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Unreal Engine 5 -pelimoottori on viime vuosina saanut suosiota erityisesti reali-
sisten peliymparistéjen luomisessa. Opinnaytetydn tavoitteena oli luoda realisti-
nen 3D-sisaymparistd Unreal Engine 5 -pelimoottorilla. Tarkoituksena oli tutkia
erilaisia 3D-mallinnustekniikoita ja -menetelmia realistisuuden saavuttamiseksi
pelimoottorissa.

Opinnaytety0ssa yhdistettiin teoreettinen tausta ja kaytannon kehitystyd. Tydssa
tarkastellaan Unreal Enginen uusia teknologioita ja niiden hyodyntamista realis-
tisuuden saavuttamiseksi seka mallinnuksen eri vaiheita. Projektin 3D-mallinnus
ja teksturointi toteutettiin Blender- ja Substance 3D Painter -ohjelmilla, ja lopulli-
nen ymparisto rakennettiin Unreal Engine 5 -pelimoottorissa.

Tulokset osoittavat, etta Unreal Engine 5 soveltuu hyvin realististen ymparistéjen
luomiseen ja tarjoaa tarvittavat tyokalut myads riittavan hyvan suorituskyvyn saa-
vuttamiseen. Pelimoottorin uudet teknologiat mahdollistavat realistisen ymparis-
ton luonnin ja sen reaaliaikaisen renderdinnin.

Opinnaytetyon tuloksena syntyi interaktiivinen ja visuaalisesti realistinen 3D-si-
saymparisto, jonka kehitysprosessi tarjoaa hyodyllista tietoa realististen peliym-
paristojen rakentamisesta Unreal Engine 5 -pelimoottorissa. Lisaksi projekti
osoittaa, kuinka tietyt mallinnustekniikat ja uudet tyOkalut voivat helpottaa tyopro-
sesseja ja lyhentaa kehitysaikaa. Jatkotutkimus voisi tarkastella, miten Nanite- ja
Lumen -teknologioiden kayttd vaikuttaa pelimoottorin suorituskykyyn erilaisissa
ymparistoissa.
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This thesis focuses on the use of Unreal Engine 5 for creating realistic 3D interior
environments. The objective was to design a highly realistic 3D interior environ-
ment using the engine, while the aim was to explore various 3D modeling tech-
niques and methods for achieving realism within the engine. The project demon-
strates how modern game engine technologies can enhance both visual fidelity
and performance.

The environment was developed using Blender for modeling, Substance 3D
Painter for texturing, and finalized in Unreal Engine 5. The theoretical section
explores Unreal Engine 5’s new technologies and their application to realism, as
well as the different stages of 3D modeling. The practical section focuses on ap-
plying these concepts to create the final environment.

As a result, an interactive and visually realistic 3D interior environment was cre-
ated. The development process offers useful insights into building realistic game
environments. The findings demonstrate that Unreal Engine 5 is well-suited for
creating realistic environments and provides powerful real-time rendering capa-
bilities. Future research could further explore the impact of Nanite and Lumen on
different kinds of game environments.

Key words: 3D modeling, Blender, realism, Unreal Engine 5
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ABBREVIATIONS AND TERMS

Blender

Environment

Nanite

Normal

PBR

Rendering

Substance 3D Painter
Texture

Topology

Unreal Engine 5
uv

Workflow

A free and open-source 3D modeling program

Digitally created space consisting of objects in a three-
dimensional space

Unreal Engine 5’s virtualized geometry system

Vector perpendicular to a surface or polygon

Physically Based Rendering, a realistic rendering ap-
proach

Generating digital images of a 3D scene

Texturing software made by Adobe

2D image that can be applied to the surface of a 3D
model

The arrangement and flow of vertices, edges and faces
on a 3D model

Game engine made by Epic Games

Coordinate system used to map a 2D texture onto a 3D
model

A step-by-step process that can be repeated



1 INTRODUCTION

The creation of realistic 3D environments in game engines is now much more
accessible than ever before. Unreal Engine 5 introduced two powerful technolo-
gies, called Nanite and Lumen. Nanite offers optimized geometry rendering, and
Lumen provides real-time global illumination. These technologies improve the en-
vironment creation workflow and allow realistic environments to be rendered in

real-time.

