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Preface

Photorealism is the term that de nes the degree of reality in images that has been generated.
That is, images not taken with a traditional camera but generated arti cially. These methods
vary from painting an image manually (back in the 1960s when the term photorealism was coined)
to generating images with Arti cial Intelligence (Al). Irrespective of the method that has been
employed for creating the image, they are all called photorealistic, the image looks like it has been
photographed. However, there is a question that most of us do not ask when someone calls an
image photorealistic. The question is,\Photorealistic to what extent?"

In this thesis, we will start by discussing the problems associated with the creation of computer
vision datasets that comprise real world photographs. Followed by a discussion of methods that
others have incorporated to overcome the shortcomings with real-world dataset creation. Then, we
will apply one of the method in our use case that is maritime infrastructure. Spoiler alert! We will
create synthetic datasets with game engines. Yes, game engines (with an \S"), there's two of them.
The synthetic images from both the game engines will replicate the scenarios from a real-world
dataset. In the end, we will place the synthetic images from both the game engines next to the
real dataset image and ask \Photorealistic to what extent?" The di erence is this time, alongside
asking, we will answer it as well.

P.S. Someday | will do something similar for the term Cinematic.



Abstract

Computer vision for real-world applications faces data acquisition challenges, including accessibil-
ity, high costs, di culty in obtaining diversity in scenarios or environmental conditions. Synthetic

data usage has surged as a solution to these obstacles. Leveraging game engines for synthetic
dataset creation e ectively enriches training datasets with increased diversity and richness. The
choice of game engine, pivotal for generating photorealistic simulations, signi cantly in uences
synthetic data quality.

This thesis aims to compare Unreal Engine's and Unity Engine's capabilities in generating
synthetic maritime datasets to support ship recognition applications. To this end, the real-world
maritime dataset ShipSG has been replicated in the corresponding game engines to recreate the
same scenarios. To this end, a true-to-scale 3D model of the Doppelschleuse was crafted using
Blender, aiming to reproduce the scenery of the ShipSG images. This model is further used in the
corresponding game engines, along with 3D models of di erent vessels, to recreate these scenarios
in rendered synthetic datasets.

The performance of the generated synthetic datasets is benchmarked against the real-world
ShipSG dataset using the YOLOv8 model for ship segmentation. The comparison includes an
assessment of performance di erences between manually annotated synthetic datasets and those
with auto-generated annotations by Unity Engine. Additionally, the comparison investigates ef-
fects, such as sunlight presence and lens distortion, to nd the con guration that most enhances
performance when using YOLOvV8. The dataset generated using Unity engine with manual annota-
tions, both with and without lens distortion, provided the best accuracy in ship recognition (mAP
of 72.3%). Both were used to augment the ShipSG dataset to train YOLOV8. The con guration
with lens distortion provides the highest mAP increase, of 0.4% compared with YOLOv8 perfor-
mance on ShipSG when no synthetic data is used (76.5% vs 76.9%). This evidence underscores
that utilizing game engines can e ectively support and enhance ship recognition tasks.

This thesis demonstrates the potential of synthetic datasets to augment real-world maritime
data, highlights the importance of detailed and accurate 3D modelling, and systematically provides
a methodology to select the most tting game engine for the generation of photorealistic images
to enhance maritime computer vision applications.
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Chapter 1

Introduction

This chapter presents the core motivations and goals of the thesis. We will introduce the potential
of synthetic data generation in the maritime domain using game engines, set the stage for a
comparative study of photorealistic synthetic images, and motivate their application to enhance
real-world maritime datasets for computer vision tasks.

1.1 Motivation

The eld of computer vision has witnessed signi cant advancements, driven by the availability of
large scale datasets for training machine learning models [1]. These datasets typically consist of
images captured in real-world scenarios, showcasing a variety of events and occurrences [1]. Ideally,
the events depicted in these images should re ect those occurrences accurately. However, achieving
this ideal scenario is not always possible. Several factors hinder the creation of such datasets:

~ Data acquisition cost: obtaining real-world data can be expensive. The logistical cost asso-
ciated with the equipment and infrastructure add to the overall cost of acquisition.

