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Abstract
This project has covered and described
the problems of modeling the appearance
of materials, with an emphasis on phys-
ically based models. The topics of ma-
terial creation with shader graphs were
also touched, with which specialized dy-
namically changing materials were created
using the capabilities of the shader graph
in a broad aspect.

The shader graph tool was used to cre-
ate a sampling of frequently used mate-
rials as well as unique styles, inspired by
di�erent games. The work focused on
high-quality detail modeling using detail
textures, noise features, normal maps, el-
evations, etc.

The �nal demo is a test scene where
materials from the sample album can eas-
ily be swapped, and each material has its
own parameters that a�ect the display
of the material in real time and can be
accessed by the user at any moment.

Keywords: Rendering, Unity, Shader
Graph, Visual Programming, Texturing,
Shading

Supervisor: Ing. Ji°í Bittner, Ph.D.
Praha 2, Karlovo nÆm¥stí 13, E-420

Abstrakt
Tento projekt se zabýval a popsal pro-
blematiku modelovÆní vzhledu materiÆl•
s d•razem na fyzikÆln¥ zalo”enØ modely.
DotýkÆ se takØ tØmat tvorby materiÆl• po-
mocí shader graf•, pomocí nich” byly vy-
tvo°eny specializovanØ dynamicky se m¥-
nící materiÆly vyu”ívající †irokØ mo”ností
shader grafu.

Pomocí nÆstroje shader graph byla vy-
tvo°ena ukÆzka £asto pou”ívaných materi-
Æl• i unikÆtních styl•, inspirovaných r•z-
nými videohrami. PrÆce se zam¥°ila na
kvalitní modelovÆní detail• pomocí detail-
ních textur, †umových prvk•, normÆlo-
vých map, vý†ek atd.

ZÆv¥re£nou ukÆzkou je testovací scØna,
kde lze materiÆly z ukÆzkovØho alba
snadno vym¥‹ovat a ka”dý materiÆl mÆ
svØ vlastní parametry, kterØ ovliv‹ují zob-
razení materiÆlu v reÆlnØm £ase a u”ivatel
k nim mÆ kdykoli p°ístup.

Klí£ovÆ slova: VykreslovÆní, Unity,
Shader Graph, VizuÆlní programovÆní,
Textury, StínovÆní

P°eklad nÆzvu: Knihovna materiÆl• v
Unity
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Chapter 1
Introduction

Throughout the history of the game industry, visual appearance has been
an integral part of game creation. Human perception is based not only on
gameplay but also on memorable images. Behind the creation of each game
object, there is an idea, a design, and its �nal appearance within the created
world. This work will address the problem of passing visual information about
the object by giving it certain graphical parameters, or in other words - the
use of materials.

Creating materials and textures for games can be a challenging task. The
demands on the quality and performance of materials are high, as they play
a crucial role in the overall visual appearance of a game. Materials need
to not only look realistic and visually appealing but also be optimized for
performance to ensure a smooth gaming experience. In addition, materials
often need to be easily adjustable and �exible, allowing game developers to
quickly make changes and iterate on the design.

Another problem that game developers face when creating materials is
the need to adhere to strict memory and �le size limits. Materials and
textures can quickly eat up a signi�cant portion of a game’s memory and
storage, making it important to �nd a balance between high-quality visuals
and e�cient use of resources.

This work explores various techniques for creating materials in Unity,
including both traditional techniques and the use of procedural methods. It
will cover the tools and features available in the Unity engine for material
creation, and discuss practices for designing materials for use in games.
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Chapter 2
Materials in games

What is the material itself? Material is a set of properties responsible for the
appearance of a geometric object: it’s color spectrum, illumination, surface
grain, shading, re�ection, refractive power, and other visualization properties.

For example, in the real world, every object reacts di�erently to light.
Steel objects often shine better than, for example, rough objects (as an
example, compare the re�ection from metal and wood). Therefore, the
material properties must be determined speci�c to each surface. A quality
and correctly created material (such as the one in the Figure 2.1) can greatly
improve the visual aspect and convey the parameters of the surface.

Figure 2.1: Metallic material simulating the structure of carbon �ber reinforced
plastic in the Unity Engine [1].

2.1 Similarity of approaches

On the programming side, materials in graphics and game engines are collec-
tions of numerical characteristics, textures, and program code (often referred
to as a �shader�) that processes this data. In OpenGL, one of the oldest

3



2. Materials in games ..................................
graphics languages, materials are speci�ed as data structures that store sur-
face properties such as color, re�ectivity, and texture. This method of storing
materials has been practiced in OpenGL for a long time. While OpenGL has
the ability to store data as uniform values, storing it as a structure makes it
more organized and easier to work with.