This thesis goes through the process of creating a realistic 3D environment using
Unreal Engine 5, with the help of Blender and Adobe’s Substance 3D Painter.
Blender is a free 3D modeling program and Substance 3D Painter is a texturing
program. The project aims to take advantage of Unreal Engine’s new technolo-
gies to achieve realism while ensuring optimal performance within the game en-

gine.

The creation of realistic environments requires a diverse set of skills, including
3D modeling, texturing and understanding of lighting. Bad geometry, noticeable
issues in textures, or bad lighting can break the illusion of realism, so the mastery
of all these steps is required when trying to create a realistic environment. Though
Unreal Engine 5 has many options one might never need to use, it is still important
to know its most important tools to be able to use it to its fullest potential. The

same logic applies to Blender and Substance 3D Painter.

In this thesis a practical project is done to help showcase the environment crea-
tion workflow and the integration of these tools and technologies.



2 REALISM IN GAMES

2.1 Realism in Game Development

The advancement of video game graphics has had a big impact on the video
game industry. Game graphics have evolved from pixelated to photorealistic and
screen resolutions have drastically increased. New rendering technologies such
as global illumination and ray tracing have become increasingly popular in video
games and increase the realism of shadows and lighting (Atreya 2022, 5353).
These graphical improvements do also raise some challenges for developers, as
highly detailed games need to also run somewhat smoothly on lower-end hard-
ware. The pursuit of realism is still beneficial for driving innovation in both soft-

ware and hardware.

The improvement of video game graphics has resulted in increasingly immersive
game experiences for players and increased players’ expectations, as they de-
mand more realistic environments in games they play (Atreya 2022, 5354). Mod-
ern hardware and rendering technologies mostly eliminate constraints on how
realistic games can look. Developers no longer need to design around hardware

limitations and can instead focus on their own creative visions.

The introduction of NVIDIA’s RTX graphics cards in 2018 was a big leap for real-
ism in video games. It made it possible to achieve real-time performance of ray-
traced global illumination, thanks to dedicated cores speeding up the ray-tracing
process. Global illumination (Gl) has been a fundamental aspect of achieving re-
alistic lighting in rendered scenes and game developers are constantly seeking
to improve it (Toth 2021). It simulates how lighting interacts with geometry and
material surfaces by taking absorption and reflectiveness into account. It still pre-
sents some challenges in terms of computational power and efficiency. Unreal
Engine 5 currently incorporates this technology, making it accessible for game

developers.



2.2 Unreal Engine 5: New Technologies

Unreal Engine 5 is Epic Games’ successor to Unreal Engine 4, first released in
early access on May 26, 2021. Epic impressed game developers with a new tech
demo showcasing the new engine and its features (Makuch 2021). Projects cre-
ated in the engine tend to look very realistic right out of the box, making the cre-

ation of photorealistic environments more accessible to developers of all levels.

With the release of Unreal Engine 5, Epic Games introduced their own hybrid
global illumination solution that provides support for both non-ray tracing and ray
tracing graphic cards. The software ray tracing solution uses a Signed Distance
Field (SDF) representation of the scene to efficiently trace rays and surface
caches to quickly retrieve lighting data. The hardware solution focuses on the
intelligent use of ray tracing (Toth 2021). Although NVIDIA’s RTX graphics cards
can improve performance and visual fidelity in Unreal Engine 5, they are not re-
quired for achieving real-time global illumination in the engine. Lumen ensures
that games made with Unreal Engine 5 can still achieve realistic lighting on a

wider range of systems thanks to its software implementation.

Nanite is another key feature introduced in Unreal Engine 5. It is a virtualized
geometry system that uses a new rendering technology and internal mesh format
to render high counts of detailed 3D assets. It eliminates the need for creating
multiple LOD (Level of Detail) versions of an asset, making it easier to include
detailed and complex geometry in a game while maintaining performance. High-
poly models, such as photogrammetry scans or ZBrush sculpts, can be directly
imported without having to decimate geometry and bake detail into normal map
textures. (Unreal Engine n.d). The ability to create environments without needing
to spend extra development time on creating LODs for assets streamlines the
modeling process. According to Unreal Engine, Nanite should generally remain
enabled, as any static mesh with it enabled will typically take up less memory and
disk space and render faster. It is worth noting that the usage of many unneces-
sarily high-poly models can bloat the size of game files, and careful optimization
is therefore still needed. As Nanite and Lumen are both still relatively new tech-

nologies, they may still have some performance issues.