~ Data bias: real-world data can experience data bias because of environmental conditions,
sampling methods. This limits the information and can contribute to unfair results.

Privacy and ethical considerations: datasets from the real-world can contain information
that is sensitive and raise concerns for privacy and ethical usage. Complying to privacy and
ethical regulations is crucial for dataset creation and usage.

In the maritime domain, these challenges are amplied by several factors. First, the envi-
ronmental conditions in maritime environment are unpredictable and harsh with factors like fog
and rain can a ect the visibility and image quality [2]. Second, the limited viewing points from
which images can be captured, restrict the perspectives from which data can be collected [3].
Further, the vastness of the maritime environment adds to the logistical cost and e ort spent on
data acquisition. The quality of the data that needs to be acquired is the next critical aspect to
consider.

Synthetic data generation has emerged as a promising alternative that addresses the limitations
of real dataset [4]. Synthetic datasets o0 ers the ability of generating datasets on demand, including
scalability, reproducibility and customisation [5]. By leveraging advanced simulation techniques
like a game engine, highly detailed synthetic datasets that simulate maritime scenarios can be
generated [3][4][6]. Exploration of multiple viewpoints, dynamic sequences provides for a compre-
hensive data for instance segmentation. Furthermore, it facilitates cost-e ective data generation
and eliminates the need for extensive resources.
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1.2 Goals of the Thesis

The primary goal of this thesis is to conduct an empirical comparison of synthetic images generated
by Unity and Unreal game engines, focusing on their quality and photorealistic attributes, and the
performance when used to augment real-world maritime datasets. The breakdown of the subgoals
of this research are:

Photorealism Simulation: Explore how the Unity and Unreal game engines simulate
photorealism in synthetic maritime datasets. This includes the recreation of a detailed 3D
model of a port infrastructure and ships present. Moreover, with an analysis of rendering
methodologies that contribute to image realism, such as textures, materials, lighting, and
dynamic environmental e ects such as sky and water.

Systematic Comparative Analysis of Game Engines: Benchmark synthetic datasets
rendered with the game engines against real-world maritime datasets to assess quantitatively
their relative quality and usefulness. The comparison will focus on the accuracy in ship
segmentation using these datasets.

Study of Photorealism E ects: Identify and analyze the critical parameters that in uence
the photorealism of synthetic images. This goal aims to derive insights on optimizing game
engine settings for enhanced realism in maritime synthetic dataset generation.

Augmentation of Real-World Datasets: Investigate the potential of using synthetic
datasets to augment real-world maritime datasets in improving the performance of computer
vision models, speci cally focusing on ship segmentation tasks.

Through these objectives, the thesis will provide a comprehensive evaluation of the capacities of
both game engines to produce high-quality, photorealistic images for computer vision applications,
thereby informing future uses and developments in synthetic data generation.

1.3 Structure of the document

The theoretical foundation of perspective, along with 3D modelling software Blender, Game En-
gines and a game engine component Skybox is discussed in Chapter 2. Chapter 3 contains discus-
sion on prior works that have carried out in real-world ship segmentation, use of synthetic datasets
and game engines of the generation of synthetic datasets. The creation of a true-to-scale model of
the Doppelschleuse along with its materials and vessel models is covered in Chapter 4. Chapter
5 elaborates the methodology that has been followed for the creation of synthetic dataset in both
the game engines. The experimental setup for the analysis along with the results in presented
in Chapter 6. In Chapter 7 the outcome of the thesis is summarised and concluded. Finally, in
Chapter 8, future work is suggested.



Chapter 2

Theoretical Background

Prior to the description of the methodologies used in this thesis, there are some theoretical founda-
tion which discussion eases the understanding of them. In this chapter, we will start by describing
a photography phenomena, the perspective, vanishing point and lens distortion. This is followed
by a description of Blender a tool that supports 3D modelling. Subsequently, we will brie y discuss
game engines and we will establish a baseline for game engine comparison. Lastly, an important
common component of game engines, the skybox, is introduced.