#version 330 core
struct Material {

vec3 ambient;
vec3 diffuse;
vec3 specular;
float shininess;

};

uniform Material material;

Creating a compact storage of materials as a set of data that is always
available to the user is a very practical feature of graphics and game engines.
This is why many engines use a �binding� system for working with materials,
which includes an external material editor and an internal manager that
implements a subsystem for managing properties and their direct processing,
with the resulting material applied to a graphics object.

For example (Figure 2.2), Blender 3D uses a shader editor with compo-
nents called �nodes� that allow users to specify the properties and behavior
of a material. Similarly, Unity’s material editor is called Shader Graph, which
also uses nodes to represent the di�erent aspects of a material (Figure 2.3).

By using a node-based system, users can easily see the relationships between
di�erent material properties and adjust them as needed. You can see the
similarity in the input parameters of these systems, so if you are familiar
with one, it should be easy to understand the other.

Figure 2.2: An example of using nodes in the Blender3D graph to apply textures
to the di�erent channels of the model (in this case albedo and normal).

4



..................................... 2.2. Basic terms

Figure 2.3: Example of using Shader Graph nodes to deform the model mesh
(Vertex shader).

2.2 Basic terms

Before delving into the Unity material creation system (the main goal of
this project), it’s worth getting familiar with some basic terms and concepts
related to materials in 3D graphics..UV mapping is the process of projecting a 3D model’s surface onto

a 2D plane, with the U and V coordinate corresponding to the axes
of the 2D texture. This �at representation of the 3D model is used
for texture mapping, and the process of creating a UV map is called
UV unwrapping. UV unwrapping is typically done using 3D modeling
software. The letters U and V denote the coordinates in the 2D texture
axes, as X, Y, and Z are used in the 3D model space..A texture, or texture map, is an image that is applied to the surface of
a 3D model to add detail and realism. Textures can be used to simulate
the appearance of various surface characteristics, such as shape, density,
and other visual details..The albedo of material represents its pure color information. It is used
to de�ne the base color of the material and can be adjusted to achieve a
desired visual e�ect..The normal map of material is used to simulate more detailed surface
features, such as bumps and dents, by spoo�ng the height and depth
information. This allows the surface to appear more detailed and realistic,
even when using a low-polygon 3D model..The metallic value of a material represents how it reacts to light, with
higher values producing more metallic-looking materials and lower values
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2. Materials in games ..................................
producing more di�use materials. This property is often used to create
metallic or re�ective surfaces, such as metal or glass..The specular value of a material represents the strength, color, and
re�ections of light sources that should appear on the material. Higher
specular values will produce shinier materials, while lower values will
produce duller materials..The roughness (or smoothness) of a material determines how light is
distributed over its surface, with rougher materials scattering light in
more directions and smoother materials re�ecting light in fewer direc-
tions. This property is often used to control the appearance of specular
re�ections on a material..Glossiness is a similar concept to roughness, and it can be used to
control the appearance of specular re�ections on a material. Higher
glossiness values will produce shinier materials with more concentrated
specular re�ections, while lower values will produce duller materials with
more di�use re�ections..The height map of a material is used to simulate depth information
based on the camera’s position, and materials with a height map assigned
will appear to have occluding surface details. This property is often used
to create more realistic and detailed surfaces, such as rough terrain or
bumpy surfaces..Ambient occlusion is a value that represents surfaces on the material
that are naturally self-shading or appear darker than the rest of the
surface. This property is often used to create more realistic and realistic-
looking materials, as it simulates the way that light is occluded in the
real world.. Emission determines the areas of the material that should glow and
what color the glow should be. This property is often used to create
materials that emit light

2.3 The BRDF model

The Bidirectional Re�ectance Distribution Function (BRDF) is a fundamental
concept in computer graphics and game development that governs the behavior
of light re�ected from surfaces.

2.3.1 Applicability

The BRDF model is crucial in creating realistic lighting e�ects and producing
accurate visual simulations of real-world materials. For instance, in the book
�Real-Time Rendering� [9], the authors explain the importance of the BRDF
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model in producing realistic material rendering in real-time applications such
as games.

The BRDF model describes the relationship between the incoming light
direction, the surface normal, the observer’s position, and the re�ected light
direction. The model takes into account the surface’s material properties,
including its di�use and specular re�ection properties, as well as any other
surface features such as roughness or texture. So In game development, the
BRDF model allows game designers to create realistic lighting e�ects that
mimic the way light behaves in the real world. For example metallic or wet
surfaces.

The BRDF model calculates the ratio of outgoing light to incoming light at
a given point on a surface, taking into account the direction of the incoming
light, the surface normal, and the angle of re�ection. Also, it is used to
calculate the color and brightness of each pixel in an image based on the
properties of the surface and the direction of the light sources.

The BRDF model is typically divided into two components: the di�use
component and the specular component...1. The di�use component is modeled using Lambert’s law, which assumes

that light is re�ected uniformly in all directions from a rough surface...2. The specular component is typically modeled using either the Phong
(or Blinn-Phong) model [11], which assumes that light is re�ected only
in the direction of the mirror re�ection (visual illustration can be seen
below).

