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Abstract:

This thesis presents the design and con-

trol of a two-degree-of-freedom seat-mover

motion application for sim racing. The

system is developed in collaboration with

Asetek SimSports to enhance immersion

by replicating key motion cues from race

car dynamics. A mechanical solution en-

abling independent pitch and roll motion

is proposed and integrated with an exist-

ing cockpit.

The system dynamics are modeled us-

ing the Euler-Lagrange formulation, and a

cascaded control structure is designed to

ensure stable and accurate motion track-

ing. A Motion Cueing Algorithm is im-

plemented to transform vehicle telemetry

into achievable motion cues using tilt co-

ordination principles.

Simulation results indicate that the sys-

tem can reproduce dominant motion sen-

sations within the physical limitations of

the platform. The �ndings suggest that

the proposed seat-mover design is a viable

and e�cient alternative to more complex

motion systems, although further work is

required to complete software implemen-

tation and experimental validation.
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Reading guide

This report follows the IEEE source guidance. Sources are cited in the text using numerical references

enclosed in square brackets [n], and the complete list of references is provided in the bibliography.

Figures and tables are numbered according to the chapter in which they appear. For example, the �rst

�gure in Chapter 5 is labelled Figure 5.1. Each �gure and table is accompanied by a descriptive caption

placed directly below it. The de�nitions of all symbols used in equations and formulas throughout

the report are listed in the nomenclature.

All appendices are placed after the bibliography and are denoted by capital letters rather than chapter

numbers. Sections and subsections within the appendices are numbered according to the corresponding

appendix, for example A.1 and A.1.2.

Software

The following software tools were used for modelling, data acquisition, data processing, and

visualization throughout the project:

• MATLAB and Simulink

• Maple

• Microsoft O�ce 365

• STM32CubeIDE

• Microsoft Visual Studio Code

• SolidWorks

• SimHub

Generative AI tools, speci�cally ChatGPT, Copilot, Gemini, and NotebookLM, were used selectively

to assist with spelling and grammar correction, as well as the re�nement of sentences or text sections.

In addition, these tools were used to support script development and debugging in MATLAB, Simulink,

STM32CubeIDE, and Microsoft Visual Studio Code.
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Abbrevations

Abbrevation Description

ACC Assetto Corsa Competizione (simulation software)

CAD Computer-Aided Design

CDC Communication Device Class (USB protocol)

CoM / CG Center of Mass / Center of Gravity

COM port communication port

DOF Degrees of Freedom

E-L Euler Lagrange

FFT Fast Fourier Transform

FK Forward Kinematics

FOC Field-Oriented Control

F1 Formular one

GAGR Compound Annual Growth Rate

GT Car Grand Touring Car

GUI Graphical User Interface

IK Inverse Kinematics

LHS Left-Hand Side

MCA Motion Cueing Algorithm

NLR Next level Raceing

PC Personal Computer

PCBA Printed Circuit Board Assembly

PI Proportional-Integral controller

PLL Phase-Locked Loop

PMSM Permanent Magnet Synchronous Motor

PSU Power Supply Unit

RHS Right-Hand Side

RMS Root Mean Square

RMSE Root Mean Square Error

ROM Range of Motion

SPMSM Surface-mounted Permanent Magnet Synchronous Motor

USB Universal Serial Bus

µC Microcontroller

Symbols

Symbol Description Unit

� Platform roll angle � or rad

� Platform pitch angle � or rad

� Yaw angle � or rad

�R; �L Right/left actuator (gearbox) angles � or rad

_�R; _�L Right/left actuator (gearbox) velocity �
s or rad

s

��R; ��L Right/left actuator (gearbox) acceleration °
s2 or rad

s2

m Total mass of seat + user kg
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g Gravitational acceleration m/s2