2.3 Importance of Lighting and Texturing for Realism

A key component in making realistic video game graphics is called PBR, which
stands for Physically Based Rendering. PBR materials use unique texture maps
that control different properties of the materials and determine how light reacts to
them. The shader automatically solves calculations based on the laws of physics
(Mesquita 2021). PBR has become a fundamental aspect of modern game de-
velopment because it provides consistency across different environments and
programs. Standardizing the way materials are rendered helps make different 3D

platforms more compatible with each other.

Instead of just using one base color texture for a 3D model's material, PBR allows
the use of several types of texture maps. These include, but are not limited to,
normal, roughness, and metalness maps. The metallic workflow adopted by sev-
eral game engines uses these three as its main maps, but other maps, such as
normal and roughness maps, can also be used (Mesquita 2021). Giving materials
many different adjustable properties can make them appear more realistic in a
game environment. A metal object that is only using an albedo (base color)
map would look flat and not realistic at all. However, adding a metallic map with
a high metalness value can effectively simulate the reflective qualities of real
metal (picture 1). The degree of realism can become especially high when com-

bined with surface details like scratches or dents included in a normal map.

PICTURE 1. 3D Cube textured using a PBR material. The left image shows the

full material and the right image shows only the normal and height channels.



10

3 DEVELOPMENT PROCESS

3.1 Tools and Software Selection

For this thesis, | will use Unreal Engine 5 as the main application, as well as
Blender and Adobe’s Substance 3D Painter. It is crucial to understand that Unreal
Engine 5 is a video game engine and such, other applications are necessary in
creating realistic 3D assets. Although the engine has some simple modeling ca-

pabilities, it is almost impossible to create complex models within the engine itself.

For creating the environment's assets, | will be utilizing Blender. It is a free and
open-source 3D modeling software tool. It is highly compatible with Unreal En-
gine 5 and 3D models can easily be exported from it via FBX or USD file formats.
For texturing and material creation, | will use Adobe’s Substance 3D Painter, a
professional tool for creating PBR textures. Textures created with Substance 3D
Painter can be exported in a format compatible with Unreal Engine 5’s material

editor.

These tools together make a suitable pipeline: modeling in Blender, texturing in
Substance 3D Painter, and final assembly in Unreal Engine 5. This combination
is efficient and makes sure that the final environment is as realistic as is needed

for this project.

3.2 Environment Design Process

In order to make all the 3D assets look realistic and as if they are within the same
environment, it is advisable that artists ensure that there is a constant texel den-
sity across all the models in a scene. This is to ensure that the different compo-
nents of a scene look as if they are part of the same environment and thus create
a more realistic scene. (GarageFarm.NET n.d). Having some objects appear no-

ticeably blurrier than others is not good for creating realism.
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Texel density is determined by the object’s size and its texture resolution. A high-
resolution texture increases detail while increasing the size of an object makes it
appear blurrier. Texel density is measured in pixels per centimeter, and it can be
manually calculated by dividing the texture resolution with the object’s size. (Dries
2023). Blender does not come with a tool for checking texel density, but a useful
add-on called Texel Density is available for free. Changing texel density later on
can be a bit challenging so it is best to determine and set the correct texel density

at the start of the environment design process.

3.3 Workflow for 3D Model Creation

The traditional approach to making 3D models is called the high-poly to low-poly
workflow. However, another workflow for hard-surface modeling has recently
been adopted in several AAA games, called the medium-poly or mid-poly work-
flow. In this workflow, just one version of the asset is created. Making changes to
a baked asset requires a lot of time and effort, so the mid-poly workflow removes
a destructive part of the pipeline. There are still many situations where the high-
low poly workflow is preferable, such as smaller hero objects, objects with organic
shapes, or assets with a lot of material variety. (Patscheider 2020). | won’t be
making any smaller hero objects or organic shapes for my project, so the me-

dium-poly workflow is suitable for it.

