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Abstract
The main goal of this thesis is to describe
the main BRDF functions, empirical and
physical, used for calculating the amount
of re�ected light in materials and compare
Unity's main graphical pipelines (Default,
HDRP, and URP) and their main shaders.
Part of this thesis is also an implemen-
tation of an application for the purpose
of comparing Unity's pipelines and their
shaders.
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Abstrakt
Hlavním cílem této práce je popsat zá-
kladní BRDF funkce, empirické a fyzi-
kální, pouºíváné pro výpo£et mnoºství
odraºeného sv¥tla v materiálech a porov-
nat hlavní gra�cké pipeliny herního en-
ginu Unity (Default, HDRP, URP) a je-
jich hlavní shadery. Sou£ástí práce je také
implementace aplikace v Unity pro porov-
návání Unity pipeline a jejich shader·.

Klí£ová slova: materiály, Unity,
pipeline, shader, HDRP, URP

P°eklad názvu: Vzhled materiál· v
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Chapter 1
Introduction

The believability of material appearance in computer graphics is crucial
for creating real-looking environments that could be used in educational
simulations, games, or movies. One such aspect which makes the material
look believable is a proper simulation of light's behavior when interacting
with the material. The function used for describing the behavior of the light
on opaque materials is called the bi-directional re�ectance function or BRDF.

BRDFs were �rst derived empirically and were widely used for their simplic-
ity and low-performance cost when implemented while providing an acceptable
appearance. Later physically-based BRDFs were developed, most of them
based on microfacet theory. These physically-based BRDFs are now imple-
mented in most rendering software or game engines like Unity or Unreal
Engine.

Unity is a free game engine made for the development of both 3D and 2D
games. It o�ers three pre-made graphical pipelines with di�ering features
and capabilities. However, it is di�cult to readily compare them in terms
of graphical appearance as they all o�er a multitude of shaders, each with
di�erent properties and purposes.

The purpose of this thesis is to describe the features and properties of the
three main graphical pipelines (Default, URP, and HDRP) and develop an
application that would make it easier to compare said pipelines.
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Chapter 2
Materials and illumination models

Materials in computer graphics have a great impact on the appearance of
three-dimensional objects, making them look more realistic or stylistically
interesting. In applications such as Unity or Blender, materials are de�ned by
various properties such as color, metallicity, smoothness or textures, and maps
(bump, normal, height) [2, 3]. How each property of the material in�uences
(or is in�uenced by) the variables of the illumination models depends on the
illumination model used and its implementation.

2.1 Bidirectional re�ectance function - BRDF

Bidirection re�ectance functions de�nes the amount of re�ected radiance on
a certain point of an object.

BRDF operates according to a set of preconditions [1]:. The re�ection of the light ray is instantaneous. A photon with a wave length of � retains it is wave length upon re�ection.. A light ray arriving at a certain point x will also re�ect from the same
point x.

Figure 2.1: Bidirectional re�ectance function model [1].

3



2. Materials and illumination models............................
Let �! ! i be the direction of the incoming light, �! ! r the direction of the re�ected

light and x the point of re�ection. BRDF is de�ned as a ratio of di�erential
re�ected radiance dL r (x; �! ! r ) to the di�erential incoming radiance dL i (x; �! ! i )
[1] :

f r (x; �! ! r ; �! ! i ) =
dL r (x; �! ! r )

dL i (x; �! ! i )(
�! ! i � �! n )d�! ! i

2.2 Local illumination model

The local illumination model calculates the amount of radiance re�ected o� of
a point on the object, taking into account all of the incoming radiance coming
from all sources of light. In comparison with the global illumination model,
it doesn't take into account the re�ected light from other surfaces, only light
from direct sources. Let �! ! i be the direction of the incoming light, �! ! r the
direction of the re�ected light and x the point of re�ection, f r (x; �! ! r ; �! ! i ) be
the BRDF and L i (x; �! ! i ) be the incoming radiance. The amount of re�ected
radiance L r (x; �! ! r ) is then de�ned as [1]:

L r (x; �! ! r ) =
Z



f r (x; �! ! r ; �! ! i )L i (x; �! ! i )cos�d�! ! i

2.3 Empirical illumination models

Empirical illumination models are based on empirical observations and ap-
proximations rather than being physically plausible. Empirical illumination
models usually have a lesser impact on performance due to their simpler
computational requirements. Some empirical models don't adhere to the
preconditions outlined in chapter 2.1, which can result in an unrealistic ap-
pearance. If, for example, the law of energy conservation is not obeyed, it can
re�ect more energy than it received, resulting in excessive illumination [1, 4].