LCoM Distance to center of mass m

J Inertia (general) kg·m2

Jplatform Platform inertia tensor kg·m2

Jtotal Total inertia of system kg·m2

Jmotors Inertia matrix for the motors kg·m2

� Torque Nm

�R; �L Actuator torques Nm

��; �� Platform torques (roll/pitch) Nm

q Generalized coordinates [�; �] {

_q; �q Angular velocity and acceleration rad/s, rad/s2

vCoM Velocity of Center of Mass m/s

!CoM Angular velocity of Center of Mass rad/s

M(q) Inertia matrix kg·m2

C(q; _q) Coriolis and centrifugal matrix {

G(q) Gravity torque vector Nm

Q Generalized torque vector Nm

J Jacobian matrix {

T Total Kinetic energy J

Tplatform Kinetic energy of the platform J

Tmotor Kinetic energy of the motor J

V Total Potential energy J

L Lagrangian (T � V) J

N Gear ratio {

! Angular velocity (general) rad/s

!n Natural frequency rad/s

� Damping ratio {

Kp;Ki Proportional / Integral gains {

xn Normalized signal (MCA) {

fshape Nonlinear scaling function {

k Scaling factor in MCA {

	 Tilt angle for acceleration cueing rad

a Linear acceleration m/s2

A Amplitude of reference trajectory [°]
vmax Maximum target angular velocity [°=s]
amax Maximum target angular acceleration [°=s2]
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Introduction 1
Sim racing refers to the realistic simulation of motorsport, covering a wide range of racing disciplines.

The primary objective of sim racing is to replicate real-world racing within a virtual environment.

Modern simulators are capable of modelling complex physical systems such as tyre wear, fuel

consumption, aerodynamics, and vehicle dynamics. As a result, users must apply real-world racing

techniques, such as, trail braking, using the optimal racing line and delicate throttle control, to

successfully navigate scenarios that accurately replicate real racing conditions [1]. The increasing

popularity of sim racing is evidenced by substantial market growth. According to a 2023 study on the

market potential of the gaming simulator industry, which encompasses all types of simulation games

along with their associated hardware and software, racing games represent the largest revenue segment,

accounting for 51.7% of the market. Furthermore, hardware dominates over software, generating 64.7%

of the total revenue for the entire market (rather than just the racing segment). The total global

market value for simulator games was estimated at USD 6.87 billion in 2023, and is projected to reach

USD 16.17 billion by 2030. This represents a compound annual growth rate (CAGR) of 13.1%. This

growth is attributed to advancements in simulation technology, a rising demand for immersive gaming

experiences, and the increasing popularity of esports. [2]

Asetek SimSports entered the sim racing market in 2021 and has since provided a comprehensive

range of sim racing equipment, including racing cockpits, seats, steering wheels, and direct-drive

wheel bases. These products are designed to enhance user immersion by accurately replicating the

physical characteristics of real motorsport components. Speci�cally, the pedal systems emulate the

mechanical resistance of brake and throttle pedals, while the direct-drive wheelbases generate force

feedback by applying torque to the steering wheel based on real-time vehicle dynamics calculated by

the simulation software. [3]

Asetek aims to expand its product portfolio further to maximize user immersion. Given that Asetek's

current racing cockpit is static, one strategy to achieve this is the development of a motion rig. A

motion rig delivers physical feedback corresponding to the vehicle's dynamics, such as changes in

orientation and acceleration, through a mechanical platform that translates telemetry data from the

simulated car into spatial movement. Additionally, it can replicate vibrations such as engine rumble

and road texture e�ects. This contributes signi�cantly to the illusion of driving a real race car as the

user directly experiences the sensation of the car's acceleration and rotation during cornering.

Asetek has previously explored multiple motion-rig architectures as part of its investigation into

motion-simulation strategies. One of the concepts examined was a cockpit-based motion rig capable

of moving the entire cockpit in the longitudinal direction (surge) and lateral (sway) directions, as well

as rotating it about the vertical axis (yaw). This design relied on linear actuators integrated into a

supporting frame beneath the cockpit. A second evaluated con�guration involved a rig designed to

provide vertical displacement (heave) and rotational motion about the x and y axes, which are parallel

to the ground plane (pitch and roll). This system employed linear actuators positioned at all four

corners of the structure to achieve the required degrees of freedom. The two aforementioned motion

rigs are shown in Figures 1.1 and 1.2.

1
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