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Abstract

This dissertation presents the development process of a project that focuses on the
design and optimization of physics-based systems in Unity 3D, proposing several
feasible and efficient approaches for enhancing the realism and computational

efficiency of football-themed video games.

The default physics and collision detection mechanisms in Unity are frequently
insufficiently precise and reliable for applications involving highly detailed projects.
Nevertheless, within the development of sports simulations, the implementation of
precise physical feedback systems assumes critical importance. In the development of
football video games, the incorporation of dynamical principles and the formulation of
accurate collision detection mechanisms constitute major challenges in the construction
of the physics subsystem. Moreover, since Unity3D is a widely adopted engine for
applications targeting mainstream platforms and devices with constrained
computational resources, performance optimization requires rigorous consideration.
This project, through programming and the application of Unity3D’s fundamental
functionalities, advances specific physics-oriented methodologies that support the

development of realistic and computationally efficient football simulations.
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1 Introduction

Modern football games span a spectrum from stylised arcade experiences to realism-
oriented simulations. This project begins from a practical motivation: Unity is
approachable and ubiquitous, yet its default physics—tuned for generic rigid bodies—
falls short for simulation-leaning football, where credible ball aerodynamics and
reliable, high-throughput collisions in crowded, articulated scenes are essential. The
engine’s built-in damping-style drag does not capture the quadratic nature of air
resistance, there is no turnkey Magnus term for spin-induced bend, and triangle-
accurate contacts or thin features (such as nets) can become numerically fragile or
costly under match conditions. These gaps define the problem addressed here: within
Unity’s constraints, can a small set of targeted systems be composed to yield believable
curved-kick flight, convincing goal-net interaction, and predictable collision costs as

scene complexity scales?

The objective is therefore threefold. First, replace the default damping with a compact,
inspector-tunable aerodynamic layer that combines quadratic drag and a Magnus term,
yielding trajectories that bend and decelerate as players intuitively expect. Second, give
the net a two-way physical effect without adopting heavy solvers by pairing Cloth (for
the look) with a thin trigger panel that applies an elastic spring—damper response along
the net normal. Third, reduce unnecessary collision work through a proximity-driven
collider LOD that enables detailed per-limb colliders only near the player/camera and
reverts distant actors to coarse capsules. These targets privilege robustness, tunability,
and clarity of control over exhaustive fluid-dynamic fidelity, reflecting the realities of

commercial, real-time play.

The principal findings and contributions are as follows. A minimal Magnus—drag
composition produces stable, designer-legible curved flight: sidespin yields clear lateral
deflection, and quadratic drag matches closed-form free-fall predictions within small
tolerances once discrete-time sampling is accounted for. The hybrid goal-net
demonstrably slows and returns the ball for typical shot speeds while leveraging Cloth
for deformation, offering a pragmatic midpoint between visuals-only nets and
expensive two-way solvers. The collider LOD switches smoothly in playtests,
preserving contact quality around the player while curbing narrow-phase work

elsewhere. Alongside these positives, the study identifies limits worth future effort:
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constant lift/drag coefficients that ignore spin and Reynolds-number dependence,
occasional tunnelling at very high speeds due to discrete steps and thin geometry, and

a lack of formal performance ablations to quantify savings under match-scale loads.

The remainder of the dissertation proceeds as follows. Chapter 2 reviews football games
and establishes the simulation focus, then sketches aerodynamic and collision-detection
paradigms relevant to interactive applications. Chapter 3 details the implementation:
project setup, Magnus and drag modules, net interaction, and collider LOD. Chapter 4
presents test rigs and results for curved free-kicks, free-fall drag verification, net
behaviour, and collider switching. Chapter 5 discusses implications—how ball
construction and environment could inform more authentic aerodynamics, and how
LOD and contact granularity should be institutionalised. Chapter 6 concludes with a
synthesis and a roadmap for future work, and Chapter 7 reflects on scope, method, and
skills—how to align tighter research questions with community code and measurable

experiments.

2 Background and Related Works

2.1 Overview of Football Games

Football (soccer) video games occupy a mature, global niche spanning a continuum
from simulation-oriented titles—prioritising physical plausibility, tactical depth and
rules fidelity—to arcade-oriented experiences that emphasise immediacy and stylised
spectacle. Platform characteristics shape emphasis: console releases typically target
stable frame pacing and refined controller feedback within fixed performance budgets;
PC versions commonly scale presentation and configuration ranges; mobile adaptations
favour short sessions, touch-first interaction and strict power/thermal limits; and cloud
delivery foregrounds latency management and visual stability under compression.
Despite these differences, contemporary titles converge on a common play loop—
possession, space control, chance creation and finishing—mediated by readable
animation, low input-to-action latency and cameras that preserve situational clarity in

crowded or fast-transition phases.

Commercial and engagement features sit alongside on-pitch fidelity. Recent empirical
work indicates that competitive and social features are strongly associated with players’

desire to “own” digital items and with willingness to pay for them;

discovery/exploration mechanics (e.g., finding rare items) also contribute to spending
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propensity. By contrast, fantasy/escape and a strong sport context are more closely
linked to real-world soccer participation (e.g., playing or watching outside the game).
These results help explain why modern football titles commonly blend multiplayer
competition, social hubs and progression with systems that reward exploration, while
simulation-leaning entries also invest in credible ball-player—environment interactions

and consistent enforcement of the Laws of the Game(Schlimm et al. 2024).

Within this landscape, simulation-oriented football games focus on physically
convincing ball behaviour (including first touches, deflections off posts/crossbar and
net interactions), stable collision events for small fast objects in dense articulated scenes,
and tactical Al that respects kinematic feasibility. Presentation layers—broadcast-style
cameras, commentary and crowds—reinforce authenticity, while live modes and
seasonal content sustain engagement without undermining the core mechanics that
define on-pitch credibility. For the purposes of this dissertation, subsequent chapters
therefore emphasise the simulation end of the spectrum, noting that the broader market
also leverages social, competitive and discovery features to meet engagement and

commercial goals(Schlimm et al. 2024).

2.2 Aerodynamic Effects in Interactive Simulations

In football games, the aerodynamic layer aims to reproduce a few perceptually
dominant behaviours rather than laboratory-grade analysis: air resistance that slows the
ball; spin-related side deflection that bends or dips the flight; and, at very low spin,
small irregular lateral shifts often described as “knuckling.” A practical approach treats
the ball as a rigid body under gravity with compact air-effect terms whose magnitudes
mainly depend on speed, spin, and (to a lesser extent) surface condition; representative
studies report plausible drag/lift behaviour for free-kick trajectories and emphasise the

role of spin axis and rate in shaping curvature(Bray and Kerwin 2003).

