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Abstract—This study delves into enhanced game
development using Unreal Engine 5 (UE5), with
emphasis on Nanite for real-time rendering of billions of
polygons without the necessity for the use of traditional
Level of Detail (LOD) management, Lumen for dynamic
global illumination that responds instantly to changes in
the environment without lengthy pre-calculations, and
advanced Al and animation systems with better behavior
trees, Blackboard systems for more efficient, event-
driven decision-making, and Control Rig for procedural
animation that allows for smoother state-changing
between characters, enhancing motion fluidity and
responsiveness, as well as prioritizing a scalable and
reusable design that supports faster iteration, better code
modularity, and easier future extension through tenets
such as single responsibility and dependency injection,
which enables developers to focus more on artistic
direction than technical constraints, minimizing
computational overhead and enhancing overall
development efficiency, ultimately showcasing UE5's
capability to transform game development pipelines and
set new benchmarks for realism, performance, and
interactivity in the gaming world.

I. INTRODUCTION

Game development remains a dynamic and constantly
changing industry, with every new technology leap
advancing the frontiers of creativity and functionality.
Through the years, Unreal Engine 4(UE4) has been a
solid and versatile platform that has allowed
developers to make visually impressive and
mechanically complex games. Yet, the launch of
Unreal Engine 5 (UE5) has brought about a revolution
in the gaming sector, providing new-age tools like
Nanite, Lumen, and MetaHuman. Not only do these
technologies set a new benchmark for realism, but they
also simplify the process of development, making it
faster and easier for developers at all levels.Nanite, a
revolutionary virtualized geometry technology,
enables the real-time rendering of high-detail assets
without sacrificing performance. Lumen, UE5's real-
time global illumination solution, takes the visual
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experience further by adaptively changing lighting to
simulate environmental changes. In the meantime,
MetaHuman streamlines character creation through
pre-made and highly customizable models, making it
possible for developers to create realistic characters
with little effort. Altogether, these solutions make
game developers capable of providing immersive
experiences with unprecedented graphical fidelity and
streamlined workflows.

This paper is an extension of existing research and
moves from UE4 to UE5 with the aim of developing a
more polished game prototype. The intention is to use
UE5's enhanced features to maximize player
interaction, optimize overall performance, and set up
scalable development habits. Through an examination
of the fundamental features of Nanite, Lumen, and Al
enhancements, the study hopes to offer practical
guidance on how these tools can revolutionize game
development. In addition, the research explores the
usage of modular animation systems, including
Control Rig, to make character movements more
efficient and responsive to animation.

Some of the goals of the project are:

* To apply UES's Nanite technology to deliver highly
detailed and efficient environments.

* To implement Lumen for real-time lighting with
adjustment that responds to gameplay dynamics.

*» To make Al systems adaptive to enable behavior with
UE5's enhanced Blackboard and behavior tree
features.

* Streamlining animation workflows using modular
graph frameworks and procedural animation for
glitchless state changeover.

Inclusion of such developments in this study indicates
that Unreal Engine 5 can radically change the process
of game development. The paper also emphasizes
embracing iterative and expandable design
philosophies to achieve greater demands on next-
generation gaming.
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Il. LITERATURE SURVEY

Prior Research on Unreal Engine 4

Existing research has shown Unreal Engine 4 (UE4) to
be an all-purpose tool for game development,
specifically regarding graphics realism and
modularity. Its abilities to craft richly detailed
environments, embed Al frameworks, and implement
reusable building blocks have been examined. Though
UE4 gave a solid basis, limitations such as static
lighting pipelines and LOD manual management
hindered scalability and realism.