2.3.1 Lambertian re�ection model

Lambertian re�ection model only allows for physically plausible di�use re�ec-
tion omitting specular re�ections of any kind entirely. Most other BRDFs
use the Lambertian re�ection model for the di�use component or modi�ed
version of it [4]. In the Lambertian re�ection model, the incoming light
ray is scattered equally in all directions. The amount of re�ected light is
independent of the viewing angle and only dependent on the angle between
the incoming light and the normal of the surface. Let I d be the amount of
re�ected light, I L represents the color of the incoming ray,r d the color of
the surface,

�!
l the light vector, �! n the normal of the surface. The amount of

re�ected light is computed as [1]:

I d = I L r d(
�!
l � �! n )

4



............................. 2.3. Empirical illumination models

For the purpose of de�ning Lambertian BRDF, we also need to de�ne re-
�ectance. Since the range of the BRDF is not limited from above, which can
be impractical, we can substitute the re�ectance for BRDF. Re�ectance � is
limited to the values in range <0,1> and is de�ned as a ratio of the re�ected
radiosity at a point x - d� r (x) to the incoming radiosity at the point x -
d� r (i ):

� =
d� r (x)
d� i (x)

The lambertian BRDF is then de�ned as re�ectance divided by � [1]:

fd(x) =
� d

�

2.3.2 Phong illumination model

The Phong illumination model is an empirical illumination model widely
used in many applications [4]. The amount of re�ected lights depends on the
viewing vector �! v , normal vector at the point of re�ection �! n , light vector

�!
l

and the re�ection vector �! r . The model recognizes three types of light [1]:

Figure 2.2: Vectors used in Phong and Blinn-Phong illumination model [2].

. Di�use

. Specular

. Ambient

Di�use component of Phong illumination model

The phong illumination model uses the Lambertian re�ection model as its
di�use component [1, 5]:

I d = I L r d(
�!
l :�! n )

5



2. Materials and illumination models............................
Specular component of Phong illumination model

The specular component is similar to the di�use one, but instead of depending
on the cosine of the angle between the incoming light and the normal, it
depends on the cosine of the angle between the re�ected vector and the
viewing vector powered to the order of coe�cient h. Coe�cient h dictates the
sharpness of the mirror re�ection. The higher the h, the smaller and more
precise the specular re�ection will be. Let �! v be the viewing vector, �! r the
re�ection vector, I L the color of the light vector ,r s the color of the surface
and h the coe�cient with its values in range <1, 1 >. Computation [1, 5]:

I s = I L r s(�! v :�! r )h

Ambient component of Phong illumination model

The ambient component is light coming from an unspeci�ed source at every
point of the model. The amount of luminance is thus independent of any
angle. Let I A the color of the ambient light vector and r s the color of the
surface, the resulting vector is computed as [1, 5]:

I a = I A r s

Computation of the Phong illumination model

Figure 2.3: Components of Phong illumination model [3].

Let I d be the di�use component, I s the specular component andI a the
ambient component. The combination of the three components give us the
resulting luminance [1]:

I v = I s + I a + I d

2.3.3 Blinn-Phong illumination model

Blinn-Phong modi�es and improves the Phong illumination model by replacing
the computation of an angle between the re�ection vector and the viewing
vector and instead uses an angle between the half vector and normal vector.
This results performance-wise in fewer calculations and graphically makes
for a more physically accurate appearance. Half vector is de�ned as the

6



.......................... 2.4. Physically based illumination models

normalized sum of the light vector l and viewing vector v [6]:

h =
l + v

len(l + v)

The modi�ed specular component:

I s = I L r s(�! n :
�!
h )h

Figure 2.4: Comparison of the Phong and Blinn-Phong illumination model [4].