For tuning, parameters should remain simple and designer-legible: an overall air-
resistance control for deceleration, a spin-response control for left/right bend and dip,
and a modest low-spin deviation control to suggest occasional knuckle-like behaviour.
Defaults can be informed by published ranges for drag and spin-related lift observed in
controlled free-kick analyses, while avoiding overfitting to a single ball or strike
style(Bray and Kerwin 2003).

Temporal consistency is as important as absolute accuracy. Forces should yield smooth,

frame-rate-independent paths without sudden changes when speed or spin crosses a

7



threshold. This is consistent with measurements showing that orientation-dependent
lateral loads can persist into intermediate spin rates, so a simple “non-spin vs. steady-
Magnus” switch is insufficient; blended or smoothed responses help prevent artefacts

in that regime(Passmore et al. 2017).

The aerodynamic layer must also coexist cleanly with collisions and control. Contacts
from first touches, blocks, posts, crossbar and the net should dominate at impact, and
the flight model should resume without visible discontinuities. Strike cues (foot
orientation, follow-through) should correlate with spin direction/magnitude so that
intention matches outcome. Empirical field work with a smart ball and programmable
launcher shows that low-spin shots can reproducibly produce knuckle-style deviations,
typically with smaller lateral amplitudes than highlight examples—supporting

restrained, noise-aware implementations in interactive settings(Eager et al. 2022).

Lightweight presets keep behaviour coherent across modes and platforms. Examples

29 ¢¢

such as “standard ball,” “wet conditions,” or “high altitude,” can adjust resistance and
spin response within bounded ranges; surface wear can also be reflected, as wind-tunnel
tests indicate that usage alters effective aerodynamic characteristics and flight

tendencies(Hong and Asai 2021).

2.3 Collision Detection in Game Engines

Modern engines organise collision into a staged pipeline: a broad phase to cull most
non-interacting pairs, followed by a narrow phase that computes the actual contacts
only for likely pairs(Ericson 2005). In practice the broad phase uses simple
bounds—typically AABBs—arranged in spatial structures such as uniform grids,
octrees or BVHs; this drastically reduces the number of pair tests that reach the

expensive stage(Hor et al. 2025).

The narrow phase prefers simple primitives (spheres, capsules, boxes) for most contacts
because they are fast and yield stable normals. Mesh-level checks are reserved for the
few places that truly need them and then rely on well-known convex/triangle tests (e.g.,
SAT, GJK). Hardware and algorithmic work on triangle—triangle testing highlights why
engines try to minimise how often they drop to this level(Liu et al. 2023).

Time handling comes in two flavours. Discrete detection tests once per physics step; it
is cheap but can miss very fast small objects. Continuous collision detection (CCD)
sweeps between steps to find the first time of impact and is enabled selectively for fast

movers or thin features(Ericson 2005; Moore et al. 2023). Thin, filament-like
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geometry (e.g., nets or threads) especially benefits from CCD or from giving the
geometry an effective thickness to avoid jitter and missed hits(Moore et al. 2023).

Performance and robustness considerations shape the overall design. Spatial
partitioning in the broad phase is the single most effective optimisation; engines also
maintain persistent manifolds and wuse careful tolerances to make contacts
appear/disappear consistently(Ericson 2005). On modern content, combining
octree/BVH culling with GPU compute further reduces the narrow-phase workload and

improves frame-time stability(Hor et al. 2025).

Applied to a football scene, a practical configuration is sphere collider with CCD for
the ball; capsules/boxes (not dense meshes) for posts and crossbar; a proxy “thick”
representation for the net; and strict layer/mask filtering so only meaningful pairs are
tested. This aligns with established guidance on separating broad/narrow
responsibilities, limiting mesh-level queries, and reserving CCD for critical fast-

moving or thin geometry.

2.4 Performance Optimization

In Unity-based football games, performance is fundamentally about keeping each frame
within a tight budget while avoiding spikes that players can feel. On consoles a 60 fps
target leaves =~16.7 ms per frame; collision detection may consume on the order of
10-30% of that budget (=2-5 ms), so both the average and the worst-case cost of
collision queries matter. The most effective rule is to prune work early: use broad-phase
spatial locality, do cheap bounding-volume checks before expensive geometry tests,
exploit frame-to-frame coherence, and store data to favour cache/parallelism;
robustness (numeric and geometric) must be considered throughout to prevent rare edge

cases from blowing the frame(Ericson 2005).

For Unity match scenes, the dominant lever is spatial partitioning in the broad phase.
Around the pitch, a uniform grid sized near the ball diameter confines dynamic queries
to a few neighbouring cells; large mostly static structures (goal frames, stands) are
better kept in a hierarchical index (octree/BVH) that is refit rather than rebuilt as assets
move. Layers/masks trim away irrelevant pairs (e.g., excluding crowd meshes from ball
queries). Unity implementations of octree-based hierarchies show that hierarchical
culling scales to large 3D scenes and can be updated locally as gameplay changes—
principles we reuse for broad-phase collision culling even though that work targets

navigation—while preserving feasible per-frame costs(Massonnat and Verbrugge 2024).
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In more specialised Unity workflows that simulate many moving samples against
complex meshes, a clear split into broad vs. narrow phases (with octree or uniform-grid
inclusion lists) has been used to keep query sets small before triangle tests—an
approach directly transferable to football collisions when detailed mesh checks are
unavoidable(Moon et al. 2025).

The narrow phase should be rare and simple. Use primitive colliders (sphere for the
ball; capsules/boxes for posts and limbs) and reserve triangle-level tests for flagged
regions near the goal mouth or net proxies. Maintain fixed-timestep physics decoupled
from rendering, carry persistent contact information across frames to avoid flicker on
grazing contacts, cap depenetration speeds, and apply small contact offsets to stabilise
thin features. These choices align with guidance that emphasises minimizing expensive
queries, exploiting temporal coherence, and engineering for robustness so worst-case

behaviour stays close to the mean(Ericson 2005).

In practice this yields a Unity-friendly recipe: filter first with spatial data structures
(grid near the pitch, octree/BVH for static world), keep most contacts on primitives,
enable continuous collision detection only where it pays off (e.g., the ball), and track a
small set of budgets (pairs after broad phase, narrow-phase call count, miss/false-
positive rates, and per-frame collision/physics time) to iteratively tune the pipeline—
cutting cost where it matters without changing core gameplay(Massonnat and
Verbrugge 2024; Moon et al. 2025).

3 Approaches and Implementation

3.1 Development Environment

Experiments were conducted on a Windows 11 laptop equipped with an Intel® Core™
17-12700H CPU, an NVIDIA GeForce RTX 3060 Laptop GPU, and 16 GB RAM. This
configuration comfortably sustains real-time iteration in Unity with the Universal
Render Pipeline (URP) at 60 fps targets.