Figure 2.4: Phong Equation (visual illustration) by Brad Smith [12].

2.3.2 BRDF in Unity

The BRDF model is an essential component in creating material in the Unity
engine. Unity provides several built-in shader systems that use BRDF models
to simulate the behavior of light re�ected from surfaces, including Standard
Shader, HDRP (High De�nition Render Pipeline), and URP (Universal
Render Pipeline), which will be further explained later in 3.2.

According to the Unity documentation [13], the Standard Shader in Unity
uses a BRDF model to simulate metallic and non-metallic surfaces. The
HDRP, which is designed for high-end graphics and visual quality, uses a
physically-based BRDF model to create photorealistic materials. The URP,
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2. Materials in games ..................................
on the other hand, is a lightweight rendering pipeline that uses a simpli�ed
version of the BRDF model to render materials e�ciently.

The Unity engine also provides various tools for adjusting the material
properties of objects. These properties a�ect the behavior of the BRDF
model and enable developers to create a wide range of materials with di�erent
properties and textures (the properties for the standard Standard Shader can
be seen below in Figure 2.5). That’s what this project is focused on.

Figure 2.5: A Standard Shader material with default parameters.
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Chapter 3
Material model and pipeline

3.1 PBR material model in Unity

Physically-based rendering (PBR) is a technique used to create more realistic
3D models by simulating how light interacts with surfaces. There are two
main approaches to PBR, which di�er mainly in the way they describe the
re�ective properties of materials: PBR Metalness and PBR Specular. The
choice of approach typically depends on the speci�c needs and preferences
of the artist or designer. However, both techniques aim to achieve the same
goal of producing more physically accurate and visually appealing rendering.

.PBR Metalness: albedo, normal, metallic (scalar), roughness

.PBR Specular: albedo, normal, specular (vector), glossiness

In PBR Metalness and PBR Specular, there are di�erences in the way that
material’s re�ective properties are de�ned. For instance, in PBR Metalness, a
metallic map is used to describe how much of the material’s color comes from
metallic re�ection, while a roughness map is used to control the material’s
smoothness.

In contrast, PBR Specular uses a specular map to de�ne the material’s
re�ectivity, which a�ects both the color and the intensity of the re�ection.
Additionally, the way that light interacts with the surface of a material is
also di�erent between the two approaches.

Regarding Unity’s use of PBR, the engine does indeed o�er two di�erent
material setups: Standard and Standard (Specular setup). These provide
di�erent options for how a material’s re�ective properties are de�ned and
can be chosen. Both of the setups can be seen below in Figure 3.1. Note
the Metallic parameter on the left (which is controlled either by the metallic
map or by a �oat number from 0 to 1) and Specular on the right (which is
controlled again by the map or by the color selected, which is a vector).
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Figure 3.1: As the smoothness of a material’s surface increases, the fresnel e�ect
becomes more noticeable at grazing angles in relation to the viewer.

3.2 Choosing pipeline

After choosing a suitable technique (PBR Metallic), it was necessary to choose
a suitable rendering pipeline. The choice was made in favor of the Universal
Render Pipeline (URP) due to not only experience but also because the URP
is designed to optimize the rendering of graphics on all platforms. In contrast,
the High De�nition Render Pipeline (HDRP) is designed to take advantage of
the hardware capabilities for rendering high-de�nition graphics on powerful
platforms.

The URP is an o�-the-shelf scripted rendering pipeline created by Unity
that provides artist-friendly work�ows to quickly and easily create optimized
graphics on a variety of platforms (from mobile to PC). The following advan-
tages were considered when choosing the URP for this project:. It replaces the built-in renderer.. It supports accelerated rendering.. It has a visual interface.. It has a native shader graph.
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Chapter 4
Material creation

It is important for game developers to familiarize themselves with the di�erent
methods and techniques for creating materials before diving into the process.
This can help ensure that materials are not only visually appealing and
realistic but also optimized for performance and �exible enough to allow for
easy iteration and adjustment. Let’s take a look at a few of them.

4.1 Approaches in creating materials

There are two main methods for creating materials in Unity: assigning maps
(textures) to input material parameters and using procedural generation.

The �rst method involves assigning appropriate maps (textures) to the
input material parameters, which are then processed by the shader. This
allows developers to create materials that are visually appealing and realistic,
while also taking advantage of the various tools and features available in
Unity for material creation.

Figure 4.1: This material is a combination of the following 4 maps (from left to
right): color, normal, roughness, height [6].

11



4. Material creation ...................................
The second method, procedural generation, involves using computer algo-

rithms to generate textures based on a �xed set of parameters. This allows
for the creation of unique variations of textures without the need for manual
input, making it a useful technique for creating materials that need to be
�exible and adjustable. However, it is important to note that procedural
textures may not always be as high quality as those created using traditional
techniques, so it is important to weigh the bene�ts and drawbacks of each
method when deciding which to use in a given project.

