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1. [bookmark: _Toc211857376]Introduction
Modelling vehicle dynamics plays a vital role in recreating a realistic driving experience in both tailored racing games and open world games, the feeling of driving and how realistic it is can significantly influence a player’s immersion. In game development there is a need to marry both realism and efficiency due to the fact that games must run in real time[1].
This project explores how current real-world vehicle dynamic models can be adapted to be used within the game industry. While there is significant research already conducted within the automotive and engineering industries which accurately simulate these dynamics [2] there is a lot less attention on translating these models to make them more efficient for real-time entertainment applications.
The motivation behind this project lies within bridging the gap between scientific vehicle dynamics and game development to enhance player immersion. By researching, developing, and testing different traction models within industry standard game engines, this study aims to contribute insight for creating responsive and believable driving experiences without needing excessive computational power. 
2. [bookmark: _Toc211857377]Background to the Proposed Research

Vehicle dynamics simulations are a fundamental part of replicating realistic driving behaviours. These simulations need to be computationally efficient enough so they can be executed in real-time environments which means that they are typically more gutted down and bare bones than the fully realistic simulations used in vehicle engineering.

In recent years, there has been a growing focus on creating real-time capable vehicle dynamics tailored more towards gaming. Archut [3] provides a systematic review of contemporary methods for achieving real-time vehicle simulation, noting strategies such as model-order reduction, look-up tables, and semi-empirical simplifications. These approaches enable faster-than-real-time simulation but often at the cost of reduced fidelity. Other studies have shown that by separating parts of the vehicle’s movement for example, the up-and-down motion from the forward motion simulations can be made faster while still looking realistic [4]. Similar work has been done for off-road driving, where tyres interact with uneven terrain or loose surfaces like mud or sand [5]. 

Artificial intelligence is also starting to play a role. Machine learning models can predict how a vehicle will behave on complex roads in real time, combining traditional physics equations with data-driven prediction [6]. This makes it possible to keep realistic handling while avoiding heavy calculations.
Despite all these advances, there’s still a clear gap when it comes to bringing physically accurate vehicle models into everyday game engines like Unity or Unreal Engine. The vehicle physics systems built into these engines are designed to run fast, but they simplify or ignore important effects such as tyre friction changes, load transfer, or wheel slip [7]. Because of this, driving in many games feels believable but not truly realistic.

The plan is to design a traction model which is a simplified but realistic way of simulating tyre grip and weight distribution that balances physical accuracy with speed. The model will be based on proven engineering theories, like Pacejka’s tyre equations [2], but adapted to work efficiently in real time. Tests will measure how accurate and efficient the model is, and a user study will find out whether players think it feels more realistic than standard game physics.
By combining recent advances in real-time vehicle modelling, adaptive physics, and AI-assisted prediction, this project hopes to create a middle ground between engineering-grade simulation and fast, responsive gameplay. The results could help developers build games, training simulators, and educational tools that feel more authentic without sacrificing performance.
3. [bookmark: _Toc211857378]Research Problem statement 

In today’s games the vehicle simulations will often prioritise being visually realistic over being physically accurate, this leads to unrealistic handling under a variety of conditions. There is a lack of models which balances creating realistic handling while being lightweight enough to real-time performance. This project addresses this problem by researching and developing an efficient vehicle traction model that can be implemented in modern game engines.
4. [bookmark: _Toc211857379]Research Aim & Objectives

Aim:

To research, design, and implement an optimised yet accurate vehicle dynamic model that can be used in modern game engines which balances realism and efficiency.

Objectives:

1. Conduct a literature review of existing models.
2. Develop a simplified yet grounded simulation using established vehicle dynamics principles.
3. Implement the model within an industry standard game engine (Unity or Unreal Engine)
4. Evaluate the model for accuracy, computational performance, and perceived realism.
5. Produce documentation detailing the design, implementation, and the evaluation.
[bookmark: _Toc211857380]5. Methodology
5.1 [bookmark: _Toc211857381]Methods 

The research conducted in this project will follow an experimental software development approach. The methodology will combine elements of software design, prototyping, implementation, data collection and evaluation.

The model will be designed using equations for traction, friction, and weight transfer. The experimental testing will be conducted using controlled scenarios in a yet to be selected game engine. The quantitative data such as acceleration and braking distances which will be collected from the testing will be recorded and compared to existing published benchmarks. The evaluation of will include metrics such as realism and computational efficiency.

[bookmark: _Toc211857382]5.2 Materials  

The data sources used will be vehicle statistics such as mass and wheelbase which will be obtained through the manufacturer’s specifications. The tyre friction coefficients will be based upon Pacejka’s magic tyre model and be validated against existing literature.

The tools that will be used will include a yet to be chosen game engine (either Unity or Unreal Engine 5), Git-Hub for version control, MATLAB for data analysis and in-engine telemetry to log the data collected.

The project will also use a user study which will compare the proposed model against a baseline physics setup. Participants will perform standardised driving tasks and then answer a questionnaire on the perceived realism of both models.
[bookmark: _Toc211857383]6 Project Plan
 
Late October – Finalise project proposal.
Middle November – Design vehicle traction model (Core physics equations)
Middle December – Implement core model into chosen engine.
End of December – Preliminary testing and debugging
Middle January – Interim Viva
February – Refine physics model.
March – Conduct user evaluation
March – Analyse data and interpret results.
April – Complete report
Early May – Final Submission and Final Viva





[bookmark: _Toc211857384]7. References
[1] M. Brudnak, "Terrain Streaming for Real-Time Vehicle Dynamics," 2024. 
[2] H. B. Pacejka and I. Besselink,Tire and vehicle dynamics, 3rd Ed. Amsterdam ;: Elsevier/BH, 2012. 
[3] J. Archut and B. Corves, "Systematic mapping of methods for real-time capable multibody simulation of road vehicles using PRISMA," Multibody system dynamics, 2025. doi: 10.1007/s11044-025-10081-1. 
[4] W. Dai, et al., "Real-Time Modeling of Vehicle’s Longitudinal-Vertical Dynamics in ADAS Applications," Actuators, vol. 11, no. 12, pp.378, 2022. doi: 10.3390/act11120378. 
[5] A. Peiret, et al., "Modelling of off-road wheeled vehicles for real-time dynamic simulation," J.Terramech., vol. 97, pp.45–58, 2021. doi: 10.1016/j.jterra.2021.04.001. 
[6] L. Paparusso, S. Melzi and F. Braghin, "Real-time forecasting of driver-vehicle dynamics on 3D roads: A deep-learning framework leveraging Bayesian optimisation," Transportation research.Part C, Emerging technologies, vol. 156, pp.104329, 2023. doi: 10.1016/j.trc.2023.104329. 
[7] H. Fathi, et al., "Modeling and Validation of a Passenger Car Tire Using Finite Element Analysis," Vehicles, vol. 6, no. 1, pp.384–402, 2024. doi: 10.3390/vehicles6010016. 