2.4 Physically based illumination models

For a BRDF to be physically plausible, it needs to adhere to these �ve
preconditions [1]:. Helmholtz reciprocity principle - This principle is states that at a given

point the value of a BRDF stays the same if we interchange the re�ection
vector with the light vector:

f r (x; �! ! r ; �! ! i ) = f r (x; �! ! i ;
�! ! r )

. Positivity - the value of BRDF is always bigger than or equal to zero.. Anisotropy - the resulting value of the BRDF is also in�uenced by the
rotation of the object the. light is re�ecting on. This precondition is
often omitten in popular physically based BRDFs [1].. Law of energy conservation - Law of energy conservation in the context
of BRDFs means that the amount of energy re�ected will always be less
than the energy recieved:

Z



f r (x; �! ! r ; �! ! i )cos� i d

�! ! i � 1

. Linearity states that the BRDF function of a light vector at a certain
angle is not impacted by BRDF functions of light vectors at a di�erent
angle.

7



2. Materials and illumination models............................
2.4.1 Microfacet-based BRDFs

Microfacet-based BRDF assumes the existence of tiny microfacets that com-
prise the surface of an object, forming a random set of V-shaped concavities,
masking and shadowing each other, a�ecting the direction and visibility of the
re�ected vector. Microfacet-based BRDFs are generally de�ned as Lamber-
tian di�use + microfacet-based specular component [7, 1]. Torrance-Sparrow
BRDF and Cook-Torrance BRDF are popular examples of a microfacet-based
re�ection function. Let Cd be the Lambertian di�use function � d

� , F the
Fresnel function, D the distribution function and G the geometric function,
�! ! i be the direction of the incoming light, �! ! r be the direction of the re�ected
light and ! h cosine of the angle between the half vector and the normal vector.
Cook-Torrance is de�ned as follows [4]:

f r (�! ! r ; �! ! i ) = Cd +
F
�

D(! h)G(�! ! r ; �! ! i )
cos(�! ! r )cos(�! ! i ). D (! h) - microfacet distribution function which de�nes the amount of

microfacets that are oriented in the direction of the half vector. Parameter
m de�nes the roughness of the material, if the value of m is close to
0 then most microfacets are angled generally in the direction of the
macronormal which is the normal of the idealized smooth surface, if,
on the other hand, the value of m is close to 1 it results in an almost
di�use appearance as the microfacets are oriented in di�erent directions
scattering the re�ected light. It is common to use either Gaussian
distribution function or the Beckmann distribution function [ 4][18]. Let
m be the roughness parameter,! h be the cosine of the angle between
the normal of the macrosurface and the half vector of the microfacets.
The Beckmann distribution function is:

D (! h) =
1

m2! 4
h

exp(
! 2

h � 1
m2! 2

h
)

Figure 2.5: Directions of the vectors of re�ected light becoming more uniform
as the microfacet based surface gets smoother [10].

. F - Fresnel function increases the amount of light re�ected at grazing
angles, making it so the surface becomes more re�ective if viewed at
grazing angles (close to the surface or viewed from a great enough
distance). One of the di�erences between Torrance-Sparrow and Cook-
Torrance BRDF is that Cook-Torrance uses a more optimized version of
the Fresnel function. Let � be the absorption coe�cient of the surface,

8



.......................... 2.4. Physically based illumination models

� be the index of refraction, u be the cosine of the angle between the
light vector and the half vector, then the fresnel factor can be computed
as follows:

F (! r ) =
1
2

(b� u)2

(b+ u)2 f 1 +
[u(b+ u) � 1]2

[u(b� u) + 1] 2 g

where
b2 = � 2 + u2 � 1

It is common to use Schlick's approximation for the computation. Let u
be the cosine of the angle between the light vector and the half vector,
f � be the spectral distribution of the fresnel factor. The Schlick's fresnel
approximation is de�ned as follows [4][11]:

F (! r ) = f � + (1 � f � )(1 � u)5

. G(�! ! r ; �! ! i ) - Geometric function generally describes the amount of mi-
crofacets that will not be occluded by masking or shadowing. Let n be
the normal vector, h the half vector then the geometric function can be
computed as follows:

G(�! ! r ; �! ! i ) = min f 1;
2(n � h)(n � �! ! r )

(�! ! r � h)
;
2(n � h)(n � �! ! i )