1. Transitioning to Unreal Engine 5

Unreal Engine 5 improves upon its predecessor with
revolutionary technologies such as Nanite and Lumen.
Research has pointed out how Nanite's virtualized
geometry technology does away with LOD
adjustments, which can save much time in the
development process. Lumen's dynamic global
illumination solution has been complimented for
allowing real-time lighting updates, which before
would have been impossible without pre-calculations.
2. Advances in Al Systems

Studies on Al behavior trees and Blackboard systems
have demonstrated how these technologies facilitate
more adaptive and efficient decision-making
mechanisms in game development. UE5's event-
driven nodes give developers more control over Al
behavior, enabling dynamic reactions to player
actions. Comparative studies have revealed that UE5's
Al systems are more computationally efficient and
adaptable compared to UE4.

1. Animation and Control Rig Enhancements

Control Rig's procedural animation features have
received much attention in current studies. Through
dynamic modification of animations according to
gameplay circumstances, Control Rig minimizes
dependency on keyframing. Modular animation
graphs also  streamline  processes, boosting
responsiveness and naturalness of  character
movement.

2. Industry Adoption of UE5

Case studies of top game development studios
illustrate the extensive use of Unreal Engine5 for
future-generation projects. Developers have reported
dramatic gains in development time and visual
fidelity, crediting them to tools such as Nanite and
Lumen. The texts indicate that UE5 is setting new
standards within the industry, especially when it
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comes to real-time rendering and adaptive gameplay
systems.

I1l. TECHNOLOGICAL ADVANCEMENTS IN
UE5

1. Nanite for Virtualized Geometry

Nanite brings a groundbreaking solution to managing
geometry so that developers can render extremely
detailed assets with billions of polygons in real-time.
Unlike other solutions that depend on Level of Detail
(LOD) modifications, Nanite adapts geometry
automatically based on screen size and distance. This
renders manual LOD creation unnecessary, lowering
development time and computational expense.

2. Lumen for Global Illumination

Lumen substitutes Unreal Engine 4's static lighting
workflows with a dynamically complete global
illumination system. Lumen responds in real-time to
lighting and environmental changes, providing more
immersive scenes. This is especially useful in games
with destructible environments or dynamic day-night
cycles, where the lighting will be changing quite a lot.
3. MetaHuman for Character Creation

MetaHuman is a robust set of tools used to design
photorealistic digital humans. It complements UE5
perfectly, allowing developers to build high-fidelity
characters with customizable facial features, realistic
texture, and sophisticated animation rigs. This makes
it possible to cut out the requirement for standalone 3D
modeling tools, essentially shaving off a lot of time
spent on character creation.

IV. Al UPGRADES WITH BEHAVIOR TREES

1. Enhanced Decision-Making with Blackboard
Systems

Unreal Engine 5 upgrades the Blackboard system and
facilitates the ease of implementing elaborate Al
behaviors. Integrating event nodes and real-time
updates enables programmers to devise reactive Al
capable of responding intuitively to environmental
states and players' actions

2. Optimized Event-Driven Behavior Trees

Behavior trees in UE5 also provide finer-grained
control over task execution. Event-driven nodes cut
down on the computational cost by only running when
certain conditions are satisfied. This leads to more
efficient and realistic Al behavior, particularly in large
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numbers of agents.
V. ANIMATION ENHANCEMENTS

1. Procedural Animation with Control Rig

UE5 Control Rig brings procedural animation

functionality, enabling developers to create

animations in code. This reduces the requirement for
manual keyframing in a lot of situations and allows for
dynamic adaptation based on gameplay states.

2. Modular Animation Graphs

UE5 Control Rig brings procedural animation

functionality, enabling developers to create

animations in code. This reduces the requirement for
manual keyframing in a lot of situations and allows for
dynamic adaptation based on gameplay states.

Case Study: Dynamic Combat Systems

e Based on the attack mechanics discussed in
Unreal Engine 4, this project utilizes UE5's
advanced capabilities to create a solid combat
system. The major enhancements are:

e Accuracy Collision Detection: With UE5's
improved physics engine, collision detection now
considers both position and rotation, for precise
hit registration.

e Adaptive Al Combat Behavior: Through the use
of behavior trees and Blackboard systems, Al
opponents adapt their tactics dynamically based
on what players do.