2.1 Perspective, Vanishing Point and Lens

When taking a photograph of the real-world, we are trying to represent a 3D world on a 2D surface
(photograph). The appearance of the objects in the 3D world and its representation on a 2D surface
depend on factors like the position of the photographing camera, the focal length of the lens that
is being used and the relative position and orientation of the objects to the camera. By changing
any of these factor, can result in a di erent reproduction of the 3D world on the 2D surface. To
match the real-world images to the images in the game engine, it is important that these factors
coincide. In this section we will be discussing certain aspects of perspective drawing that will help
us match the real-world images to the images that are being formed in the game engines.

Figure 2.1: Vanishing Point on the Horizon
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The rules of perspective are techniques applied in painting to give a at surface a sense of
depth, much like taking a photograph. The major rule of perspective is that parallel lines in the
3D world when (as seen in the g.2.1) projected, all cross at the same point in the 2D space. This
point is called the Vanishing Point (in red, g.2.1). The vanishing point lies on the Horizon, which
is imaginary horizontal line that lies on the eye level of the viewer. Tracing the vanishing point on
real world image (g. 2.1) helps in understanding the orientation of the camera with which it has
been photographed.

Another phenomenon that images exhibit islens distortion . Lens distortion is the deviation
from the ideal projection that is, the image appears to be deformed or curved unnaturally. Consider
this, if the straight lines traced in the g. 2.1 for the vanishing point wouldn't have appeared
straight, then there would have existed a lens distortion in the image. There are ve major types
of lens distortions, Barrel, Pincushion, Mustache, Chromatic Aberration and Vignetting [7].

In the scope of this thesis, Barrel distortion is important. Ideally the horizontal and vertical
lines (g. 2.2) in an image should be appear straight (also seen in g. 2.1). Barrel distortion cause
vertical and horizontal lines to bend outwards from the center of the image and occurs with wide
eld of view lenses [8]. Another reason for a Barrel distortion to occur is if the size of the image
plane (diagonally) is larger than the focal length of the lens [9].

Figure 2.2: No Distortion (left) and Barrel Distortion (right). Image Source [10]

In the Chapter Environment setup in game engines, we will trace the vanishing point and
observe the lens distortion on an image from a real dataset. Doing so will provide us with the
orientation of the real camera, and help us in the mimicking the same in synthetic images.

2.2 Blender

To craft a 3D model of that should be similar to real world, we need a 3D modelling software that
can create complex models in le formats compatible with the generation of synthetic images later
on. Blender [11] serves as tool for that.

Fundamental Tools

Boasting a comprehensive suit of tools for modelling, animation, rendering and compositing,
Blender has emerged as a powerful tool for 3D modelling and content creation. Some of the
fundamental tools include

Measure tool [12] - helps with measuring distance or angles and areas within the 3D scene.
This tool is helpful in ensuring that the size of the models correlate their real-world counter-
part.
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~ Extrude tool [13] helps in creating new geometry by extending existing faces, edges, or vertices
along their normals or speci ed directions.

Knife tool [14] facilitates cutting and creating new geometry within a mesh object.

Besides these tools Blender also provide, Camera [15], useful for de ning the viewpoint from which
the scene will be rendered, and Light [16], that helps in illuminating objects or scenes.

Blender o ers the ability to assign materials to the models. The materials can be baked
onto the model or assigned with the help of an external image. Baking materials [17] optimise
the scenes for faster rendering or export them to external applications while preserving the visual
delity of the materials. Shader Editor [18] provides support for assigning material with the help of
external image les [19]. By default a Shader Editor initiates with a Principled BSDF (Bidirectional
Scattering Distribution Function) [20] node that helps in adjusting material properties like, Base
Colour, Roughness, Alpha (transparency) etc. There is also provision for generating materials
procedurally [21] and materials that are transparent like glass.

These comprehensive features make Blender the ideal choice for creating realistic models while
maintaining the level of detail and accuracy required for complex structure.

An in-depth use case scenario of the Blender tools and methods of creating materials is explained
in Chapter 4 Model Creation. Creation of every model and materials are explained individually.

2.3 Game Engine

Game Engines are complex, multipurpose tools designed for the development of games. Though
Game Engines are not 3D modelling software, they o er a development environment which can be
reused for variety of games, sometimes even without the knowledge of scripting [22] [23].