(�! ! r � h)
g

Figure 2.6: On the left - light vectors unable to reach certain microfacets -
shadowing. On the right - certain vectors of re�ected light are blocked by other
microfacets, and thus they cannot be seen - masking [11].
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Chapter 3
Unity and its render pipelines

Unity is a game engine that provides its user's lot of options and customiz-
ability when it comes to rendering and appearance. Users can choose between
multiple pipelines (URP, HDRP, or default) or create a custom one. The
same applies to shaders. Each of the three pipelines has di�erent capabilities,
and it depends on the user and a multitude of factors (platform, performance,
familiarity, quality of graphics) which one should be used. For example, URP
or HDRP are more scalable and customizable but are more demanding when
it comes to performance and usability. Unity documentation divides the
render pipeline into three stages [9]:. Culling - culling objects that are not visible (occluded by other objects

or are not in the viewing frustum).. Rendering - drawing of the objects, light calculations.. Post-processing - applying additional graphical e�ects - depth of �eld,
bloom, or color grading.

3.1 Render pipeline

Render pipeline is a conceptual model that describes the process of putting
3D de�ned models on a 2D screen. As an input, it receives the geometry of
the object, typically in the form of an array of triangles or similar simple
geometric objects. The pipeline is generally de�ned in this order [8]:. Camera projection - Model and camera transformation of the object -

determining the position of the object relative to the camera.. Viewing frustum clipping - Evaluating the visibility of the object from
the camera. If it is not in the viewing frustum, it gets clipped.. Projection - Perspective (far away objects get diminished in size) or
orthogonal transformation.. Viewport transformation - Transformation to the area of the screen.. Local lighting - Calculating the color a�ected by lighting.

11



3. Unity and its render pipelines..............................
. Rasterization - Converting the object into rasterized form (the geometric

primitives in the form of vertices get �lled with pixels).

. Texture mapping - Mapping the 2d image (texture) onto each pixel.

. Pixel visibility checking - Determining which pixels of each object will
be visible from the viewpoint of the camera. Calculation often involves
a z-bu�er - determining if a certain pixel is occluded by another.

This rendering pipeline is a simpli�cation, and it is not always used in this
exact form (for example, local lighting and rasterization could be exchanged
and that would enable calculating the lighting more precisely per fragment)
[8].

3.1.1 Shader

Shaders are closely connected to the graphical pipelines - they can be used
for changing the way local lighting is calculated (BRDF) - creating lighting
types (for example, point or directional), or de�ning the shading and color of
the object. Shaders are often used for manipulating vertices (Vertex shader)
and fragments (Fragment shader), but they can also be used to modify other
parts of the pipeline. Shaders, as well as the whole graphical pipeline, are tied
to the graphics card. To access them, one can make use of many available
graphical APIs like Vulcan or OpenGL.

Figure 3.1: An example of a rendering pipeline with parts that can be modi�ed
by shader highlighted [5].

3.2 Default pipeline

Built-in render pipeline is the default pipeline used in Unity for rendering 3D
spaces.

3.2.1 Lighting in default pipeline

Rendering paths

The default render pipeline provides a choice of a rendering path. It can be
assigned in quality settings and can be overridden with each camera [9]:

12



................................... 3.2. Default pipeline

. Forward rendering renders each object in one or more passes, depending
on the number of lights that a�ect the objects [ 10]. The way in which
light is calculated depends on the intensity and distance of the light,
or they can be tagged 'Not important' (will be rendered per-vertex
or SH) or 'Important' (then it will be rendered per-pixel). Forward
rendering is recommended for scenes with a low number of lights and
scene complexity.

. Deferred rendering renders every light per pixel, but the e�ect of the lights
is applied to the pixels it illuminates on the screen, so the performance
cost is not dependent on the number of objects the light illuminates,
which in the case of forward rendering have to be then rendered multiple
times. This can result in better performance when using a high amount
of lights or creating a complex scene. It is not recommended to use
deferred in the case of smaller scenes because it su�ers from considerable
overhead. It cannot handle semi-transparent objects and does not support
antialiasing.

Types of global illumination

Default pipeline also provides multiple modes of global illumination [9]:

. Baked global illumination - Global illumination baked into a lightmap
(a texture that mimicks shadowing).

. Real-time global illumination - The built-in render pipeline is the only of
the three pipelines that provide real-time or mixed global illumination.
Unity uses a middleware named Enlighten by Geometrics to calculate
real-time global illumination.