¢ Improved Animation Blending: Animations blend
seamlessly with Control Rig and animation
blueprints to produce realistic fighting sequences.

Optimized Development Methodologies

Optimizing the development process ensures higher
efficiency, better quality of work, and faster project
delivery. By implementing streamlined workflows and
modern methodologies, development teams can
minimize errors, reduce redundancies, and foster
innovation. Here are some key methodologies for
optimized development.

a) Agile Development

Agile methodologies emphasize iterative
development, collaboration, and adaptability to
changing requirements. It promotes working in short
cycles, known as sprints, to produce incremental
improvements. Key practices within Agile include:

e Scrum: A framework used within Agile,
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focusing on roles like Scrum Master and Product
Owner, to ensure the team works efficiently within
sprints (Schwaber, K., & Beedle, M., 2002).

e Kanban: A visual workflow management method
that uses boards and cards to manage tasks and
optimize the flow of work (Anderson, D., 2010).

b) DevOps Integration

DevOps practices aim to enhance collaboration

between development and operations teams, ensuring

faster development cycles and better product quality.

Key elements include:

e Continuous Integration (CI): Automatically
integrating code changes into a shared repository
to detect issues early (Fowler, M., 2006).

e Continuous Deployment (CD): Automating the
release process to quickly deploy new features or
fixes, ensuring the product remains up-to-date
(Humble, J., & Farley, D., 2010).

c) Test-Driven Development (TDD)

TDD is a software development practice where tests

are written before the actual code. This approach

ensures:

e  Clear requirements for features.

e Better-designed code.

e Fewer bugs and quicker feedback during
development (Beck, K., 2003).

d) Code Review and Pair Programming

Implementing regular code reviews and pair

programming practices leads to:

e Improved code quality.

e Better knowledge sharing across teams.

o  Early detection of issues (Williams, L., & Kessler,
R., 2000).

e) Lean Development

Inspired by lean manufacturing, Lean Development

focuses on reducing waste and improving flow by:

e  Streamlining processes.

e  Minimizing unnecessary features.

e Delivering only what provides value to users
(Poppendieck, M., & Poppendieck, T., 2003).

f) Agile Scaling Frameworks

For larger teams and projects, scaling Agile

methodologies like SAFe (Scaled Agile Framework)

or Less (Large Scale Scrum) can help manage
complexity while maintaining agility (Leffingwell,

D., 2011).

g) Automation and Tools

Integrating tools for automation (e.g., for testing, code
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formatting, deployment) reduces manual errors and
accelerates development processes (Martin, R., 2008).

Game Concept Overview of Tyranny:
Tyranny is a historical strategy game set during World
War |, focusing on the complex and far-reaching
consequences of wartime decisions. The game
emphasizes the psychological and strategic challenges
leaders face while making critical choices that shape
the course of the war and impact the lives of soldiers
and civilians.

Core Gameplay

e Strategic Decision-Making: Players will make
key decisions regarding troop deployment,
resource management, and diplomatic
negotiations, directly influencing the course of the
war.

e Emotional and Moral Consequences: While
victories may provide tactical advantages, the
emotional toll on soldiers and civilians remains a
central theme.

e Dynamic Outcomes: The game’s narrative will
change based on player decisions, influencing
both short-term battles and long-term political
consequences.

Technical Approach

e Nanite Technology: Enables high-detail
environments and assets without performance
loss, enhancing visual realism.

e Lumen: Provides real-time lighting adjustments
to match environmental changes, improving
visual consistency and immersion.

e Al Behavior Trees: Adaptive Al systems enable
dynamic responses to player actions, improving
strategic complexity.

e Control Rig and Modular Animation Graphs:
Allow fluid and responsive character animations,
improving in-game movement and combat
sequences.

Design Philosophy
The game follows a scalable and reusable design
model, allowing for faster iteration and easy future
expansion. By integrating high-fidelity graphics,
dynamic Al, and realistic animations, Tyranny aims to
provide an immersive and emotionally impactful
gaming experience, setting a new standard for
historical strategy games.
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