The project was created with Unity 6000.0.45f1, using the Universal 3D template and
URP as the rendering pipeline. Build Target: Windows, 64-bit. Physics units follow
Unity’s defaults (1 unit = 1 m; gravity —9.81 m/s?). A fixed timestep 0f 0.0167 s (60 Hz)

was used for general iteration; higher-rate tests can switch to 120 Hz as needed.

A minimal, reproducible starting scene was assembled to standardise scale and
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interactions. A Unity Plane at y = 0 serves as the ground/pitch placeholder. As shown
in Figure 3.1, from left to right: a goal frame authored in Blender and imported via FBX
at scale 1.0 (retaining “Use File Scale”; primitive proxy colliders added later); a
humanoid character from the Unity Asset Store configured with a Humanoid rig ; a
Sphere used as the football with Sphere Collider, Rigidbody , and a PBR
material/texture set for visual legibility; and a 1 m reference Cube (1,1,1) to validate

imported scales and camera FOV.

Figure3.1: The 3D models involved in the project

3.2 Aerodynamics Modelling

3.2.1 Magnus Effect(Football Area)

The Magnus effect describes the lateral “lift” that acts on a spinning ball as it moves
through air. When a ball rotates, the airflow separates asymmetrically around it, creating
a pressure difference across the flight path; the resulting force is perpendicular to both
the velocity and the spin axis (i.e., along w X v). In football, this mechanism explains
the familiar curving of a free kick or cross: sidespin bends the trajectory left or right,
topspin increases downward dip, and backspin delays descent, extending carry. Players
exploit these relationships deliberately—by striking off-centre and controlling foot
orientation—to shape the ball’s path around a wall or away from a goalkeeper’s
reach(Bray and Kerwin 2003).

From a modelling standpoint, the Magnus effect is typically represented by a spin-
dependent lateral term added to gravity and drag, producing smooth, predictable

curvature at match-relevant speeds and spins. Such simplified formulations capture the
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essential behaviour needed to reproduce curve kicks without resorting to heavy
computation, and they align with experimental and theoretical treatments of spinning-
ball flight in the football context(Asai et al. 2002).

In practical terms for interactive simulation, recognising the directionality (set by
w X v) and the general dependence on speed and spin is sufficient to recreate the core
perceptual effects: bending for sidespin, earlier dip for topspin, and extended flight for
backspin—precisely the behaviours players expect from curved free kicks and shaped

deliveries (Bray and Kerwin 2003).

3.2.2 Magnus Effect Implementation

This implementation attaches a lightweight aerodynamic model (Game demo
\Assets\Script\MagnusForceController.cs) to the football’s Sphere (with Rigidbody)
and updates forces each physics tick. The component enforces the presence of a
Rigidbody via [RequireComponent(typeof(Rigidbody))], caches the rigidbody in
Start(), and precomputes the projected area A = mr? from the inspector-exposed
ballRadius. The radius is set to 0.1075 m to match a size-5 ball (diameter = 0.215 m).
The same inspector panel exposes airDensity, dragCoefficient (C_D) and liftCoefficient
(C_L) for live tuning in the Editor. The aerodynamic coefficients use representative
mid-points from direct free-kick modelling: Cp= 0.28 and €;=0.26, which sit within
commonly reported ranges for match-relevant speeds and spins(Bray and Kerwin 2003).
At room temperature and atmospheric pressure, the air density is 1.2 kg-m™2 , all of the

above default parameters are configured as adjustable parametersin

Inspector(Figure3.2).
v Magnus Force Controller (Script)

Air Density

Ball Radius
Drag Coefficient

Lift Coefficient

Figure3.2: Adjustable parameters in Inspector

The Magnus effect constitutes a salient aerodynamic contribution only during airborne
motion of the football. Accordingly, the Magnus term should be evaluated exclusively
when the ball is off the ground and the translational speed exceeds a prescribed

threshold; otherwise, it is suppressed to prevent spurious forces at near-rest conditions.
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It then normalises the velocity to get direction, computes quadratic drag opposite the
motion, and the Magnus (side/lift) force perpendicular to both spin and travel. Formally,
the aerodynamic loads are modelled as a quadratic drag opposing motion and a Magnus

(lift/side) force perpendicular to both spin and travel:
Fp=-%pCp A|V|?V , Fy = %pCLA|v|* (@ X v)

Where A = mr? is the projected area, p is air density, C, and C, are drag and lift
(Magnus) coefficients, v is linear velocity, and w is angular velocity. The

translational dynamics are
myr =mg+ Fp + Fy,

a formulation widely used in football free-kick trajectory modelling(Bray and Kerwin
2003), since gravity is controlled by the Rigidbody component, the total force is Fp +
Fy (Figure3.3).

Start()
Cache Rigidbody; A= nr?

FixedUpdate() — ApplyAerodynamicForces()

Airborne check
position.y > ballRadius?

-
Apply aerodynamic forces only when the ball's centrej

Read velocities:

is above its radius (off the ground) to avoid spurious v = th.velocity, w = rb.angularVelocity ‘

Magnus/drag during contact.

= normalize(v) next tick

Return (no force this tick)

Drag:
FD=-%pC_ DAY

Lift dir:
£= normalize(w  v)

Magnus lift:
F_M=%pC_LAMF

Total:
F=F_D+F_M - rb.AddForce(F)

Figure3.3:Magnus effect implementation

In sum, the implementation reproduces spin-induced trajectory curvature via the
13



Magnus term which are essential for realism-oriented football simulations. These
capabilities substantially enhance the game’s realism, interactivity, and overall
enjoyment, and thus constitute a necessary component for realism-oriented football

simulations.

3.2.3 Air Resistance Implementation:

After the Magnus-effect script was introduced, the ball was not yet able to follow the
expected flight path. The immediate reason is that Unity’s default drag on a Rigidbody
is a damping model that exponentially attenuates velocity each physics tick. It is
convenient and stable, but it is not a physical air-flow model: it does not depend on air
density, cross-sectional area, or a drag coefficient tied to a shape; and it scales roughly
with the current speed (via velocity damping), not with the square of speed. As a result,
shots decelerate “too gently” at high speed and “too much” at low speed, yielding

curves and dip that do not match intuition once a Magnus term is also present.

In contrast, real-world air resistance on a ball is typically modelled as a quadratic force
that scales with ¥%pCp A ||v||*> and acts exactly opposite to the direction of travel,
where p is air density, Cp is a shape-dependent drag coefficient, and A = nr? is
the projected area. Quadratic scaling is crucial: it makes fast shots lose speed much
more quickly (and thus dip sooner), while slow passes bleed energy more gently. When
combined with a Magnus term, quadratic drag produces the familiar trade-oft observed
in play: strong early bend and noticeable late-stage drop for high-speed, high-spin kicks,
without the “sticky” low-speed damping artefacts of the default model.