Figure 4.2: Example of procedural texture generation [7].

This project will cover both ways of creating materials.

4.2 Nodes library in Unity

As was mentioned before, the Unity game engine uses the Shader Graph tool
to create materials. To create a graph, the nodes are used. So, before going
directly to the creation of materials, it is necessary to get familiar with the
most commonly used Shader Graph nodes in this project.

In Unity Shader Graph, there are various categories of nodes that can be
used to create custom shaders. These nodes are responsible for di�erent tasks
and can be combined to achieve the desired e�ect. Here are the categories of
nodes and examples of the most commonly used nodes in this project in each
category.

4.2.1 Artistic

Artistic nodes are responsible for adding visual e�ects that improve the
aesthetics of the shader. For example, in this project are used:.Blend - Blends two input values together based on a speci�ed blend

factor.

The Blend is quite a lot of functionality. It is useful not only for working
with colors and masks but also for creating complex textures. For example
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.................................4.2. Nodes library in Unity

(Figure 4.3), as parameters of the blend were chosen the outermost
colors of gray-scale, and Voronoi - as a mask. By changing the mask, it
is possible to get fanciful results, such as the one on the right.

Figure 4.3: Creating texture with Voronoi and Blend nodes..Normal From Height - Converts a height map texture into a normal
map texture.

Since the height maps are in gray-scale, any such texture is valid as input
for this node. For example, a simple black and white quadrat, as below
in Figure 4.4.

Figure 4.4: An example of using the Normal From Height node.

4.2.2 Channel

Channel nodes work with the RGBA channels of textures or other inputs.
For example, in this project is used:

. Split - Splits the input vector into RGBA channels (outputs).

For example in the picture below (Figure 4.5) the upper part shows an
example of the use of di�erent texture channels. It’s common practice
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4. Material creation ...................................
to pack di�erent maps/masks (such as height or roughness/metallic)
into the texture on di�erent channels for convenience. The bottom part
demonstrates creating a simple horizontal/vertical gradient by calling
the Split node.

Figure 4.5: Examples of using the Split node.

4.2.3 Input

Input nodes are responsible for getting data into the shader. For example, in
this project are used:

.UV - Outputs the UV coordinates of the pixel.. Sample Texture 2D - Samples a 2D texture at a speci�c UV coordi-
nate.. Position - Outputs the world space position of a pixel..Normal Vector - Calculates the surface normal at a given point on a
mesh or texture.

An example of the use both of vertex vectors Position and Normal to
dynamically deform the model mesh using procedural noise can be seen
again in Figure 2.3..Time - Outputs the current time in seconds..Constant - Outputs a constant value (PI, TAU, PHI, E, SQRT2)..Gradient - Creates a gradient between two or more colors.. Sample Gradient - Samples a gradient at a speci�c point..Vector2 - Outputs a 2D vector.
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.................................4.2. Nodes library in Unity

4.2.4 Math

Math nodes perform mathematical operations on values. For example, in this
project are used:.Absolute - Outputs the absolute value of an input..Add - Adds two values together..Dot Product - Calculates the dot product of two vectors..Multiply - Multiplies two values together..One Minus - Subtracts an input value from one.. Power - Raises a value to a speci�ed power.. Subtract - Subtracts one value from another.. Posterize - Reduces the number of colors in the image to create a

poster-like e�ect.. Fresnel Effect - Creates a re�ection e�ect, based on the viewing
angle and surface normal of an object.. Lerp - Performs a linear interpolation between two values..Remap - Remaps the range of an input value to a new range.. Step - Outputs 1 if an input value is greater than a threshold, and 0
otherwise.. Smoothstep - Performs a smooth interpolation between two values..Truncate - Truncates the decimal part of an input value.. Sine - Returns the sine of the giving value.. Sine Wave - Returns the sine of the giving value with pseudo-random
noise added to the amplitude.. Saturate - Clamps the giving value between 0 and 1..Round - Rounds a given input value to the nearest integer.. Fraction - Returns the fractional part of the input value (e.g. the
fraction of 1.3 is 0.3)..Negate - Inverts the sign of the input value..Distance - Calculates the Euclidean distance between two points in 3D
space..Normalize - Scales a vector so that it has a length of 1.
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4. Material creation ...................................
4.2.5 Procedural

Procedural nodes generate textures and patterns procedurally (mostly -
noises). For example, in this project are used:.Gradient Noise - Generates a procedural noise pattern.. Simple Noise - Generates Perlin noise..Voronoi - Generates Voronoi noise..Rounded Polygon - Creates a polygon with rounded corners..Rectangle - Generates a rectangular shape with a width and height

de�ned.

4.2.6 Utility

Utility nodes perform various utility functions in the shader. For example, in
this project are used:. Branch - Allows for branching logic (path) in the shader graph.