When making 3D objects with the mid-poly workflow in Blender, the Weighted
Normal Modifier should be used. Face-weighted vertex normals can make ob-
jects look better in terms of shading than objects that use standard smooth shad-
ing. Face-weighted normals consider the angle of the adjacent faces which allows
for a smoother transition of light across surfaces (Alexandrov 2020). This results
in better shading, particularly on hard edges and beveled surfaces, as opposed
to the often inconsistent lighting seen with standard smooth shading. Picture 2
shows the difference between averaged and weighted normals on two beveled

cubes that are identical in terms of topology.
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Weighted normals

Averaged normals

PICTURE 2. Two beveled 3D cubes using different shading methods in Blender.

The mid-poly workflow is particularly well-suited for the creation of an interior en-
vironment consisting of mostly hard-surface models. | chose to implement this
workflow in my project to test its advantages and simplify the modeling process

for the interior environment.

UV unwrapping can be started after 3D modeling is finished. First, seams need
be marked on the model in Blender. Essentially all sharp edges on the model
should be marked as seams. To make sure the UVs are not too stretched, the
Display Stretch option should be turned on in Blender. Stretching can generally
be fixed by adding more seams. The resulting UV islands can be scaled individ-
ually to give specific parts more or less detail. The last step of UV unwrapping is
called packing. Although Blender’s default UV packing algorithm can be used, it
is not very efficient. This is why | opted for a paid Blender addon called
UVPackmaster 3, which provides a much more effective way to pack UV islands,

minimizing wasted space.

3.4 Texturing and Material Techniques

Channel packing is a handy technique for optimizing PBR textures in Unreal En-
gine 5, as it allows four distinct textures to be stored in the same file. A maximum
of four channels can be present in digital photographs, and each one may have

a distinct texture. For instance, alpha can be utilized for a mask texture, blue for
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ambient occlusion, green for roughness, and red for metallic. Channel-packed
textures should be created in a lossless format like PNG or TIFF. Using only three
channels results in one channel having one extra bit because these formats can
compress to 16 bits. Since the roughness texture typically contains the most in-
tricate information, this is often the green channel. Packed textures can easily be
exported from Substance Painter to Unreal Engine 5 by using the Unreal Engine
4 (Packed) output template, which combines ambient occlusion, roughness, and
metallic textures into one (Hof, 2023). The base color and normal map are ex-
ported as their own texture files. The textures can then be applied to a material
in the Material Graph panel. Channel packing results fewer texture files and in
optimized texture memory usage. Having fewer textures helps keep the project
files tidy. A packed texture exported from Substance 3D Painter is shown in pic-

ture 3.

Base Color Normal Map Packed Texture
Occlusion, Roughness, Metallic

PICTURE 3. Exported PBR textures from Substance 3D Painter. The packed tex-

ture consists of occlusion, roughness, and metallic texture maps.

3.5 Lighting Setup

Within Unreal Engine 5, the available light types include directional lights, point
lights, spot lights, rectangular area lights, and sky lights. Blender uses very similar
types of lights. Using the right kind of light is important for each lamp object. A
fluorescent lamp for example should use a rectangular area light instead of a spot
light or point light to make the light spread wider and more realistic. It is important

to adjust the color temperature and light intensity settings so that the lighting looks
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natural and fits the surrounding environment. A warmer tone could fit in living
space, while a colder tone could be more suitable for a more industrial environ-

ment.

3.6 Optimization for Performance

One method of optimizing performance in Unreal Engine 5 is called culling, which
is enabled by default but can be manually adjusted according to performance
needs. It helps reduce the rendering workload by omitting objects that aren’t vis-
ible or necessary for the player’s current viewpoint. It optimizes frame rates and
can even reduce power consumption. This is particularly beneficial for games
running on mobile or other low-power devices. (McCole 2023). If the player is
facing away from an object, there is no real need to render it and it is better to

focus rendering power on details in the player's immediate surroundings.
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4 PRACTICAL PROJECT

4.1 Goals and Scope

The primary goal of this practical project was to create a realistic interior environ-
ment in Unreal Engine 5 by using techniques and technologies discussed previ-
ously. | wanted the confined space to be quite small to not make the scope too

large.