To bring the simulation in line with this physical picture—while keeping Unity’s solver
and the existing Magnus script—we add a physics-based drag controller as a small C#
script(Game_demo\Assets\Script\AirDragController.cs) on the ball. First, the script
would precompute the area once in Start() (Figure3.5), then apply drag
formula(¥%2pCp A ||v||*) once per physics tick in FixedUpdate() (Figure3.5).

Several small choices make it robust and game-friendly. First, early exit for very low
speed (v.sqrMagnitude < 0.01f) avoids micro-forces that can jitter a nearly stationary
ball. Second, using v.sqrMagnitude avoids a square-root each tick while keeping the

correct quadratic dependence. Third, all key parameters are Inspector-tunable—
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airDensity, dragCoefficient (C_D), and ballRadius—so designers can match the

project’s chosen baseline without code changes (Figure3.4).

v Air Drag Controller (Script)

Air drag parameter

Air Density 1.2
Drag Coefficient 0.28
Ball Radius 01075

Figure3.4: Air drag parameters in Inspector

This controller is then used together with the Magnus component: the Magnus script
computes the lateral/lift force along and adds it; the drag controller adds the quadratic
decelerating force along; both apply their loads once per FixedUpdate(). The Magnus
script already gates forces to airborne states and to speeds/spins above small thresholds,
ensuring that contacts dominate near the ground and that spurious forces are suppressed

at near-rest conditions.

Start()
Cache Rigidbody; A= r® from ballRadius

FixedUpdate() — ApplyAirDrag()

L

Read velocity v = rb.velocity (or linearVelocity)

Speed threshold?
v*z¢e

Return (no force this tick)

next tick

Unit direction ¥ = normalize(v)

Compute drag:
FD=-%pC_ DA}V

N\, S

rb.AddFarce(F_D)

Figure3.5: Air Resistance Implementation
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This physics-based drag module not only augments and stabilizes the Magnus-effect
functionality, but also brings airborne trajectories closer to real-world behaviour and
provides a simple lever (via airDensity/dragCoefficient) to emulate scenarios such as
strong-wind conditions with heightened aerodynamic resistance. The results will be

detailed in later chapters and demonstrated in the demo video.

3.3 Collison Detection

3.3.1 Colliders Implementation

In Unity, a collider defines the contact shape used by the physics engine to detect
intersections and generate contacts. It is a geometric proxy (primitive or mesh) and,
when paired with a Rigidbody, produces physically simulated interactions; without a
Rigidbody it serves as static scenery. Primitives (Sphere, Capsule, Box) are fast and
numerically stable; mesh colliders follow detailed geometry at higher computational
cost. Colliders can be set as triggers (overlap events only) or solid (produce

contacts/impulses).

The football uses a Sphere Collider aligned to its visual mesh (Figure3.6). A sphere is
rotation-invariant, yields stable contact normals, and works well with continuous
collision detection; it also matches the aerodynamic model’s radius parameter one-to-

one.

Figure3.6: Sphere collider on the football
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The frame of the goal model employs a Mesh Collider to track the visible geometry
closely (Figure3.7), providing high fidelity around the posts and crossbar and
requiring little authoring effort because no manual proxy shapes are needed. However,
this choice carries a higher CPU cost than primitive colliders, works best when
concave meshes remain static, and can be more sensitive to grazing contacts at the
triangle level—often necessitating carefully tuned contact offsets. As the project
matures, the frame can be replaced in the physics layer by capsule/box proxies to
improve performance and robustness while retaining the detailed render mesh for

visuals.

Figure3.7: Mesh collider on the goal frame

The goal net is implemented with Unity’s Cloth component to produce visually
plausible deformation as the ball enters the goal. Cloth’s built-in constraints and
damping deliver convincing motion without custom solvers; however, the interaction
is one-way—it receives collision feedback but does not apply forces back to
Rigidbodies—so on its own it cannot catch or slow the ball. In this configuration,
Cloth functions primarily as a visual layer. To obtain physical interaction, the next
subsection introduces an explicit net—ball collision solution so the ball can be

genuinely impeded and retained by the net.
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The player uses a compound of Box and Capsule colliders (torso/pelvis as boxes;
limbs as capsules) to approximate anatomy and improve contact precision for
shielding, tackles, and deflections. For performance-critical builds, this setup can be
switched to a single Capsule to reduce collider count—an optimisation path discussed
later (Figure 3.8).

Figure 3.8: Precise collider and capsule collider on player

3.3.2  Goal Net Collision Implementation

Unity’s built-in Cloth component provides a general-purpose deformable-surface
model for games. It approximates fabric with a mass—spring system augmented by
constraints/damping to resist stretching and wrinkling, updating vertex positions in real
time and supporting basic collider interaction. Its strengths are ease of setup and
visually plausible motion without custom solvers; its main limits are resolution and
performance at high stiffness or large meshes, where stability often requires small
timesteps or additional constraint enforcement. For higher fidelity or bigger cloths,
pipelines commonly pair Unity Cloth for visuals with GPU/compute-shader methods

to maintain frame rates(Va et al. 2021).

In a goal-net context, Unity’s Cloth alone is one-way (it receives collisions but does not
return forces), so it cannot truly “catch” and slow the ball. Two practical routes exist.
First, a third-party solver (e.g., Obi Cloth) provides two-way coupling but at CPU/GPU
cost for large nets. Second, a hybrid approach keeps Cloth for visual deformation and
adds a physical proxy behind it—rope/particle strands with radius or sparse
strip/capsule colliders—driven by a simple elastic law. Concretely, treat each strand—

ball contact along the normal as a spring—damper:
Fspring = —kx , Fdamp = —CVpre »

where x is penetration (or constraint stretch) and v,;the relative normal velocity. The

18



applied force

Fpe: = Fspring + Fdamp

yields an elastic net effect—bounce and retention—while CCD, collision filtering (ball-
only), and a small effective thickness ensure stability. This delivers the desired “slow—

catch—settle” behaviour with predictable performance(Bordas 2013).

To give the net true catch-and-slow behaviour without abandoning Unity Cloth, a thin
Box Collider is placed just behind the cloth sheet and set to Is Trigger. A simple C#
script is attached to this box to apply an elastic spring—damper reaction to the ball along

the box’s normal, emulating an elastic net panel.

Attachment and trigger path. The script runs in OnTriggerStay, and only reacts to
objects tagged Ball(Figure3.9).This guarantees that only the football is processed and
that a valid Rigidbody exists.