A Branch node can be described as a switch between two options. Below
in Figure 4.7 it works that way to shift the UV coordinates in a certain
direction over time.

Figure 4.6: An example of using the Branch node.. Sub Graph - encapsulates a group of interconnected nodes and can be
reused multiple times within the same shader or in other shaders.

The Sub Graph creation process is quite simple and can be described
(and seen in Figure 4.8) in a few steps:
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.................................4.2. Nodes library in Unity..1. �Initial nodes� - the created pattern of nodes that should be
combined into one...2. �sub graph� - the view after combining (select the nodes that
needed to be inside, right-click, and then - Create Sub Graph) as a
separated graph...3. �In another graph� - the sub graph looks like a separate node
now in any other graph in the same project.

Figure 4.7: The principle of creating a sub graph.

Further on, some materials will use the following sub graph - �O�set
Over Time� (Figure 4.8). It is created to speed up the work but will
be applied to materials where its use is evident and will reduce the total
size of the graph. Its job is to shift the UV coordinates depending on the
given speed and direction in the input parameters. Thus, it is possible
to quickly interact with the shift which is the main advantage of sub
graphs.

Figure 4.8: O�set Over Time Sub Graph with its input parameters.
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4. Material creation ...................................
4.2.7 UV

UV nodes manipulate the UV coordinates of textures. For example, in this
project are used:.Tiling and Offset - Tiles and o�sets a texture based on its UV

coordinates..Twirl - Twists the pixels of a texture around a central point, creating
a spiral e�ect..Rotate - Rotates UV coordinates around a center point.

4.2.8 How to create Shader Graph and material based on it..1. Creating a new Shader Graph by going to the Assets menu and selecting
Create � Shader � PBR Graph...2. Next, select, place, and connect the necessary nodes to create the desired
material. This may include nodes for color, texture, and other material
properties...3. Specifying the input parameters for the material, such as its color, texture,
and other properties...4. Once the Shader Graph has been set up, a new material can be created
based on the graph using the Assets menu and selecting Create �
Material...5. Finally, the newly created material can be added to test objects in the
scene to see how it looks and functions in the game. This allows us
to iterate on the design and make any necessary adjustments before
implementing the material in the �nal game.

18



Chapter 5
Materials library

The outcome of this project is a library containing over 20 materials (5
stylized static, 12 stylized dynamic, and 6 realistic) with various orientations
and designs. Additionally, an application was developed [15] to simulate
a test scene, enabling users to easily modify the materials and methods of
presentation. Within the application, it is possible to access the complete
library observation that can be discerned by referring to Figure 5.1.

Figure 5.1: All materials produced as part of this project in Unity application.

This section contains the following parts speci�c to each material created
in the project:. description and demonstration. inspiration. general view of the Shader Graph with the table of input parameters

For a better idea and a brief overview of the contents of the library, it is
worth referring to the Table 5.1 of materials presented below. Materials
marked with an "*" will be discussed in detail in their own sections.
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5. Materials library ...................................

Demo Graph settings Demo Graph settings

Candy

Material: Lit
Work�ow: Metallic
Surface: Opaque
Cast Shadows: True
Receive Shadows: True

Frost*

Material: Lit
Work�ow: Metallic
Surface: Opaque
Cast Shadows: True
Receive Shadows: True

Halftone*

Material: Unlit
Surface: Opaque
Render Face: Front
Cast Shadows: True

Outline*

Material: Unlit
Surface: Opaque
Render Face: Back
Cast Shadows: False

Minecraft*

Material: Lit
Work�ow: Metallic
Surface: Opaque
Cast Shadows: True
Receive Shadows: True

Toon

Material: Lit
Work�ow: Metallic
Surface: Opaque
Cast Shadows: True
Receive Shadows: True

Acid

Material: Lit
Work�ow: Metallic
Surface: Transparent
Cast Shadows: False
Receive Shadows: True

Clay

Material: Lit
Work�ow: Metallic
Surface: Opaque
Cast Shadows: True
Receive Shadows: True

Core*

Material: Lit
Work�ow: Metallic
Surface: Opaque
Cast Shadows: False
Receive Shadows: False

Dissolve

Material: Lit
Work�ow: Metallic
Surface: Opaque
Alpha Clipping: True
Cast Shadows: True
Receive Shadows: True

Filler

Material: Lit
Work�ow: Metallic
Surface: Opaque
Cast Shadows: True
Receive Shadows: True

Flame*

Material: Lit
Work�ow: Metallic
Surface: Transparent
Cast Shadows: False
Receive Shadows: False
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.................................... 5. Materials library

Demo Graph settings Demo Graph settings

Glitter

Material: Lit
Work�ow: Metallic
Surface: Opaque
Cast Shadows: True
Receive Shadows: False

Grid*

Material: Lit
Work�ow: Metallic
Surface: Transparent
Cast Shadows: True
Receive Shadows: False