The interior environment was modeled after the basement floor of an apartment
building, which features a hallway and a laundry room. In the modeling process |
heavily focused on real-world accuracy. The environment was designed for real-

time exploration from a first-person perspective.

4.2 Initial Design and Layout of the Environment

To start the project, some reference photos of hallways and laundry rooms were
gathered. | used a free program called PureRef to collect and organize the refer-

ence images into one space.

The initial environment layout was created with the help of Blender's Archimesh
add-on (picture 4). It is a free add-on that comes with Blender and can be enabled
from the add-ons menu. It allows the generation of architectural elements such
as ceilings, walls, doors, and windows. It also comes with different types of door
handles and door types. Parameters such as wall height, thickness, and base-
board can be easily adjusted. Generated doors automatically have correct pivot

points so that they can easily be rotated.
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PICTURE 4. Blockout of an apartment building basement floor, with the ceiling

removed.

4.3 3D Modeling and Asset Creation

All 3D assets made for this project were modeled in Blender, the modeling pro-
gram | am most proficient with. Blender has many different addons made by the
community that make the hard surface modeling workflow easier and faster.
These include HardOps and BoxCutter, for example. HardOps mainly enhances
Blender's native boolean operations, while BoxCutter allows the user to slice
meshes fast and intuitively. | used both of these add-ons to speed up the 3D

modeling.

Some of the props made for the environment include a washing machine, a utility
sink, and a laundry basket. These were modeled after some reference photos.
All the models were modeled using the medium-poly workflow, as it was found to
provide a lot of benefits in flexibility, reusability, iterability, and performance. The
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washing machine, utility sink, and laundry basket consisted of 9243, 5025, and
4532 triangles, respectively. | optimized the topologies to the best of my abilities
while keeping a fair amount of detail by also modeling smaller parts such as but-
tons. These triangle counts are neither too low nor too high and are quite optimal
for the mid-poly range. The models had no obvious shading artifacts, thanks to

the weighted normal modifier and manual adjustment of the normals in Blender.

After the modeling process was finished, parts of the models were separated and
then vertex painted to create an ID map. | then applied the triangulate modifier to
the models with the keep normals option selected, as | have previously experi-
enced issues with using quad-based models in Substance 3D Painter. The mod-
els were then exported from Blender as FBX files and imported into Substance
3D Painter. Mesh maps were first baked for each model, and texture sizes were
set to 4096x4096 (4K). By also baking the ID map using the vertex colors applied
in Blender, each material could be applied to its own object. A mask with color

selection can be applied to any material, making texturing different parts easier.

The models were textured using a combination of base color, roughness, metal-
lic, and normal maps to achieve a realistic look to different materials like plastic
and metal. Photoshop was used to create some masks for fine details such as
text, which were then applied to the models. | used the Unreal Engine 4 (Packed)
output template, as it also works for Unreal Engine 5. As a result, each model got
three PNG texture files: a base color, a normal map and a channel-packed texture
consisting of occlusion, roughness and metallic maps. Picture 5 shows one of the

finished models made for the scene.
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PICTURE 5. Finished washing machine model, wireframe version on the left and

rendered with textures on the right.

4.4 Integration into Unreal Engine 5

Once the modeling and texturing were done, | exported the scene from Blender
as a Universal Scene Description (usd) file. Pixar released the format as open-
source software in 2016. It allows for 3D scene data to be exchanged between
different tools and software seamlessly (Autodesk n.d). | chose this format due to
its versatility and efficiency, as USD files can encapsulate a large amount of in-

formation, including 3D geometry, materials, textures, and lighting.

To import a USD file to Unreal Engine 5, the USD Importer plugin needs to first
be enabled from the plugins panel. Upon importing the USD to Unreal Engine 5,
| noticed that some things, such as area lights, weren’t quite imported properly,
so | had to recreate them, which was fortunately quite easy. | deleted the imported
lights and added in new area lights for lamps such as the fluorescent lights. | had
some problems with lights leaking through walls, but | figured out that this could
be fixed by simply increasing the thickness of the walls. After doing this, | simply

exported a new USD file from Blender and reimported it into the engine.
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4.5 Adding interactivity

As | wanted the scene to be explorable from a first-person view, | decided to make
the environment interactable. | wanted the player to be able to open doors and
turn light switches on and off. | used Unreal Engine’s Blueprints to do this, which
is a visual scripting system. The node-based interface makes it so that one can

easily connect different variables, functions, and events to add interactivity.

