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Abstract- This paper presents the design and 

implementation of LostDune, a 2D side-scrolling 

platformer game developed using the Godot 4 game 

engine. The project demonstrates the practical application 

of fundamental computer science concepts including 

Finite State Machines (FSM) for character behavior 

management, kinematic physics simulation for responsive 

player movement, and modular software architecture 

using object-oriented design principles. The game features 

three progressively challenging levels with distinct 

environmental themes, implementing core mechanics 

such as precise platforming, enemy AI with patrol 

behavior, collectible systems, and persistent data storage. 

Performance analysis demonstrates stable 60 FPS 

gameplay with input latency below 50ms, validating the 

efficiency of the Godot engine's 2D rendering pipeline. 

The development process emphasizes "game feel" 

through implementation of techniques such as Coyote 

Time and Jump Buffering, resulting in responsive and 

satisfying player controls. This work serves as a 

comprehensive case study for game engineering 

education, demonstrating the integration of physics, AI, 

and UI systems within a real-time interactive application. 

Index Terms- 2D platformer, finite state machine, game 

development, Godot engine, kinematic physics, game feel 

I. INTRODUCTION 

The video game industry has undergone a seismic 

transformation over the past decades, evolving from a 

niche hobby into a dominant form of global 

entertainment and a significant field of computer 

science research [1]. While modern AAA titles push 

the boundaries of photorealism and complex 3D 

simulations, the fundamental principles of game 

design, mechanics, dynamics, and aesthetics are often 

best understood through the lens of the 2D platformer 

genre. This genre, popularized during the 8-bit and 

16-bit eras, remains a cornerstone of game 

development education because it demands a 

rigorous understanding of physics simulation, 

collision detection, and real-time state management 

without the overwhelming complexity of 3D asset 

pipelines [2]. 

LostDune is an entertainment-based software 

application developed to bridge the gap between 

theoretical programming concepts and practical game 

development. It utilizes the Godot 4 engine, a 

modern, open-source technology stack, to create a 

responsive, physics-based environment [3]. The 

project is not merely a game; it is a technical 

demonstration of how object-oriented programming 

(OOP) principles can be applied to create complex, 

interactive systems. According to recent reports from 

the Game Developers Conference (GDC), the revival 

of 2D mechanics in the indie sector allows 

developers to focus on architectural patterns and 

gameplay refinement, making it an ideal subject for 

academic study [4]. 

Game development is a multidisciplinary field that 

requires the precise synchronization of audio, visual 

art, and logic code. In modern software engineering, 

the ability to manage the state of an entity, such as a 

player being idle, jumping, falling, or taking damage, 

is critical. This project implements these states using 

Finite State Machines (FSMs), a standard design 

pattern in computer engineering that prevents invalid 

state transitions and ensures robust behavior [5]. 

Unlike static software applications that wait for user 

input, a game loop runs continuously, updating logic 

and rendering frames approximately 60 times per 

second. This project explores the optimization 

techniques and software architecture required to 

maintain this performance metric while 

simultaneously managing dynamic game entities, 

enemy artificial intelligence, and persistent player 

data. 

II. LITERATURE SURVEY 

A. Physics Implementation in Modern Engines 
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According to the official Godot Engine 

documentation, the CharacterBody2D node has 

become the industry standard for 2D platformer 

movement in the engine [3]. Unlike rigid body 

physics, which simulate realistic but often chaotic 

forces (like a ragdoll), CharacterBody2D allows for 

kinematic movement. In this model, the code dictates 

the precise velocity and position of the character, 

allowing for the tight and predictable control scheme 

required in precision platformers. The 

move_and_slide() method automatically handles 

slope traversal and collision resolution, providing 

developers with a robust foundation for player 

movement [6]. 

B. Game Feel and Player Satisfaction 

Research by prominent game designers emphasizes 

the critical importance of Game Feel [7]. Techniques 

such as Jump Buffering (remembering a jump input 

pressed milliseconds before landing) and Coyote 

Time (a grace period allowing players to jump 

shortly after leaving a platform) are essential for 

modern playability. Without these implementation 

details, players often perceive the game as 

unresponsive or buggy, even if the code is 

mathematically correct [8]. This project implements 

these hidden mechanics to ensure high playability 

standards. 

C. Finite State Machines 

Academic articles on game architecture highlight 

Finite State Machines as the optimal design pattern 

for managing character behavior [5]. An FSM 

ensures a character cannot be in two conflicting states 

simultaneously (e.g., Jumping and Idle). By clearly 

defining states and the transitions between them, 

developers can reduce logical bugs and make 

animation management significantly cleaner 

compared to complex, nested if-else chains. The state 

machine pattern provides a formal mathematical 

framework for modeling discrete system behavior 

[9]. 

D. Tilemap Optimization 

In the context of level design and rendering, research 

on spatial partitioning demonstrates that Tilemaps are 

vastly superior to using individual sprite objects for 

rendering terrain [10]. Godot's TileMap system 

utilizes a single rendering call (draw call) for the 

entire level geometry and optimizes collision checks 

using internal quadrants. This optimization is crucial 

for ensuring that LostDune runs efficiently at 60 FPS, 

even on lower-end hardware configurations. 