Holo

Material: Lit
Work�ow: Metallic
Surface: Transparent
Cast Shadows: False
Receive Shadows: False

Liquid

Material: Unlit
Surface: Transparent
Blending: Additive
Cast Shadows: True

PewDiePie

Material: Lit
Work�ow: Metallic
Surface: Opaque
Cast Shadows: True
Receive Shadows: False

Water*

Material: Lit
Work�ow: Metallic
Surface: Opaque
Cast Shadows: True
Receive Shadows: True

Mirage

Material: Unlit
Surface: Transparent
Cast Shadows: False

Soap

Material: Lit
Work�ow: Specular
Surface: Transparent
Cast Shadows: False
Receive Shadows: False

Glass

Material: Lit
Work�ow: Specular
Surface: Transparent
Cast Shadows: True
Receive Shadows: False

Wood*

Material: Lit
Work�ow: Metallic
Surface: Opaque
Cast Shadows: True
Receive Shadows: True

Metal*

Material: Lit
Work�ow: Metallic
Surface: Opaque
Cast Shadows: True
Receive Shadows: True

Pearl

Material: Lit
Work�ow: Specular
Surface: Opaque
Cast Shadows: True
Receive Shadows: True

Table 5.1: Table of materials divided into categories.
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5. Materials library ...................................
5.1 Acid

An �Acid� material can be used to create the appearance of a corrosive, toxic
substance. It can be used to enhance the realism of certain environments,
such as a chemical laboratory or an alien planet. By using it, a sense of
danger and intrigue can be added to a game.

Figure 5.2: �Acid� Material on a variety of objects.

Inspiration was taken from the classic - Half-Life, namely the dangerous
materials that can be found as obstacles throughout the entire game, for
example, they can be met in the location of the Biological Waste Processing
Plant (Figure 5.2) [16].

Figure 5.3: Hazardous waste tanks inside the plant.

22



........................................ 5.1. Acid

Figure 5.4: �Acid� Shader Graph.

In Unity Name Type Description

Speed Float [-1, 1] How quickly the noise texture
will change over time.

ColorTex Texture2D The texture that will be used as
the main color.

NoiseScale Float The size of the acid splits of the
material on the surface.

EmisColor Color HDR The glow color.

EmisPower Float [-10, 10] Glow intensity.

Table 5.2: �Acid� Shader Graph input parameters.
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5. Materials library ...................................
5.2 Candy

The Christmas �Candy� material is a vibrant and festive material that is
perfect for adding some holiday cheer to a game. It can be used on a variety
of objects, such as gift boxes, ornaments, and other holiday decorations.

Figure 5.5: �Candy� Material on a variety of objects.

The inspiration came from a traditional Christmas candy - Candy Cane.
This part of the holiday can be found everywhere in games (often in pre-
Christmas events). For example in high places in Fortnite, in the Super Mario
Odyssey’s Secret Candy Kingdom, or even as a simple decoration in Stardew
Valley (Figure 5.15) [17].

Figure 5.6: Candy Cane decorations in Stardew Valley.

24



....................................... 5.2. Candy

Figure 5.7: �Candy� Shader Graph.

In Unity Name Type Description

BaseColor Color Main color of the sur-
face.

StripesColor Color Color of stripes.

StripesThickness Float [0, 0.5] How wide the stripes
are.

Falloff Float [1, 10] The smoothness of the
transition from the
stripe color to the main
color.

Stripes Float Stripes count control.

Roughness Float [0, 1] Surface roughness.

Table 5.3: �Candy� Shader Graph input parameters.
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5. Materials library ...................................
5.3 Clay

The stop-motion �Clay� material is designed to create the appearance of
a stop-motion animation that uses clay or plasticine. It features a tactile,
textured surface that is reminiscent of handmade animation.

Figure 5.8: �Clay� Material on a variety of objects.

This material represents the style of Claymation - a form of animation
where characters and backgrounds are made from plasticine or other malleable
materials. Examples of popular movies in this style include Chicken Run,
Shaun the Sheep, and Wallace & Gromit, while games such as Skullmonkeys
and The Neverhood have also used this style.

Unlike traditional Claymation (e.g. in Figure 5.9) where objects typically
retain their basic shape, this material features clay objects that change shape
over time, creating a unique and sloppy transition e�ect between frames [18].

Figure 5.9: Claymation animation in Blender 2.81 by J Middleton [19].
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........................................ 5.3. Clay

Figure 5.10: �Clay� Shader Graph.

In Unity Name Type Description

Color Color Main color of the surface.

Color2 Color Additional Color of the sur-
face for blending.

ClayScale Float [5, 10] Noise texture scale.

DeformScale Float [0, 0.2] How strongly the clay
changes shape.

Speed Float [0, 5] Speed of stop-motion.

Table 5.4: �Clay� Shader Graph input parameters.
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5. Materials library ...................................
5.4 Core

The �Core� material can be used to add a mesmerizing and otherworldly
touch to an object. It is particularly e�ective when applied to small, round
objects such as gemstones or magical artifacts. The material’s combination
of bright, swirling colors and refractive surface properties creates a sense of
depth and movement.