Setting up the door interaction system was simple. | first placed a trigger box in
front of each door to detect when the player is close. When entered in, a message
appears on the screen telling them to press a certain key to open or close the
door. The door’'s movement was controlled using a timeline node that animates
the door from its closed to open position. This timeline was connected to a Set

Relative Rotation node, which rotates the door in the scene.

| used a similar system for light switches. A trigger box was set next to a switch,
and upon interacting, a Blueprint toggle function controlled light visibility and in-
tensity in the scene. | used a timeline node to simulate the brightening and dim-
ming of the lights. By using Blueprints | was able to implement some interactivity
into the scene without having to do any programming in C++, the engine’s main
programming language. Adding interactive features made the environment feel
more immersive and interesting while giving the player a feeling of control in the

environment.

4.6 Achieving Realism

After walking around the scene myself, | was quite impressed by how realistic it
ended up looking. The combination of real-time global illumination, realistic tex-
tures, detailed models, and interactivity achieved a result that could be consid-
ered realistic. As a final touch, | added some simple post-processing effects to

the scene, such as grain, to help hide some of the imperfections.
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4.7 Final Result

The result was a playable, realistic interior environment scene that the player
could explore and interact with. The interactive features worked as | expected
and they had no noticeable problems. Avoiding the classic low poly to high poly
workflow and going with the medium poly workflow instead turned out to be a
good decision. It not only saved considerable time during the modeling process,
but also allowed for more flexibility in making corrections to the 3D assets created

without having to bake texture maps all over again.

Nanite enabled the inclusion of highly detailed assets without sacrificing perfor-
mance, while Lumen’s dynamic lighting system contributed to the lifelike quality
of the scene by reacting to changes in the environment, such as switching lights

on and off in real-time. One of the finished rooms can be seen in picture 6.

The walls and floor in the scene used simple tiling PBR textures while each object
used its own PBR texture set exported from Substance 3D Painter. The tiling
thankfully ended up not looking too visually repetitive, as the textures used were
quite high in resolution and the rooms quite small. The imported objects looked a
bit different in Unreal Engine 5 compared to Substance 3D Painter, primarily due
to differences in lighting, material settings and the way the engines handle various
texture maps. Some minor adjustments to the lighting setup were made to ensure

that the objects matched the intended look.
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PICTURE 6. Screenshot from the Unreal Engine 5 project showcasing the laun-

dry room area in the scene.
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5 DISCUSSION

By using various modeling techniques and technologies, | was able to create a
realistic interior environment in Unreal Engine 5. The result may not be consid-
ered fully photorealistic by current AAA standards, but | would still say that | met
the criteria of realism in a game engine. Realism in the context of video games is
about creating believable lighting, textures, and materials while ensuring smooth

performance, which | believe was accomplished.

Understanding normals and weighted normals was a significant learning curve.
From my experience, there aren’t too many beginner-friendly tutorials that go in
depth into what normals really are and how they can be properly manipulated in
Blender. After many baking errors and much research, | eventually got the hang
of them and was able to use things such as weighted normals along the mid-poly
workflow. Avoiding the process of creating both a low and high poly version of

each model turned out to be very effective in saving time.

As the only desktop computer | had access to had a powerful NVIDIA RTX 3080
graphics card, | wasn’t able to properly benchmark the scene’s performance
across a range of different graphics cards. The frame rate did always stay above
80, so | would say that the various optimizations done did help to at least some
degree. As the development of Unreal Engine 5 continues and technology ad-
vances further, the environment creation workflows and performance should only
improve. Nanite and Lumen still have some quirks in terms of performance, but |

believe they will become more powerful and optimized in the future.

This thesis can serve as a practical guide for creating realistic 3D interior envi-
ronments in Unreal Engine 5. It gives some insight into the environment creation
workflow and available tools. | hope it will serve as a valuable resource for 3D
artists and developers learning the engine.
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