string and applies production rules iteratively

to replace symbols, yielding complex, self-similar branching structures
such as trees, ferns, and coral. This approach underpins many proce-
dural botany algorithms and is explored in depth by Prusinkiewicz and
Lindenmayer [27].

= Flow Fields: Flow elds are continuous vector elds that guide the
placement of paths, roads, rivers, or crowd movement by indicating a
preferred direction at each point in space. By sampling the eld and
following the vectors, one can generate natural, winding trajectories that
mimic uid dynamics or erosion patterns. A practical introduction to
ow- eld path nding is provided by Patel [28].

» Tile-based Rules: Tile-based methods use a set of discrete tiles and
metadata-driven adjacency constraints (e.g., Wang tiles) to assemble
large environments without visible seams or repetitive patterns. Each
tile encodes edge compatibility, and procedural assemblers select tiles
based on neighborhood rules. This technique was pioneered by Wang [30]
and later applied to texture synthesis and environment tiling by Cohen
et al. [31].

m Shape Grammars: Shape grammars extend the idea of string grammars
to geometric forms: starting from an initial shape, production rules
replace shapes with arrangements of sub-shapes according to recursive
rules. This hierarchical rewriting process can generate architectural
elements walls, windows, roofs and complex procedural meshes. The
foundational work on shape grammars was published by Stiny and
Gips [32].

= Cellular Automata: Cellular automata consist of regular grids of cells
that update their states simultaneously according to simple local rules
based on neighbor values. Despite their simplicity, they can produce
elaborate patterns used for cave and dungeon layouts, terrain erosion,
or vegetation spread. Wolfram's survey of cellular automata highlights
their complexity and applications [33], and they are often employed in
voxel-based cave generation systems [22].

Pragmatic Runtime Constraints.  Generating tens of thousands of meshes
on the y leaves no budget for heavy simulations or costly computations.
Instead, our system relies on lightweight, rule based work ows chaining
simple sampling, lItering, and transformation nodes, with Perlin-noise pertur-
bations to introduce variation and break up repetition in both terrain and
object placement. While techniques such as L-systems, ow elds, tile-based
adjacency, shape grammars, and cellular automata o er rich, biologically
inspired patterns, they were not directly implemented here; rather, their
core ideas motivated our streamlined PCG graphs, where basic operations
and sequenced noise applications deliver real-time performance alongside
believable procedural detail.
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l 2.2 Related Work

Below are additional noteworthy theses in related areas of procedural genera-
tion:

= Tile-based Procedural Generation (Rudolf Libal, 2023): Analyzes
existing solutions for tile-based PCG, proposing a generic library that
supports multiple terrain layers, metadata-driven adjacency rules, and
weighted random tile selection using noise to minimize incompatible
placements [1].

= Procedural Generation of Voxel Worlds (Luka? Hepner, 2021):
Develops a voxel rendering engine with deterministic noise-based terrain
and L-system vegetation placement, emphasizing reproducibility via xed
seeds [2].

= 3D Modeling and Visualization of Underground Structures
(Martin Hude£ek, 2021): Presents methods for creating and preserv-
ing accurate 3D models of underground spaces (e.g., the Johannes adit)
using mobile laser scanning and point-cloud processing in VR [3].

= Procedural Terrain Generation Using GPU Acceleration (Jakub
Navrétil, 2016):  Explores GPU-accelerated terrain generation with
CUDA-driven Perlin noise heightmaps, demonstrating performance im-
provements over CPU implementations [4].

B o3 Project Architecture and Design

The system design unfolds in two main phases, each focusing on building and
integrating core functionalities.

Phase 0: Conceptual Foundations of PCG. Before any implementation, we
establish the core concepts and work ows of Procedural Content Generation
in UES:

Phase 1. Component Development.

= Environment: PCG Graphs for forests, meadows, and mountains and
more are created.

» [nfrastructure: PCG Graphs for roads, fences, houses, and villages are
created and discussed.

= Procedural Material: A uni ed landscape material blends texture
layers based on elevation, slope, curvature, and noise masks to produce
seamless, context-aware terrain texturing.

Note: A PCG Graph is an object that spawns meshes based on its node
logic.
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Phase 2: Integration into In nite World.

= Terrain Streaming: A multithreaded C++ generator creates chunked
terrain and handles dynamic loading and unloading of chunks.

= PCG Population:  Terrain is being dynamically populated with meshes
using PCG Graphs at runtime.

= Performance Tuning:  Key parameters chunk size, generation radius,
LOD thresholds are adjusted to maintain consistent frame rates and
minimize runtime stalls.

Note: A chunk is a square section of terrain used to optimize loading and
processing.

B 2.3.1 Dual Visual Style
The prototype supports two distinct visual styles:

= Low-Poly Style:  Prioritizes minimal geometry and simple materials to
maximize performance on lower-end hardware, while maintaining clear,
stylized visuals.

= Photorealistic Style: Employs high-resolution meshes, detailed PBR
materials, and advanced lighting to achieve cinematic-quality visuals.

This dual-mode design allows us to:

= Evaluate how easily the system's graphical pipeline (terrain generation,
PCG Graphs, materials) adapts to di erent art directions.

= Measure performance di erences frame rates.

= Provide exibility for target platforms, enabling a single codebase to serve
both mobile/VR (low-poly) and AAA desktop/console (photorealistic)
builds.

These capabilities inform our performance tuning strategy and highlight
the modularity of the PCG pipeline.

B 2.3.2 Design Goal

The primary goal of our system is to generate rich, varied open-world en-
vironments in real time, while maintaining smooth, consistent performance
without frame-rate drops or loading hitches.
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