Select the panel’s normal from the box’s local axis (Forward/Up/Right) via
normalMode; this yields a world-space direction aligned with the collider face. If
invertNormal is enabled, flip it to face incoming balls. Normalize to unit length so
distance, velocity projection, and force calculations using n are correctly scaled. Using
the ball centre center and a point on the plane p0 = transform.position, the signed
distance to the plane is s = dot(center - p0, n), and the penetration depth is d = s +
ballRadius. Forces are applied only when d > 0 and within a safety penetration limit to
avoid extreme springs. Elastic law and force clamping. Along the normal, the script

computes the Kelvin—Voigt force
Fret = —(kx + cvpen,

with spring stiffness springK = k, damping dampingC = c, penetration x = d, and normal relative
speed v_rel = dot(rb.linearVelocity, n). The scalar magnitude is clamped to a maximum to avoid

spikes, then applied to the ball(Figure3.9).
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OnTriggerStay(other)
Only process objects tagged "Ball”

/

Fetch Rigidbody from the ball

/

Choose normal n
(Forward / Up / Right, invert optional)

/

Compute penetration depth d:
s = dot(center - planePoint, n)
d = s + ballRadius

Within effective range?

d > 0 and d < penetrationLimit next frame (stay)

MNormal velocity va = dot{v, n)

N\

Spring—damper:
f=-(kd+cwn)

™

Clamp force: f = clamp(f, -maxForce, maxForce)

N,

Apply force to ball:
rb.AddForce(n - f)

Return (no force this tick)

Figure 3.9: Goal net collision implementation

This implementation provides a lightweight yet effective physical goal-net: it slows,
catches, and settles the ball. Paired with the Cloth component for visual deformation, it
looks more like a real net; the results will be detailed in later chapters and demonstrated

in the demo video.

3.3.3 Colliders Switching

This section aims to implement LOD (Level of Detail) process to balance fidelity and

cost, each player avatar carries two collider sets: a precise compound rig (boxes +
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capsules for torso/limbs) and a coarse single Capsule Collider. A lightweight manager
monitors proximity to the user-controlled player (and/or the ball) and camera visibility;
when an Al player is near/onscreen, the precise set is enabled and the coarse set disabled;
when far/offscreen, the precise set is disabled and the coarse capsule is enabled. This
yields high-quality contacts where the player can perceive them while keeping narrow-

phase workload low for distant actors.

The application method is to add a script as a controller to the player-controlled avatar.
The script requires a collider on the host, exposes a logical spherical radius for gating,
and a tag to discover Al players.On each Al root GameObject place the coarse Capsule
Collider (root/parent). Put the precise colliders (boxes/capsules per limb/torso) on child
objects. The controller groups these into “parent” vs “child” sets using a small container

type (Figure 3.10).

Awake() finds all tagged Al roots (skipping anything inside the player’s own hierarchy),
collects root colliders into parentCols and descendant colliders into childCols, then

cleans duplicates/nulls(Figure 3.10).

SetEnabled(List<Collider>, bool) (Figure3.10) safely flips Collider.enabled, iterating
backward, removing null entries in place, and only writing when the state actually

changes—so it remains robust even if targets are despawned at runtime.

ApplyEnableStateByDistance() (Figure3.10)treats the player’s position as the centre of
a spherical region and, for each tagged Al root, compares the squared distance to the
squared detection radius. If an Al lies within this region, the method enables the precise
colliders on the child objects and disables the coarse collider on the root object. If the
Al lies outside the region, the method disables the precise child colliders and enables
the coarse root collider. Squared distances are used to avoid computing square roots

each frame.

At startup, Start() calls ApplyEnableStateByDistance() once to establish the initial
configuration; Update() then calls the same method every frame to maintain continuous

switching, which can later be throttled to timed polling if desired (Figure 3.10).

OnDrawGizmosSelected() (Figure 3.10) draws an editor-only visual aid in the Scene
view when this GameObject is selected. It first sets a translucent green colour (new
Color(0,1,0,0.25%)), then renders a sphere centred at transform.position with radius
detectionRadius using Gizmos.DrawSphere(). This preview shows the effective

detection region for collider switching and does not affect runtime physics or
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builds(Figure 3.11).

Awake()
Find all GameObijects with targetTag
Build groups:
- parent colliders on root
- child colliders on descendants

Each frame: distance-based switching
(optional: could be timed polling)

(Deduplicate & prune nulls)
N Y
b
~
Start() OnDrawGizmosSelected()
. . Draw translucent sphere (radius = detectionRadius)
Apply initial enable/disable once for visual tuning
 J
Update()

l

ApplyEnableStateByDistance()
center = player position
12 = detectionRadius?

'

For each target group:
root position — dist® to center

Inside sphere?
(dist® < r?)

Enable precise child colliders
Disable coarse parent capsule

Disable precise child colliders
Enable coarse parent capsule

Figure 3.10: Colliders switching

Figure 3.11: Visual Aid
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With one script on the player and a simple parent (coarse) vs child (precise) collider
layout on every Al character, the system performs Collider switching automatically:
nearby/visible players use accurate compound colliders; distant/off-screen players fall
back to a single capsule—preserving contact quality where it matters and saving
narrow-phase work elsewhere. The results will be detailed in later chapters and

demonstrated in the demo video.

4 Results

4.1 Supporting Features Implementation

To better verify the features implemented in the previous chapter, several auxiliary test
features were added. The first is a minimal player movement controller—classic and
deliberately simple—used only to move a test avatar around the scene while exercising

collisions and ball interaction. The following are three relatively important features.

The first function is “movement”, the script (Game demo\Assets\Script\freeplay\
PlayerMovement.cs) requires a Rigidbody, caches references in Start(), and, in
FixedUpdate(), reads Horizontal/Vertical axes, forms a world-space move vector, and
advances the body with rb.MovePosition(...) using a constant moveSpeed and the fixed
timestep. It also updates an Animator parameter ("Speed") from the input magnitude
for basic walk/run blending. When input is non-zero, the avatar smoothly turns to face
the motion direction via Quaternion.Slerp toward Quaternion.LookRotation(move).
This yields stable, physics-friendly locomotion without custom controllers and is

sufficient for testing contact, ball control, and camera setups(Figure4.1).
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Start()

A

GetComponent<Rigidbody=() — rb
GetComponent<Animator=() - animator

A
FixedUpdate()

A

horizontal = Input.GetAxis("Horizontal")
vertical = Input.GetAxis("Vertical”)

Y

move = Yector3(horizontal, 0, vertical)

rb.MovePasition(rb.position + move * moveSpeed * Time.fixedDeltaTime)

A

currentSpeed = move.magnitude
animator.SetFloat("Speed”, currentSpeed)

move != Vector3.zero?

target = Quaternion.LookRotation{move)
rb.MoveRotation(Quaternion.Slerp(rb.rotation, target, 0.15f))

End FixedUpdate (loop next tick)

Figure4.1: Movement feature

To better verify the features implemented in Chapter 3, a second auxiliary script
(Game_demo\Assets\Script\PlayerKick.cs) provides, based on input, a shooting utility
capable of producing shots at different angles, powers, and—when desired—spin.
When the shoot key is pressed, the script begins charging and resets all modifiers
(upward angle, side-spin, downward-spin flags), updates an on-screen spin indicator,
and temporarily disables orbital movement so input focuses on the kick setup. While
the key is held, it accumulates charge time each frame and listens for arrow-key
modifiers: Up assigns a fixed loft angle; Left/Right set a side-spin direction; Down arms
a downward-spin toggle. Ul feedback is updated accordingly. Release occurs either
when the key is lifted or when the maximum charge duration is reached, after which
ReleaseKick() triggers the animation and maps charge to impulse with Mathf.Lerp(0f,
maxKickForce, chargeTime / maxChargeDuration). The script then calls TryKickBall(),
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which searches balls by tag, filters by distance and view cone, computes a launch
direction by pitching transform.forward by -upwardAngle, and applies the force
impulse plus optional torque for spin (side-spin via Vector3.up, downward-spin via
Vector3.right). Finally, transient state is cleared and orbital movement re-
enabled(Figure4.2).