Figure 5.11: �Core� Material on a variety of objects.

If you are familiar with the Avatar universe, you may know that in the
animated series �Avatar Korra� in the second season of episode ten, the
protagonist opens a portal, which is shielded by a wavy-over�owing sphere
(Figure 5.12). This e�ect served as the inspiration for the material.

Figure 5.12: Avatar Korra opens the northern portal to the Spirit World, S02E10.
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........................................ 5.4. Core

Figure 5.13: �Core� Shader Graph.

In Unity Name Type Description

TopColor Color HDR Main color of the surface.

BottomColor Color HDR Additional color of the sur-
face for blending.

EmitColor Color HDR Swirling color.

Speed Float [0, 1] Speed of the twirling e�ect.

Table 5.5: �Core� Shader Graph input parameters.
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5. Materials library ...................................
The �rst section (Figure 5.14) is responsible for the color. The combi-

nation of the UV and Split (Green channel) nodes creates a gradient, which
is used as a mask for the Lerp node. The node is now responsible for the
smooth transition between the two colors that the user can specify. The result
of this group is sent to BaseColor.

Figure 5.14: Section 1 of the �Core� Shader Graph.

The second section (Figure 5.15) can be described in two steps: �rst, a
dynamic Twirl is created using the Time node to change its shape constantly
(users can control the speed of change); then, the modi�ed UV of Twirl goes
into Gradient noise to create a gray-scale wave texture. An identical noise is
created below, reversed, and merged with the upper one for more variability
in the waves.

Figure 5.15: Section 2 of the �Core� Shader Graph.
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In the third section, the previously created wave texture is utilized to
generate a mask for Emission through the Step node, which is then colorized
and fed into the Emission parameter. Moving onto the fourth section, the
mask is used to generate a normal map using the Height to Normal node (as
height maps are in gray-scale), intensifying the wave e�ect on the surface.
The operation of these sections can be seen in Figure 5.16 below.

Figure 5.16: Section 3 & 4 of the �Core� Shader Graph.
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5. Materials library ...................................
5.5 Dissolve

The Dissolve material can add dynamic and immersive elements. It can be
used to create the appearance of objects dissolving or disintegrating over time.
This material can be applied to a variety of objects, such as walls, �oors, or
even characters.

Figure 5.17: �Dissolve� Material on a variety of objects.

In most cases, it is indeed responsible for the �evaporation� of an object.
For example, after killing an enemy (directly or post factum, as a �smooth�
removal of the object from the rendering �eld), the famous title Bioshock In�-
nite (picture below Figure 5.18) can be remembered. A quality example can
also be seen in Genshin Impact, where characters’ weapons appear/disappear
with this e�ect.

Figure 5.18: �Dissolve� e�ect on corpses in BioShock In�nite.
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.......................................5.5. Dissolve

Figure 5.19: �Dissolve� Shader Graph.

In Unity Name Type Description

BaseColor Color Main color of the surface.

DissolveColor Color HDR Color appearing on the edge
of a disappearing area.

Scale Float Scale of dissolve generating
noise.

Manual Boolean E�ect control switch, from
automatic to manual.

Level Float [0, 1] E�ect amount at manual
control.

Table 5.6: �Dissolve� Shader Graph input parameters.
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5. Materials library ...................................
5.6 Filler

The �Filler� material is a versatile e�ect, that can be used to transform the
look and feel of the surface. With its horizontal line animation, it creates an
illusion of a �hoop� that moves from bottom to top (and vice versa), gradually
changing the color of the surface it is applied.

Figure 5.20: �Filler� Material on a variety of objects.

Inspired by the work of TGA Digital (Figure 5.21 below) - their shader
for the transition between 2 materials, the task to create a similar e�ect was
supplied. This material can be used to create the e�ect of transformation
or appearance/revealing. The �hoop� can be controlled either over time or
manually.

Figure 5.21: UE4 Transition E�ect Shader by TGA Digital [20].
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Figure 5.22: �Filler� Shader Graph.

In Unity Name Type Description

MainColor Color HDR Main color of the surface.

FillColor Color HDR Color of the surface after
transition.

EmitColor Color HDR �Hoop� transition color.

FillWidth Float [0.01, 0.05] Thickness of the �hoop�
transition.

Manual Boolean E�ect control switch, from
automatic to manual.

Level Float [-1, 1] Transition level at manual
control.

Table 5.7: �Filler� Shader Graph input parameters.
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5. Materials library ...................................
5.7 Flame

The �Flame� material is a unique e�ect that can be used to bring �re to a
game. It creates a cartoon-like look that can be applied to objects, such as
torches, �re pits, or even character abilities. The shader simulates a �re’s
movement and color changes with its dynamic animation.