. Mixed global illumination modes - Unity provides multiple modes of
behavior for mixed lights [9]:

. Baked Indirect - Combines real-time direct lighting with baked
indirect lighting and real-time shadows. The result looks quite
realistic and is moderately demanding resource-wise.. Shadowmask - Combines real-time direct lighting with baked indi-
rect lighting and blends real-time shadows for objects near to the
camera with baked shadows for objects far from it. It is the most
realistic looking but also the most demanding out of the modes.. Subtractive - Provides baked for both direct and indirect lighting
and real-time shadows only for one directional light. Suitable for
low-end hardware because of its low-performance cost but using it
causes the scenes to look less realistic and graphically impressive
than the other two modes.
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Types of lighting

Default pipeline provides four types of lighting [9].. Point light - It sends out light in all directions from the center cut o� at
a speci�ed range resulting in a sphere shape of in�uence. The decrease
in intensity resulting from the increasing distance from the center is
calculated using an inverse square law meaning that the intensity is
inversely proportional to the square of the distance from the center of
the light.. Spot light - Similar to the point light, but it is limited to the angle
resulting in the cone-shaped area of in�uence.. Directional light - It sends out light in a speci�ed direction everywhere
in the scene from far away as it does not have a speci�ed center. The
intensity of the light does not diminish with range. It is often used as a
source of sunlight in the scene.. Area light - It can be de�ned as a disc or a rectangle and it sends out the
light from one side of the shape. Due to the computational complexity
needed, it is only available in a baked mode.

Figure 3.2: Area light and its range of in�uence [9].

Figure 3.3: Three area lights illuminating a sphere showcasing the soft shading
they produce [9].
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................................... 3.2. Default pipeline

Light modes

. Baked - Unity precomputes the lighting into lightmaps. Real-time - Unity computes the lighting at runtime once per frame.. Mixed - Its behavior is determined by the Mixed lighting mode.

Light properties

. Type - Directional, point, spot, and area.. Range - Only for point and spot lights. De�nes how far the light will
travel from the center of the light before the intensity goes to zero.. Spot Angle - Only for spot light. De�nes the angle at the base of the
spot light's cone.. Color - De�nes the color of the light.. Mode - Baked, real-time and mixed.. Intensity - De�nes the brightness of the light.. Indirect Multiplier - Useful only when using global illumination. De�nes
the intensity and behavior of the indirect light. If the value of the indirect
multiplier is higher than 1 the intensity grows with every bounce. If it is
lower than 1 the intensity diminishes with every bounce.

Shadow properties of the light

. Shadow type. Soft shadows - Shadows have smoothed edges producing more
realistic-looking shadows. Soft shadows take more time to render
than hard shadows.. Hard shadows - Shadows with sharp edges.. Shadow settings for lights set to a mixed or baked lighting mode:. Baked shadow angle - Only for directional light with soft shadows.
Softens the edges of the shadows.. Baked shadow radius - Only for point and spot lights. Softens the
edges of the shadows.. Realtime shadows - settings for lights with lighting mode set to realtime

or baked lighting mode:. Strength - Controls the darkness of the shadows.. Resolution - Controls the resolution of the shadows.
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3. Unity and its render pipelines..............................
. Bias - Controls the distance at which the shadows are pushed away

from the light. Normal bias - Controls how far along their normals shadow casting
surfaces will be pushed.. Near plane - Controls the values of the near clip plane.

Additional properties of the light

. Cookie - It is used to specify a texture mask to create silhouettes.. Draw halo - Draws a halo around the light with its diameter de�ned by
the range of the light.. Render mode - Sets the rendering priority related to the rendering paths.. Flare - Can be used to assign a lens �are.. Culling mask - Uses Unity's layer system. It can be used to exclude
objects from being a�ected by light.

Figure 3.4: Properties in the light inspector.
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................................... 3.2. Default pipeline

3.2.2 Shaders in the default pipeline

There are 3 main shaders available in the default pipeline, excluding the
legacy shaders kept in Unity because of backward compatibility [20]:. Standard shader - Default shader when using the default pipeline.. Standard particle shader - Used for rendering particle e�ects.. Autodesk interactive shader - Used for materials with interactive PBS

shaders used in Autodesk 3DsMax and Autodesk Maya. It uses identical
properties to the PBS shader, but its appearance is not completely
identical.