Modern game engines are built on component architecture [24], where each component handles
a particular task. Major components are: Audio, which handles the sound design and music of the
game; Physics Engine, which helps in simulating physics; Scripting, which o ers the ability to add
custom codes in the game; Animation, which enables the capability of animating; and the most
important component for the creation of synthetic image datasets, the Rendering Engine, which
handles the graphics rendering.

2.3.1 Rendering Engine

When considering 3D games, one often rst thinks of the stunning graphics. The rendering en-
gine is where the action happens. The camera, lighting, and objects| with their materials and
textures|are placed to prepare the scene for rendering. The rendering engine then compiles this
scene setup and executes the rendering process.

(a) Camera Frustum with Near and Far Planes (b) Viewing Frustum

Figure 2.3: Culling in Render Engine
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In a scene ( g. 2.3a), there are objects placed at certain positions along with the camera and the
light source. The camera has con guration much like the real-world camera. Based on the camera's
con guration ( g. 2.3a), near and far clipping planes are assigned by the render engine, where the
objects in the scene are visible. Game engine makes use of this information and calculates the
matrix to transform the objects from the scene's world coordinates to the viewport of the camera.
Occlusion culling [25] takes place and the objects that are outside the viewing frustum are cut o .
Objects that lie inside the viewing frustum are rendered ( g. 2.3b).

In this thesis, the rendering engine holds the utmost signi cance in the game engine, as we will
use the rendered image for experimentation.

2.3.2 Contemporary Game Engines

Companies such as Ubisoft [26], Rockstar games [27] have their own proprietary engines. Rela-
tively smaller studios or independent developers make use of ugh third party game engines. As
of December 02, 2022 ( g.2.4) the two most popular game engines are the Unity Engine and the

Unreal Engine [21]. These two game engines together hold more than 50% of the market. Thus,
these two game engines are chose as the contenders for comparison in this thesis.

Figure 2.4: Popular Game Engines, Source: Slashdata (December 2, 2022)

2.3.3 Unity Engine

Announced at the June 2005 Apple Worldwide Developers Conference, Unity Engine [28] holds the
highest number of users. Credited as the easy to use for beginners [29], Unity o ers support for
iOS, Android, macOS, Windows as well for XR (Extended Reality). Unity Engine o ers two devel-
opment pipelines; the Universal Render Pipeline (URP) [30] and High De nition Render Pipeline
(HDRP)[31]. The URP is optimised for performance and supports wider range of platforms, in-
cluding mobile devices. The HDRP is designed for high-end performances and prioritises visual
quality over performance. Unity engine is free for students and hobbyists [32].

2.3.4 Unreal Engine

Cited as the most successful game engine [33], Unreal Engine [34] was primarily used for rst
person shooter games. The rst game that was built using the engine is Unreal [34] in the year
1998 [35]. The game engine Unreal was developed by Epic Games and is available for free for
students, educators, hobbyists and companies generating less th&i million USD. The pricing for
companies generating ove1 million USD in annual gross revenue and are not creating games is
$1,850 per seat [36].
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The source code is written in C++ and Unreal provides its own Blueprint Visual Scripting [22]
for those who are not familiar with the C++ language. The current stable version in Unreal Engine
5.3.

2.3.5 Baseline for game engines comparison

So far we have seen the features of both the game engines. To make sure that both the game
engines have the same level for a fair photorealism comparison in rendering images for maritime
computer vision applications, it is important to set some baseline for consideration before we dive
into the experiment.

~ The version of both engines should have similar rendering capabilities.

~ Considering the rendering capabilities of both the engines, the most recent stable version of
both the game engines should be considered.

Given this baseline, Unity Engine HDRP 2023.2 and Unreal Engine 5.3 are selected for com-
parison in this thesis.

2.4 Skybox

The Skybox is a common component in game engines that helps with the creation of a visually
immersive background, setting the scene mood. Skyboxes can be cube maps or panoramic images
projected onto the interiors surface of the game world. This technique is used to simulate the
appearance of a distant scenery or the sky itself.