Figure 5.23: �Flame� Material on a variety of objects.

When implementing a stylized version, �re can be de�ned as a pattern, with
a clear transition from the base to the �ames, sometimes with an additional
passage. This kind of material would be good for stylized environments, like
the �replace in the Figure 5.24.

Figure 5.24: Example of using the �Flame� material with a model of a �replace.
Models by Rocco Giandomenico (logs) [21], Michalina "Miszla" G¡sienica-Laskowy
(�replace) [22].
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Figure 5.25: �Flame� Shader Graph.

In Unity Name Type Description

MainColor Color HDR Main color of the �re.

EdgeColor Color HDR Color of �ame tongues.

LerpColor Color HDR Color of transition �ame
part.

Speed Float [0, 2] Speed of change of �ame
tongues.

Level Float [0, 1] Level of �ame tongues in
relation to whole �re.

Table 5.8: �Flame� Shader Graph input parameters.
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5. Materials library ...................................
The initial step (see Figure 5.26) aims to create a noise texture to serve

as the basis for the �ame tongues’ masks. To achieve this, the custom sub
graph O�set Over Time (detailed in Section 4.2.1, Figure 4.7) is used to
move the UV of a Gradient Noise. The Gradient Noise is then subtracted
from Simple Noise, resulting in a dynamic texture.

Figure 5.26: Section 1 of the �Flame� Shader Graph.

In the following section two (Figure 5.27), masks for the color transitions
of the �ame tongues are created based on the noise texture obtained in the
previous section. To achieve this, the Smoothstep node is used to generate 3
masks with di�erent levels, where each new mask’s upper bound di�ers from
the next one by 0.4. These masks are then converted into a full black-and-
white �re pattern using the Step node. The gradient from the Step 1 is used
to determine the hardness (�ame height). Finally, the 2 layers for coloring
are created by subtracting the masks from each other.

Figure 5.27: Section 2 of the �Flame� Shader Graph.
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The last section uses layers from the previous one (Figure 5.28). Both
layers are used in the order in the Lerp nodes, the �rst to color the edges of
the �ame tongues and the base color, and the second to color the transition
layer.

Figure 5.28: Section 3 of the �Flame� Shader Graph.

39



5. Materials library ...................................
5.8 Triplanar projection

Before proceeding to the next material, it is worth mentioning a small detail.
Most of the markup nodes in the shader graph use Position or UV, which
means that the only one independent of the unwrapping process is Triplanar
Projection. This method is widely used in modern texturing programs, for
example, Substance Painter (Figure 5.29).

Figure 5.29: Triplanar Projection feature in Adobe Substance Painter. [23]

Triplanar projection is a method of mapping a 3D texture onto a 3D object
without the need for UV coordinates. It works by projecting the texture
onto the object from three di�erent axes (X, Y, Z) and blending the results
together. This allows the texture to be applied seamlessly to the object,
regardless of its shape or orientation [24]. An example is well illustrated in
Figure 5.30 below.

Figure 5.30: Triplanar maps over the surface from three di�erent axes (X, Y, Z)
by Martin Palko.
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Triplanar projection can be useful in situations where UV mapping is
di�cult or impossible, such as with highly detailed or irregularly-shaped
objects. The projected texture will look similarly good (an example of the
projected texture in Figure 5.31 can be seen below).

Figure 5.31: Triplanar mapped on a surface (left) and maps blending view
(right) by Martin Palko.

The Unity Shader Graph features a Triplanar Texture node that could
su�ce, but it does not support process-generated noise, only pre-made tex-
tures. Fortunately, the Unity documentation [25] explains how projections
are computed (Figure 5.32) within this node.

float3 Node_UV = Position * Tile;
float3 Node_Blend = pow(abs(Normal), Blend);
Node_Blend /= dot(Node_Blend, 1.0);
float4 NodeX = SAMPLE_TEXTURE2D(Texture, Sampler, Node_UV.zy);
float4 NodeY = SAMPLE_TEXTURE2D(Texture, Sampler, Node_UV.xz);
float4 NodeZ = SAMPLE_TEXTURE2D(Texture, Sampler, Node_UV.xy);
float4 Out = NodeX * Node_Blend.x +

NodeY * Node_Blend.y +
NodeZ * Node_Blend.z;

Figure 5.32: Example code represents the possible outcome of Triplanar Texture
node (Default mode).

This approach simpli�es the process of creating a Triplanar method for
a required procedural texture, such as Simple Noise (shown in Figure 5.62).
This can be achieved by using a sub graph. A second sub graph was also
created, di�ering only in the use of Gradient Noise.

41



5. Materials library ...................................

Figure 5.33: Triplanar Simple Noise sub graph.

In Unity Name Type Description

UV Vector3 UV coordinates for mapping.

NoiseScale Float Scale of the whole noise.

Blend Float The blending factor of all layers
of noise.

Table 5.9: Triplanar sub graph input parameters.
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