Standard shader

The Standard shader is the default shader for the build-in render pipeline.
Shaders dictate the properties and appearance of material [10]. Standard
shader incorporates physically based shading, illumination model of the
Standard shader uses Disney model for di�use component, GGX model
for specular, with Smith Joint GGX visibility term and Schlick Fresnel
approximation [21]:

f r (�! ! r ; �! ! i ) = D f +
FDG

4

where D f (di�use component) is the Disney model for di�use. This model
chooses to add Fresnel factor to the di�use model using Schlick-Fresnel
approximation and slightly tweaking it. Let ! v be the incidence angle of the
viewing vector, ! l be the incidence angle of the light vector,! d the angle
between the light vector and half-vector, roughness the roughness parameter
of the material, Cd the base color, the di�use function is de�ned as [7]:

D f =
Cd

�
(1 + ( FD 90 � 1)(1 � cos! l )5)(1 + ( FD 90 � 1)(1 � cos! v)5)

where
FD 90 = 0 :5 + 2roughness cos2! d

Let u be the cosine of the angle between the light vector and the half vector,
f � be the spectral distribution of the fresnel factor. The Schlick's fresnel
approximation is de�ned as follows [4][11]:

F = f � + (1 � f � )(1 � u)5

Let � g be the roughness parameter, m a microsurface normal, n a macrosurface
normal, � + (x) the positive characteristic function (equals one if x is greater
than zero and equals zero if it equal or less than zero), the� m the angle
between m and n, the GGX distribution is de�ned as [12]:

D =
� 2

g� + (m � n)

�cos 4� m (� 2
g + tan2� m )2

17



3. Unity and its render pipelines..............................
G is the Smith Joint height-correlated masking-shadowing function. Let �! ! o

be the direction of the re�ected light, �! ! i be the direction of the incident light,
�!! m the microsurface normal,� be the roughness parameter,� o the angle of of
the re�ected light, � i the angle of incidence,� be the directional correlation
factor, the function is de�ned as [13]:

G = G 2(�! ! o; �! ! i ;
�!! m ) =

� + (�! ! o � �!! m )� + (�! ! i � �!! m )
1 + �( �! ! i ) + �( �! ! o)

where

�( �! ! o) =
� 1 +

q
1 + 1

a2

2
;

a =
1

�tan� o
;

�( �! ! i ) =
� 1 +

q
1 + 1

a2

2
;

a =
1

�tan� i

Smoothness and metallic parameter in the Standard shader

Standard shader adds to the model described above another component -
global illumination, which includes its own fresnel term. The components of

Figure 3.5: Color computation in a BRDF function of the Standard shader, dif-
fuse part in the �rst row, specular part in the second row, and global illumination
in the third row. Functions or variables where metallic parameter contributes are
highlighted blue (fresnel function, di� color), and where smoothness contributes
are highlighted green.

the BRDF, as implemented in the Standard shader, use roughness instead of
smoothness. Standard shader also distinguishes between perceptual roughness
and roughness. Smoothness is the property that is presented to the player
through material properties. The conversion formulas for perceptual roughness
and roughness are [21]:

perceptual roughness = (1 - smoothness);
roughness = (perceptual roughness * perceptual roughness);

Perceptual roughness is used as the roughness parameter of the di�use func-
tion, while roughness is used as the roughness parameter of the geometric and
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................................... 3.2. Default pipeline

distribution function. Thus, smoothness (as a Unity's material property) af-
fects both the specular and di�use components of the BRDF. Smoothness also
a�ects the visibility of environmental re�ection. Visually this means that at
smoothness 0 there is no specular highlight and environmental re�ection. At
smoothness 1 there is a very focused specular highlight and mostly visible envi-
ronmental re�ection.