Both the game engines are capable of creating procedural sky [37][38]. But, the generated
procedural sky in both the game engines will di er. In the scope of this thesis, it is important that
the sky in both the game engines match each other. Therefore, the procedural skybox is replaced
by a static skybox. The static skybox in both the game engines will carry the same material for
the sky. Thus, the sky appears consistent in the respective game engines.

(a) Skybox - Cube Map (b) Unfolded Cube Map Skybox

(d) Panoramic - Unfolded
(c) Skybox - Panoramic Source [39]

Figure 2.5: Skyboxes - Cube Map and Panoramic

A cube map skybox , as the name implies, forms a cube when folded. A common shape
that the skybox takes when unfolded is shown in g. 2.5b It comprises six images that a player
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sees when looking in that direction (front, left, right, up, down and back) (g. 2.5b) The game

world is positioned inside this cube map skybox (g. 2.5a) Apanoramic skybox (g. 2.5d) is a

single panoramic image that encircles the game world in a latitude-longitude (cylindrical) fashion
(9. 2.5¢).

A panoramic skybox material can be used with a cube map skybox. When applying a panoramic
skybox material (g. 2.5d) to the cube map skybox, the game engine optimises the panoramic
skybox material and matches it to the shape of cube map (g. 2.5b). This is true for skyboxes
whose shape di ers from the two discussed as well (see Section 5.3.1).

In this project, four panoramic skybox materials ( g. 2.5¢, 2.5d, A.2, A.4) are used with both the
game engines. The four skyboxes are sourced from Poly Haven [40]. The chosen skybox materials
facilitates the creation of skies with overcast, clear and cloudy conditions. The implementation of
the skybox for both the game engines is elaborated in Sections 5.2.1 and 5.3.1. The rst of the
four sky boxes can be seen in g.2.5d, the rest can be seen in the Appendix (g. A.2, A3, A.4).



Chapter 3

Prior Work

In Chapter 2 Theoretical Background, we have discussed important concepts that will be utilised

in this thesis. Moreover, we discussed rendering in game engines and the reason behind selecting
Unity and Unreal as game engines and laid the baseline of the comparison. In this chapter, we will
observe existing works in the literature, which will help understand the problems associated with
the creation of maritime real-world dataset. Followed by a discussion on a real-world maritime
dataset that will be utilised for the creation of synthetic images and as a benchmark for the
comparison. Then we will have an overview of the existing work on synthetic dataset creation
and why game engines are suitable for it. In the end, some existing comparison of the two game
engines will be discussed.

3.1 Real-world datasets for maritime computer vision

Instance segmentation methods, normally reliant on deep learning [1], aim to identify object in-
stance in an image at the pixel level, delineating its shape with a mask. These methods require
datasets to be trained [1]. In the scope of the maritime domain, general purpose instance segmen-
tation datasets like COCO [41] do not t the task of ship recognition. Maritime domain requires
images from the real-world that showcases varied ship data with precise annotations including
the ship class, masks and features like geographical coordinates. Existing datasets related to ship
detection that are Singapore Maritime Dataset (SMD) [2], SeaShips [42] and the dataset by Chen
et al. [43]. These datasets su er from a lack of annotations for instance segmentation, limited
diversity in ship types, and the absence of a favorable oblique view, all of which complicate the
process of georeferencing. To over come these obstacles with ship segementation, a novel dataset
ShipSG [44] was created by DLR Bremerhaven.

ShipSG is a real-world dataset for ship segmentation and georeferencing available in the public
domain. The images in the dataset showcase the Fischereihafen-Doppelschleuse, port basin in
Bremerhaven, Germany. The dataset ( g.3.1) comprises 3505 images using two di erent cameras
with static and oblique view. Overall, 11625 ship masks annotated manually are grouped in seven
classes. The seven classes are Cargo, Law Enforcement, Passenger/Pleasure, Special 1, Special
2, Tanker and Tug. Each image includes a geographic annotation specifying the latitude and
longitude of one of the ship masks depicted in the image. With the ShipSG dataset images, we
experience a Barrel distortion because the focal length of the lens is smaller than the diagonal size
of the camera sensor and the lens has a wide eld of view (FOV) (see section 2.1).
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Figure 3.1: Images from ShipSG dataset, showcasing the two camera views and annotated masks
and class