Start Charging
On KeyDown(A): isCharging=true,
chargeTime=0, reset flags,
ShowStraight(); disable OrbitMovement

'

Charging Loop (Update)
chargeTime += dt; clamp to max

!

Arrow Inputs?
Up/Down/Left/Right set:
upwardAngle / spinDirection /
applyDownwardSpin; UpdateUI()

;

Release Condition?
KeyUp(A) or chargeTime >= max

ReleaseKick()

animator.SetTrigger("PlayShooting”)
force = Lerp(0,maxKickForce, chargeTime/maxCharge)

TryKickBall(force)
Find balls with tag; for each:

Within range & cone?
(distance <= maxDistance
and angle <= detectionAngle/2)

/és No

Compute direction
Rotate forward by -upwardAngle
AddForce(direction*force, Impulse)

/ No (return)

Optional spin
If spinDirection != 0 - AddTorque(up*sign*fixedSpinTorque)
If applyDownwardSpin - AddTorque(right*downwardSpinTorque)

Reset state

chargeTime=0; spinDirection=0;
applyDownwardSpin=false;
enable OrbitMovement

End Update (loop)

Figure4.2: Kick feature

The third supporting feature is a charge bar UI that visualises shot power while the key
is held—common in football games and helpful for controlling test power precisely.
The script (Game demo\Assets\Script\ChargeBarController.cs) exposes a maximum
charge time and tracks the current charge; it also references a Filled Image for display
and the charge key. In Update(), holding the key accumulates time and clamps it to [0,
maxChargeTime]; releasing (when resetOnRelease is true) resets the bar. The fill

amount maps linearly from charge to UI(Figure 4.3).
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Start (scene loaded)
(maxChargeTime, chargeKey, resetOnRelease,
chargeBarFill set in Inspector)

Update()

Is charge key held?
Input.GetKey(chargeKey)

resetOnRelease == true?

currentCharge += Time.deltaTime
currentCharge = Clamp(0, maxChargeTime)

No

currentCharge = 0

Y

Update Ul:
chargeBarFillfillAmount = currentCharge / maxChargeTime

Y

Figure 4.3: Charge bar Ul

4.2 Implemented Features Tests

All the following tests will be demonstrated in the demo video.

4.2.1 Curved Free-Kick with Magnus

To verify that the Magnus module produces the expected lateral bend, a simple,
repeatable test rig was built. As shown in Figure 4.4, a row of alternating black—white
vertical cubes was placed downrange to create clear “gates.” After launch, the cube that

is struck—or the gap the ball passes through—provides an immediate visual readout of
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trajectory deviation.

Figure 4.4: Black—white fence

To remove confounds from the input and charge mechanic, the shoot key always
charges to full and auto-releases; the loft angle is fixed in the shooting script (no user-
controlled elevation), and a ball reset returns the ball to the identical origin and facing
for each trial. Thus every shot starts with the same initial position, direction, and speed;

only spin is varied.

Two conditions were tested: with sidespin, the ball’s path showed a clear lateral
curvature, consistently exiting through gates offset from the straight-line baseline, and
this deflection was stable across repetitions and aligned with the qualitative expectation
for a curved free-kick; with topspin/backspin, after rotating the black—white fence by
90° to encode vertical deviation, the visible change over the available flight distance
was modest, indicating that—in this setup—the lateral effect is easier to perceive, while
the vertical effect would likely require a longer flight path or stronger spin to be equally

salient.

4.2.2 Air Resistance

To simplify verification of the drag implementation, a free-fall test was used to check

whether the quadratic air-resistance model was applied correctly. The target model is
1 2
F D — E pC DAv ’

which, for a body dropped from rest and falling a vertical distance S, yields the impact
speed

S) = 2mg 1 CpA
v(S) = e i (L= exp[~(pCoA/m)S])
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Here m is mass, p air density, Cp the drag coefficient, and A = mr? the projected

area.

Test parameters matched a size-5 ball: m =0.43 kg,r=0.1075m, 4 =~ 0.03142 m?,
p=12kg/m3, Cp=0.28 ,g=9.8 m/s?. Using the formula above, the expected

impact speeds are:
S=5m:v= 956m/s
S=10m:v = 13.06 m/s
S=20m:v~=17.30m/s
S=30m:v= 1990m/s

Procedure in Unity: a thin trigger plane was placed just above the ground to read the
ball’s pre-impact speed in OnTriggerEnter. The ball was equipped with the air drag
script and moved to the test heights by setting transform.position.y (5, 10, 20, 30). With
this setup, the measured console speeds were 9.05, 12.78, 17.25, 19.98 m/s, respectively.

Because the drag force is updated at a discrete rate, the measurement can only
approximate the continuous solution. In Unity, forces are applied once per FixedUpdate
and integrated over a finite timestep, whereas the analytic curve v(S) assumes
continuous time; this creates time-discretization error, since the drag term uses the
previous step’s velocity to approximate v2. Execution order within the solver also
matters: drag is applied in the same tick as contact handling, so the recorded speed can
differ slightly from the *“ideal” pre-impact value. Our sensor further introduces
sampling bias, because speed is read when the ball crosses a thin trigger plane placed
just above the ground rather than at the exact mathematical impact point; contact offsets
and limited CCD precision at high speeds add small discrepancies. Minor rounding of
parameters and the geometric convention of using centre height SSS instead of S—r
likewise shift the result by a few tenths of a metre per second. Given these constraints,
perfect agreement with the closed-form expression is not expected. In practice, the
observed deviations remain within a reasonable tolerance for real-time simulation,

indicating that the desired physical behaviour has been achieved.