Metallic parameter is involved in the calculation of specular color and one-
MinusRe�ectivity variable (albedo is the color of the material and unity_
ColorSpaceDielectricSpec is a constant vec4):

oneMinusReflectivity = (unity_ColorSpaceDielectricSpec.a
- metallic * unity_ColorSpaceDielectricSpec.a);

specColor = lerp (unity_ColorSpaceDielectricSpec.rgb, albedo, metallic);

Specular color is then used as a spectral distribution parameter of the fresnel
function (fresnel function of the specular component and the global illumina-
tion component). OneMinusRe�ectivity multiplies di�use color. This results
in the di�use component having no part in the color calculation if the metallic
parameter is 1 as OneMinusRe�ectivity is then 0. The metallic parameter
thus in�uences only the di�use color and the e�ects of the fresnel function.

Figure 3.6: Smoothness 0 on the left, smoothness 1 on the right (metallic 0).

Figure 3.7: Metallic 0 on the left, Metallic 1 on the right (Smoothness 0).

Material properties in the Standard shader

These are the properties of the material that can be modi�ed in the Standard
shader [20]:
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3. Unity and its render pipelines..............................
. Rendering mode - Unity provides 4 rendering modes that change the

transparency of the object in various ways:

. Opaque - Used for solid, non-transparent materials.. Cutout - Used for materials that have parts that are completely
transparent - this mode does not allow for semi-transparency.. Transparent - Used for materials that have transparent or semi-
transparent parts (for example, window texture). Fade - This allows the material to completely fade out (and so make
the object invisible), which is useful for animation.

. Albedo - Sets the color of the material either by changing the RGB
values or using a texture.

. Metallic - values:[0-1] or a metallic map. The metallic surface re�ects
the environment more and loses its own albedo color. If the metallic
parameter is closer to 0 material becomes less re�ective, and its albedo
color is more pronounced. The metallic map can be used to only de�ne
parts of a texture as metallic.

Figure 3.8: Image showcasing how the changes of metallic parameter in�uence
the material appearance in the Standard shader. Smoothness = 0.8 [10].

. Specular - values: RGB color or a specular map. The brightness of
the RGB color in�uences the strength of the specular re�ection and the
overall color of the tint.

. Smoothness - values:[0-1]. Smoothness controls the microsurface detail of
the material. If the value of smoothness is close to one, the microsurface
detail starts to resemble the smooth macrosurface making the light
vectors re�ect in a similar direction.

Figure 3.9: Image showcasing the changes in specular re�ections as the smooth-
ness parameter changes in the Standard shader [10].
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................................... 3.2. Default pipeline

Figure 3.10: Specular mode (left) of the Standard shader and metallic mode of
the Standard shader (right) [6][7].

. Source (of smoothness) - The source of the smoothness value from a tex-
ture. The source can be either the alpha channel of the specular/metallic
map or the alpha channel of the albedo map.. Highlights - Disable/enable the specular highlights.. Re�ections - Disable/enable re�ections.. Normal map - A texture that creates an illusion of small surface details
by changing the way the light is re�ected o� of a surface.. Height map - A texture that shifts the visible surface.. Occlusion - Dictates which parts of the model should be more and which
less indirectly lit. Emission - Turning it on causes the material to emit light.. Secondary map - Can be used to add a texture for details on top of the
main texture, such as adding pores to the skin.
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3. Unity and its render pipelines..............................
. Detail Mask - Can be used for excluding parts of the model from the

e�ects of the secondary map.

Modes of the Standard shader

Materials in the Standard shader can be de�ned in two modes [20]:. Specular mode - Changes the metallic slider to specular color [10].. Metallic mode - It is the default mode of the Standard shader. Allows
for changing the metallic parameter of the material.

3.3 URP - Universal render pipeline

URP is a prebuild scriptable pipeline and provides better customizability
than default while being less demanding and available for most platforms
[14].

3.3.1 Lighting in URP

URP provides two renderers:. Universal renderer - the default renderer. Forward and deferred rendering
modes are available.. 2D renderer - applies 2D lighting to sprites.

The light properties are the same as in the Standard shader. URP also
provides real-time global illumination using Enlighten as well as baked or
mixed global illumination.

3.3.2 Materials in URP

URP shaders are:. Lit - Default shader for URP - physically plausible.. Simple Lit - Simpli�ed Lit shader and is not physically plausible (doesn't
check for energy conservation) [14].. Bake Lit - It is not physically plausible and has no real-time lighting.. Unlit - for object that don't need lighting.. Particles Lit - For making almost photo-realistic looking particles.. Particles Simple Lit.. Particles Unlit.. SpeedTree - For tree rendering.
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.......................... 3.4. HDRP High-de�nition render pipeline

Figure 3.11: Properties in the URP light inspector.