Acquiring these images of real-world datasets such as ShipSG is a di cult task in itself (as
discussed in Sectionl.1 Mativation). In the publication [2], Dilip K. Prasad et al have explained
the issues like changing illumination and weather conditions, variation in the appearance of the
objects. These challenges with data acquisition led to exploration of alternate means for creating
datasets, such as synthetic datasets to support real-world applications, which will be covered
by Section 3.3 In the next section we will be discussing a real-world maritime dataset and its
performance with segmentation model. This dataset will serve as a benchmark in our quest for
choosing the best game engine for synthetic maritime applications.

3.2 Instance Segmentation on ShipSG using YOLOvVS

As discussed in the previous section, deep learning algorithms depend on deep learning algorithms
that require task-speci ¢ data. In the publication [45], YOLOvS8 [46] was utilised for ship segmen-
tation and georeferencing using the ShipSG dataset (see section 3.1). YOLOVS is a state-of-the-art
real-time model computer vision model built upon previous YOLO (You Only Look Once) versions.
YOLOVS8 architecture provides support for object detection, instance segmentation, pose estima-
tion, tracking, and classi cation. YOLOVS8 also o ers customisation of the architecture along with

ve model sizes. The models range from the quickest and lightest to the deepest and most precise:
YOLOvV8n, YOLOvV8s, YOLOvV8m, YOLOVS8I, and YOLOvVS8X.

The mean Average Precision (mAP) is a widely used metric in computer vision that evaluates
the precision of a model's object detection and instance segmentation (mask of the object) capabil-
ities. It is computed by averaging the precision across all classes, where precision is de ned as the
ratio of true positive detections over the sum of true positive and false positive detections. True
positives are determined by whether the Intersection over Union (loU) between the predicted and
ground truth bounding boxes or instance masks exceeds a certain threshold. The formula for loU,
in the case of instance segmentation, is given by:

area(Mpred \ Mgt)
area(M pred [ M gt)

loU = (3.1)
Where Mpeq and Mg represent the predicted and ground truth masks, respectively.
The Average Precision for each class is then computed by summing the precisions at di erent
loU thresholds:
X
AP; = p(t) t (3.2)
t2T
In this formula, T is the set of loU thresholds (normally from 0.5 to 0.95),p(t) is the precision
at threshold t, and t is the di erence between consecutive IoU thresholds (normally 0.05).
Finally, the mAP is the mean of the AP values for all Njasses Classes:

1 N CXSSES

mAP = AP; (3.3)

classes i=1
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Instance segmentation using YOLOv8x performed on the ShipSG for the segmentation and
classi cation of ships yields a mean Average Precision (mAP) of 76.45%. This value is used
as benchmark for this thesis when evaluating the performance of game engines using synthetic
datasets. The performance of the synthetic dataset should be as close as possible to the benchmark
of the real-world dataset. To achieve the highest performance possible, the developments in the 3D
scenes of this thesis focus on the perception of the synthetic datasets as photorealistic as possible.
This will be described in detail in the following chapters.

In the following sections, we will discuss synthetic datasets as alternative to real datasets, which
will allow us narrow down the methodology followed in this thesis to obtain our own synthetic
datasets, that should be suitable suitable for maritime applications.

3.3 Existing Synthetic Datasets

Synthetic dataset generation has shown the potential to the issues of the real-world dataset ac-
quisition (Section 3.1) by creating arti cial images that simulate real-world scenarios, allowing
to address the limitations in real data availability and quality. By generating synthetic images,
researchers and practitioners have augmented existing datasets with diverse and realistic data,
improving the robustness and capabilities of computer vision models[3]. It was in 2010 that Simon
Baker et al. [47] proposed the rst realistic and a pure synthetic computer generated dataset, the
Middlebury Dataset.