4.2.3 Goal Net Collision

To validate the hybrid net interaction, the player avatar was positioned in front of the
goal and performed power shots with different charge durations. The visible sheet is

still Unity Cloth, which provides the deformation cue as the ball enters. Behind it, a
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thin Box Collider set to Is Trigger runs the elastic proxy script. At runtime, for every
frame the ball overlaps the trigger, the script computes the panel’s outward normal
and the signed penetration of the ball centre relative to the panel; penetration d>0
activates a Kelvin—Voigt response Fp,; = —(kx + cv,,;) along the normal, clamped
by a force limit and an effective penetration window. This yields a two-way effect: the
Cloth shows the look, while the trigger panel returns force so the ball slows and bounces

back rather than pass straight through.

Empirically, across most charge levels the outcome matches expectations. Low—
medium shots dimple the cloth and rebound cleanly; stronger shots penetrate deeper,
then are pushed out by the spring—damper term, with bounce energy modulated by
(stiffness) and ¢ (damping). Although the script uses a physically motivated law, the
goal here is credible interaction, not exact force reconstruction, and the behaviour is

satisfactory for gameplay.

At very high speeds, occasional tunnelling was observed (the ball exiting the net
volume). Possible causes include: trigger-based detection with finite fixed timestep
(missed overlap between steps), insufficient CCD on the ball,
penetrationLimit/maxForce (parameters in the script) too conservative to arrest motion

within one or two ticks, and cloth—trigger spacing that leaves a narrow “no-force” gap.

4.2.4 Colliders Switching Test
To exercise the proximity-based collider LOD (Level of Detail), the script

(Game_demo \Assets\Script\freeplay\ ProximityCollisionController.cs) was attached to
a collider-bearing bone on the user-controlled player (e.g., chest). A translucent sphere
in the Scene view shows the active range. An Al player was placed within this range
and equipped with two collider sets: a fine, body-part compound setup and a coarse
single capsule on the root. At runtime, the controller continuously checks distance and,
when the Al is inside the range, activates the fine colliders while deactivating the
capsule; when the Al moves outside, the states swap. This is immediately visible from
the collider wireframes and confirmable in the Inspector. No code knowledge is
required to understand the behaviour: nearby actors receive high-fidelity collision for
precise contact, whereas farther actors automatically revert to a cheaper capsule

representation to save computation.

Across repeated trials—walking the controlled player toward and away from the AI—
the switching remained smooth and stable, with no visible jitter. This demonstrates that
the script delivers the intended “high detail when near, simplified when far” policy,
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preserving perceptual quality around the player while improving performance

elsewhere in the scene.

5 Discussion

5.1 Coefficients in Magnus Effects

In our implementation, the lift and drag coefficientsC; and Cp were treated as
constants to obtain stable, designer-legible behaviour for curved kicks. A reasonable
objection is that, physically, these coefficients should vary with flow regime—most
saliently with speed (via Reynolds number) and with spin (via the non-dimensional spin
factor S =rw/V). Indeed, studies on other dimpled balls show strong spin—speed
coupling: for golf balls, measured lift can change sign in the drag-crisis regime (the
“reverse Magnus” effect), and both C; and Cp vary with Re and S in ways tied to
surface design (dimples) and boundary-layer state (laminar vs turbulent) (Lyu et al.
2020).

For footballs, however, the open literature used here provides fewer stable,
generalisable laws linking C;to S across the full, game-relevant envelope. Much
applied work in soccer trajectory modelling therefore adopts constant or piecewise-
constant coefficients chosen within empirical ranges that reproduce plausible free-kick
curvature and dip over typical speeds and spins, rather than attempting to resolve
detailed boundary-layer transitions for each strike type and panel geometry (e.g.,
discussion of simplified free-kick models in our background review). In other words,
while a spin-dependent Cj (S)is more mechanistic, a constant C;is often the pragmatic
choice in interactive simulations that prioritise stability, tunability, and frame-budget

predictability.

This design stance also aligns with how many commercial football games communicate
“curve ability.” Instead of exposing fluid-dynamic parameters, titles typically assign a
player attribute that scales bend: mechanically, this is equivalent to modulating an
effective C; (and, to a lesser extent, the drag context via Cp) per shooter, without
requiring per-shot estimation of § or Re. Such a mapping preserves creative control—
strong free-kick specialists receive higher effective lift response—while avoiding the
brittle behaviour that can arise if C; sharply varies near regime boundaries (as golf
data warn)(Lyu et al. 2020).
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5.2 More Authentic Aerodynamics

In real football play the ball’s construction—panel count, seam geometry, groove
width/depth, and overall surface roughness—has first-order effects on drag, side force,
lift, and the onset of the drag crisis (critical Reynolds number). Wind-tunnel evidence
shows that modern match balls with fewer, more complex panels (e.g., 6-panel and 4-
panel designs) shift the critical Reynolds number and alter mean drag in the
supercritical regime; the Nike Flight (4-panel) exhibits higher surface roughness, a
smaller critical Reynolds number than 6- and 32-panel comparators, and measurably
different drag/force fluctuation characteristics. In particular, Flight’s supercritical Cp
is marginally higher, while the standard deviations of side and lift coefficients are
slightly smaller—implications that map directly to perceived carry, stability, and
knuckle susceptibility in play. These effects are traceable to panel seam length, groove
width, and seam topology, all of which modulate boundary-layer transition and
separation(Asai and Hong 2021).

Environmental conditions add another layer. Turbulence intensity and flow
unsteadiness influence transition velocity and the stability of the separated shear layer;
the stadium environment is typically more turbulent than low-turbulence tunnels used
to characterise baseline coefficients, so in-stadium aerodynamics can deviate from lab
baselines. A more authentic model would therefore treat Cp and the lift/side-force
response as ball-specific and condition-dependent, with parameters that vary with
Reynolds number, spin factor, and ambient turbulence (wind gusts, atmospheric
stability), rather than fixed constants.

That level of fidelity, however, exceeds what most contemporary football games target.
The commercial expectation today prioritises predictability, controllability, and budget
stability over reproducing ball-by-ball, weather-dependent aerodynamics.
Consequently, many implementations adopt constant or piecewise-constant coefficients
and expose game-design controls (e.g., player “curve” skill, ball presets) instead of
modelling panel-geometry and turbulence explicitly. A pragmatic path forward is to
keep the current stable baseline and introduce selective authenticity knobs—for
instance, presets per licensed ball (reflecting measured roughness/drag trends) and
optional “wind/turbulence” scenarios that gently adjust Cp /lift variability without
destabilising gameplay. This balances physical plausibility with designer agency, and
leaves headroom for future research-backed updates when reliable, game-ready
parameterisations for football-specific panel effects and atmospheric turbulence

become available.
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5.3 Details Processing

LOD is a long-established optimisation strategy in Unity and is especially pertinent to
physics-intensive, realism-oriented football simulations. The core idea is to present
high detail only where it matters (near the camera) and progressively simplify
elsewhere, typically by swapping among several representations as viewing distance
changes. Unity’s LODGroup workflow formalises this pipeline and makes distance-
based switching a first-class, authorable control, which reduces draw and simulation

costs without compromising perceived quality near the point of focus(Thorn 2016).