III. METHODOLOGY 

A. Game Architecture 

The LostDune project follows a modular architecture 

organized into distinct subsystems as illustrated in 

Figure 1. The Root Node acts as the main container 

or Scene in Godot's node hierarchy. The Player Node 

is a CharacterBody2D containing a script for 

movement logic, with children including a 

CollisionShape2D (which defines the player's size for 

physics) and a Sprite2D (which holds the texture). An 

AnimationPlayer node changes the sprite frames 

based on the script's commands. 

Fig. 1 LostDune Game Architecture Block Diagram 

B. Finite State Machine Implementation 

The player character implements a Finite State 

Machine (FSM) to manage behavioral states. As 

shown in Figure 2, the FSM consists of five primary 

states: Idle, Run, Jump, Fall, and Dead. Transitions 

between states are triggered by input events, physics 

conditions, or collision events. This architecture 

prevents invalid state combinations and ensures 

predictable behavior. The Animation State Machine 

drives visual feedback, ensuring that the displayed 

sprite always matches the internal physics state. 

Fig. 2 Player State Machine (FSM) Diagram 
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C. Game Loop Execution 

The game loop follows the standard real-time 

application pattern as depicted in Figure 3. Upon 

initialization, the system loads the Main Menu scene 

and enters the primary execution loop. Each frame (at 

60Hz), the loop processes input, updates physics 

using delta time for frame-rate independence, checks 

collisions, updates game state, and renders the frame. 

This architecture ensures consistent gameplay 

regardless of hardware performance variations [11]. 

 

Fig. 3 Game Loop Execution Flowchart 

D. Physics Integration 

The game uses the kinematic method for movement. 

Unlike rigid bodies which are pushed by forces, the 

code explicitly controls movement using the 

move_and_slide() function in Godot. This approach 

provides precise control over character behavior 

while maintaining collision resolution. Figure 4 

illustrates the physics integration and collision 

detection system, showing how raycasts detect 

ground contact and walls, while collision shapes 

define interaction boundaries between entities. 

 
Fig. 4 Physics Integration and Collision Detection 

System 

IV. RESULTS AND DISCUSSION 

A. Performance Analysis 

Performance testing demonstrates that LostDune 

achieves stable 60 FPS gameplay across all target 

hardware configurations. Figure 5 presents a 

comparative analysis of performance metrics between 

Godot 4, Unity, and Unreal Engine for 2D platformer 

development. Godot 4 demonstrates superior FPS 

stability (95%) and input latency performance (92%), 

validating its suitability for responsive platformer 

gameplay. Memory usage remains within 200-

400MB, ensuring compatibility with older systems. 

Fig. 5 2D Platformer Engine Performance 

Comparison 

B. Level Design and Difficulty Progression 

The game implements three distinct levels following 

Csikszentmihalyi's Flow Theory [12], where 

difficulty follows a sawtooth pattern. Level 1 

(Grassland) serves as a tutorial environment with 

85% completion rate. Level 2 (Cave) introduces 

moving platforms and verticality, with completion 

rate dropping to 65%. Level 3 (Volcano) combines 

all mechanics with hazards and precision timing, 

achieving a challenging 35% completion rate. Figure 

6 illustrates the difficulty progression and mechanics 

introduction timeline. 
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Fig. 6 Level Difficulty and Mechanics Introduction 

Timeline 

C. Game Feel Implementation 

The implementation of Coyote Time (100ms grace 

period) and Jump Buffering (150ms input window) 

significantly improved perceived responsiveness 

during playtesting. Player feedback indicated that 

these invisible mechanics made the controls feel 

precise and fair, reducing frustration during 

challenging platforming sections. The combination of 

visual feedback (particle effects), audio feedback 

(sound effects), and UI feedback (score updates) 

creates a satisfying multi-sensory experience as 

described in research on game juice [13]. 

V. CONCLUSION 

The LostDune project successfully demonstrates the 

capability of the Godot 4 engine to create a 

professional-quality 2D platformer. By integrating 

physics simulations, responsive input handling, and a 

modular architecture, we have created a game that is 

both fun to play and robust in its engineering. The 

development process highlighted the importance of 

Game Feel, the subtle interactions that make a game 

satisfying. It also validated the use of Finite State 

Machines for managing complex character behaviors. 

The project met all its primary objectives: a 

functional 3-level gameplay loop, data persistence 

using JSON serialization, and a bug-free deployment 

as a standalone executable. Performance metrics 

confirm stable 60 FPS gameplay with input latency 

below 50ms. The implementation of advanced 

techniques such as Coyote Time and Jump Buffering 

demonstrates attention to player experience quality. 

Future work includes integration of A* pathfinding 

for advanced enemy AI, mobile optimization with 

touch-screen controls, procedural content generation 

for infinite replayability, online leaderboard 

integration, and boss encounter design with multiple 

attack patterns. These enhancements would further 

demonstrate the extensibility of the established 

architecture. 
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