Besides eliminating the obstacles of real-world data acquisition, synthetic dataset generation
has showcased other advantages ([48],[49],[50],[51],[52]), including:

Scalability: synthetic data generation techniques has provided with tools for creating large
scale datasets repressing diverse scenarios

Bias control: as the generation of dataset is within control, the extent of bias in the dataset
can be controlled. Moreover, by augmenting synthetic data in real these bias can be min-
imised.

Cost-e ective: generating synthetic dataset can be cost e ective and help in reducing the
time it takes for annotations.

Preserves privacy: The images are generated arti cially, the question of sensitive information
getting leaked is eliminated altogether.

Jonathan Becktor [3] et al. have regarded the use of synthetic dataset as a solution to their
data collection problems in maritime setting. Inclusion of synthetic data resulted in an increase of
3-5% overall performance in their use case (discussed in depth in section 3.4). Additionally it has
provided exibility with dataset creation and optimise the entire creation process.

MPI-Sintel [49] dataset was the rst dataset to make use of Blender [11], a 3D modelling-
animation software for the generation of synthetic images. The open source short Im Sintel [53]
was utilised to study optical ow. The MPI-Sintel [49] dataset provided with longer scene sequence,
along with specular re ections and atmospheric e ects that are missing in the Middlebury dataset.
These e ects made the generated images more realistic. While the MPI-Sintel dataset showcased
the use of animation software in generating synthetic dataset, there are limitations associated with
the use of Blender. For instance, Blender does not o er real-time interactivity, the physics in
Blender is again not real-time but baked. These limitations open the door for other simulation
methods, like Game Engines. In the following section, we will discuss at existing works where
game engines proved their capabilities in generating synthetic datasets.

3.4 Game Engines for Synthetic Data Generation

Using a 3D animation software for the generation of synthetic dataset paved a way for simulation
software. Simulation softwares where the real world can be recreated photo-realistically, rules of
the physics applies and can be tweaked to match the dataset needs, like playing a 3D game. Reason
why, Stephan Richter et al. [54] made use of the game GTA5 (Grand Theft Auto 5) to create large
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datasets with pixel-level labels. Thus reducing the human e ort and accelerating the development
of computer vision. DeepGTAV [4] is an open source framework to produce ground truth training
data. DeepGTAV has been utilised for object detection on Unmanned Aerial Vehicles (UAV) [4].

With game engines, a developer or practitioner is not bounded to the assets that are available
within a game. The CARLA [55] project is a open source simulator for autonomous driving in
urban layout built with Unreal Engine. CARLA is also used for the Virtual Tra ¢ Simulator by
the students at the Universi@at Bremen to replicate Borgfeld district in Bremen to improve tra c
handling [56].

Microsoft made use of game engine to build simulators for drones and cars in their project
AirSim [57].The AirSim project is available with both the Unreal and Unity game engine. Unreal
Optical Flow Demo showcases a patch that facilitates the implementation of the features on an
Unreal-based robot simulator, Pavilion [58]. The project also combines the use of Unreal Game
engine and the Robot Operating System (ROS) [59].

RobotriX [50] is a dataset by Alberto Garcia-Garcia et al that helps in solving robotic vision
problems. The dataset comprises of hyperrealistic indoor scenes explored by robot agents. To
record and generate the dataset, they built a tool called UnrealROX in Unreal Engine 4. An
improvised version of UnrealROX, UnrealROX+ [51] was presented in 2021. UnrealROX+ added
new features like Python API for interacting in virtual environment and generating albedo.

In the maritime domain, Jonathan Becktor [3] et al (also in section 3.1 Real-world datasets
for maritime computer vision) made use of Unreal Engine and created an environment similar to
Limfjorden in Denmark. Various ship models that are seen in Limfjorden were added in Unreal
Engine for the creation of synthetic datasets. This way, the complications with data collection
that they faced in their earlier project [48] was resolved. As a result the overall performance with
object detection improved by 3-5%.

As seen in all these projects, the use of game engines for the generation of synthetic dataset has
shown its potential. However, so far these works do not discuss the reason for which they selected
or developed their game engine for their computer vision application. Therefore, the next section
will review existing literature where game engines have been compared so that a scienti ¢ selection
of the correct game engine can be done.