Within this project, some LOD-like thinking was already applied on the physics side—
e.g., switching between a precise per-limb collider rig and a coarse capsule for off-range
players, and using a hybrid goal-net where a lightweight elastic proxy provides force
feedback while Cloth supplies appearance. These are directionally sound for a sports
title that must simulate many contacts per frame. However, the work did not include a
rigorous performance validation of these measures. In particular, the collider switching
and elastic net were not profiled against baselines (e.g., average/95th/99th percentile
frame time, contact counts, solver iterations) to quantify the benefit or reveal
regressions. Likewise, while third-party cloth solvers (such as Obi Cloth) can deliver
two-way, force-coupled nets, they also increase CPU/GPU load; in this study, we did
not supply persuasive measurements comparing “hybrid net vs. advanced solver” under
match-scale conditions. A deeper evaluation matrix—varying player counts, camera
setups, and collision layers—would convert these optimisations from plausible design

choices into demonstrated wins.

Beyond performance, a finer granularity of interaction remains an open avenue for
authenticity. In realistic play, first touches and ball control involve distinct body parts—
instep drives, toe pokes, laces, thigh or torso traps, and headers—with forces applied at
anatomically precise locations and along appropriate tangential directions. Treating the
avatar as a single rigid target may suffice for arcade experiences but constrains realism
in a simulation-leaning design. A more detailed approach would standardise per-bone
colliders for feet, shins, thighs, torso, and head with coherent sizes and contact offsets;
route contact forces to the ball from the correct bone transform and local surface normal;
integrate animation events and IK so that strikes occur on the animated contact surface
rather than the model’s coarse envelope; and apply contextual filters that privilege the
foot during a shot or the chest during a trap to suppress spurious touches. These

practices are common in contemporary football games because they enable believable
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first touches and controllable spin generation.

6 Conclusions and Future Work

This dissertation implemented and evaluated a compact set of systems intended to push
a Unity-based football prototype toward simulation-grade behaviour while preserving
runtime stability. On the aerodynamics side, a Magnus-effect module and a quadratic
air-drag controller were composed into a lightweight, inspector-tunable flight model.
Empirical tests—curved free-kicks against a black—white “gate” array and free-fall
speed measurements via a pre-impact trigger—confirmed the expected qualitative
outcomes: sidespin produced clear lateral curvature; quadratic drag yielded speed-
appropriate deceleration that aligned with closed-form predictions to within small,
explainable tolerances. On the contact side, a hybrid goal-net combined Cloth for visual
deformation with an elastic proxy that returns force, achieving credible “catch and
rebound” without heavy solvers. Finally, a colliders switching feature enabled precise,
per-limb colliders only where the player can perceive them, while distant actors fell
back to coarse capsules—an approach designed to stabilise frame time in match-scale

Scencs.

The work has limits. Coefficients C; and Cpwere treated as constants for robustness
and designer legibility, although in principle both depend on Reynolds number, spin
and surface state. The net proxy occasionally exhibited tunnelling at extreme speeds, a
known consequence of discrete time, thin geometry and conservative force caps.
Collider LOD and the net solution were not accompanied by formal performance
profiles (e.g., average/95th/99th frame time, narrow-phase counts, solver iterations)
that would convert plausible savings into demonstrated wins. Finally, contact fidelity
remains simplified relative to commercial references: most interactions used body-level

proxies rather than anatomically precise, animation-aware surfaces.

Future work falls into three tracks. Aerodynamics: introduce a gentle spin-aware C;(S)
curve (or a small set of presets) that preserves stability while improving spin realism;
provide ball presets that encode panel/roughness tendencies; expose environmental
presets (wind/turbulence/altitude) that nudge Cpand variability within safe bounds.
Collision and interaction: expand body-part-level colliders and drive them with
animation events/IK so strikes originate from the correct surface and orientation; use
continuous collision detection (CCD) selectively on the ball and net proxies; add a thin

“thickness” buffer near the net to reduce missed overlaps. Performance and tooling:
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institutionalise measurement by logging broad-phase pairs, narrow-phase calls, and per-
frame physics time; run ablations for “precise vs. coarse colliders,” “hybrid net vs.
Cloth-only/third-party solver,” and “CCD on/off”; explore GPU-assisted broad phases
(grid/BVH refits) to stabilise worst-case cost. Together, these steps would close the gap
between the current credible prototype and a production-ready, simulation-leaning

football experience.

7 Reflection and Learning

The first thing I would like to talk about is the selection of the topic. We should choose
something with more research depth and a cleaner bridge to current literature. A key
takeaway from this project was the challenge of balancing practical development goals
with a sharply defined research question. The project's scope, while resulting in a
functional prototype, could have been more tightly focused to facilitate a more direct
contribution to existing literature. Next time I’d define the problem around a sharper

hypothesis so the work plugs straight into what others are already publishing and testing.

During my writing process, I realize game-industry papers rarely exist for the things I
wanted to copy. Studios almost never publish academic write-ups of their shipped
systems, and the really interesting bits—physics tuning, collision pipelines, animation
contact tricks—are often trade secrets. University libraries won’t save you here. The
better source is the developer ecosystem: open-source repos, community posts, issue
threads, and the occasional talk or code sample. If I want to make this kind of work feel
truly “research-connected,” I need to get comfortable mining those community artefacts
and turning them into structured experiments: read their code, replicate a minimal

version, measure, and report.

On the skills side, 1 picked up the basics of Unity’s physics and collision principles,
learned what the main components actually do, and used C# to drive and combine them
in practice. That foundation let me script behaviours, wire up forces, and reason about
how colliders, rigidbodies, materials, and animation interact, but it’s only a start. Next,
I need to dig into optimisation—understanding how updates, allocation, and solver
steps affect frame time—and, in parallel, study common gameplay features as they’re
really implemented in code. That means reading and reproducing well-known, script-

driven patterns (input, camera, movement, shooting, contact filters), measuring their
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cost, and then refining them. I also plan to keep a simple, repeatable set of test scenes—
a drop test, a kick rig, and a stress room—so I can validate changes with numbers

instead of gut feeling while I keep deepening my C# and Unity chops.

Finally, I need to read more game code and play more great games with an engineer’s
eye. That means browsing popular open-source projects, dissecting sample scenes, and
reverse-engineering feel: how do they time foot-ball contacts, where do they place
colliders, how do they hide solver hiccups? My takeaway is simple: the path to
believable football physics isn’t a single grand theory. It’s a stack of small, testable
moves—each measured, each tuned, each grounded in code that other developers can
read and run. If I keep narrowing the question, learning from the community, and

proving changes with data, the next iteration will be both more rigorous and more useful.
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