3.5 Comparison of the Game Engines

Regarding the comparison of the two game engines under consideration for this thesis, Unity Engine
vs Unreal Engine, there is no extensive research on the topic.

In their publication [60], Ramiz Salama et al have only discussed the history, supported plat-
forms and marketing of both the game engines. Hussain Ali Juma Al Lawati [61] has presented a
similar comparison of the two game engines and stated that both the game engines are similar.

Paul E. Dickson et al [62] provided a subjective comparison where students were rst taught
game development with both the game engines and were asked to pick which one of the two is
easier to learn. The students credited Unreal engine as frustrating to learn. From faculty's point of
view, they cite Unity engine was easier but teaching Unreal engine provided more job satisfaction.

Antonn Smd [24] presented a comparison of the two game engines by building the same Pac
Man game. The comparison showcases the hardware pro ling of both the game engines on various
platforms such as a PC, laptop, mobile device and VR glasses. The visual comparison is subjective
and compared with Blender's visual delity. Alongside the author has also provided personal
opinion of the comparison.

Therefore, a scienti ¢ and quantitative comparison of both engines when generating synthetic
datasets, analysed for their speci c task, has not been found in the literature. In this thesis, we
tackle this comparison in the speci c task of ship segmentation from synthetically generated images
to nd a reasoning behind the selection of the game engine.
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Model Creation

In Chapters 2 and 3 we explored the foundations of photorealism, the use of game engines for
synthetic image generation, and existing applications that could be improved using them, namely
maritime computer vision applications like ship segmentation. Expanding upon the motivated
need to use game engines for such an application, this chapter focuses on the description of the 3D
models crafted and developed in this thesis. These models will take part in the complete 3D scene
that will be used later in the game engines to render synthetic images for ship segmentation, and
will allow the comparison of the engines.

We start by identifying structures from the real dataset, ShipSG, that are crucial for the
reconstruction. Following that, the modelling and the steps taken to ensure their scale matches
the real world are explained. Lastly, the section 4.3 highlights the vessel models that will be used
in the scene.

4.1 Breakdown of Real Image - Key Structures

As discussed in Section 3.1, the ShipSG dataset was captured with views to the Doppelschleuse
in Bremerhaven. From, Section 2.2 we know that game engines are not 3D modelling software.
Therefore, to create a true-to-scale 3D model replica of the Doppelschleuse, we make use of Blender.
Later, the handcrafted 3D model of the Doppelschleuse will be utilised in both the games engines.

To ensure that the 3D model of the Doppelschleuse is true to scale, Google Maps [63], along with
its measure tool, was employed to verify the model's adherence to real-world proportions. Google
Maps is a web mapping service developed by Google that provides detailed satellite imagery, street
maps, 360-degree panoramic views of streets (Street View), real-time tra ¢ conditions, and route
planning for traveling by foot, car, bicycle, or public transportation. The Doppelschleuse location
was visited and visually inspected on multiple occasions and documented for any details that have
been missed out on.

We begin by identifying the key structures that are visible in the ShipSG dataset. This helps
us narrow down the structures that are of prime importance and should exist in the 3D model.

Identifying the key structures

The images in the ShipSG dataset ( g. 4.1a) have been photographed from the rooftop of the Alfred
Wegener Institute (AWI) at the Doppelschleuse, Bremerhaven, Germany. The AWI building has
a glass exoskeleton visible in the foreground (g. 4.1b). The section of the rooftop where the
two sides of the exoskeleton meet faces the Doppelschleuse port basin, as can be seen in g. 4.1a.
The mid-ground ( g. 4.1b) comprises the street connecting the Doppelschleuse with the city and
the port basin with the two lighthouses. In the background (yellow, g. 4.1b) is the Weser river
dividing Nordenham to the left and Bremerhaven to the right.

Most relevant structures for the 3D scene recreation are in the foreground and the mid-ground.
The background comprises of the water body and distant land which are not that signi cant. Thus,
the Bremerhaven land (orange in g. 4.2) in the background has been omitted from the 3D model
to simplify the modelling. The key structures ( g. 4.2) that are pivotal for the the 3D-model and
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