. Autodesk shaders.

Similar to the Standard shader, Lit shader o�ers two modes: metallic and
specular. Overall the options Lit shader provides are similar to the Standard
shader, except lit shader adds a render face option which determines which
side of the geometry to cull and which side to render. Only Lit and particles
Lit shaders are physically plausible. Most of the other shaders are based on
simpler illumination models (for example, Simple lit is based on the Blinn-
Phong model). The illumination model of the Lit shader as described in the
documentation - specular component based on GGX function seems very
similar to the one used in Standard shader. Unfortunately, no details on how
the di�use component is calculated are provided [14].

3.4 HDRP High-de�nition render pipeline

High-de�nition render pipeline is the most demanding out of the three
pipelines and is limited only to modern consoles and computers. It uses
a con�gurable hybrid Tile/Cluster deferred/Forward lighting architecture[ 15].
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Figure 3.12: Material properties in URP Lit shader [8].

Volumes

HDRP uses volumes to determine how to render a scene environment. This
includes post-processing, shadows, environmental e�ects like fog or sky, and
exposure. Volumes with their volume pro�le can be used globally or assigned
to a speci�c scene [15].

3.4.1 Lighting in HDRP

Global illumination in HDRP

HDRP provides baked and real-time global illumination. HDRP also supports
raytracing.
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Types and modes of light in HDRP

HDRP provides the same type of lights and modes as URP and default but
with more options to modify their properties [15]:. Spot light can be changed into three di�erent shapes: cone, pyramid,

and box.. Directional light's angular diameter can be modi�ed, which changes the
size of the specular highlight and the softness of the shadows.

Light units in HDRP

. Candela - Unit of luminous intensity. Luminous intensity is a measure
of the total amount of light the light source emits.. Lumen - Unit of luminous �ux. Luminous �ux describes the intensity of
the beam of light.. Lux - Lumen per square meter.. Nits - Candela per square meter.

Light properties in HDRP

Light properties are largely the same as in URP or default pipeline, but there
are some additional properties [15]:. A�ect Di�use - If enabled the light will a�ect the di�use lighting of the

material.. A�ect Specular - If enabled the light will a�ect the specular lighting of
the material.. Fade Distance.. Range Attentuation - Enable or disable the light attentuation.. Intensity Multiplier.. Include For Raytracing.

Volumetrics and shadows

Volumetric options determine how the behavior of light is a�ected by atmo-
spheric scattering (fog, clouds, or mist, for example).. Enable.. Dimmer - Dims the volumetric lighting e�ect of this light.. Shadow Dimmer - Dims the volumetric fog of this light.

HDRP adds some new shadow properties to the ones in URP or default
pipeline, such as dimmer, penumbra tint, or fade distance.
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Figure 3.13: Properties in the HDRP light inspector (without volumetric and
shadow components).

3.4.2 Shaders in HDRP

HDRP main shaders are:. Lit Shader. Layered Lit Shader

It also provides specialized shaders for speci�c objects/surfaces, for example,
Eye shader, Hair shader, Silk shader, or Terrain lit shader. Lit shader for
HDRP is physically based and seems like it is an upgraded version of the
UPR Lit shader with additional features such as an option of turning on
Anisotropy or Subsurface scattering.

Material properties in the Lit (HDRP) shader

Surface options of the material properties:. Surface Type - Opaque or transparent.. Alpha Clipping.. Double-Sided - If enabled, both faces of the polygon are rendered.. Material Type. Subsurface Scattering - Used for translucent objects. Simulates
the light scattering occurring in translucent objects - blurring and
scattering it.
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Figure 3.14: Material properties in HDRP Lit shader (without emission, de-
tail map, and advance options as they are very similar to the ones in the
URP/Standard shader) [8].

. Standard - The default mode.. Anisotropy - The appearance of the highlights of anisotropic surfaces
depends on the angle the material is looked at.. Iridescence - Iridescence causes a change of color of the surface
based on the viewing angle.. Specular color - Similar to the specular mode of the Standard
shader.. Translucent - Similar to the subsurface scattering mode but does
not blur the light.. Receive Decals.
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. Receive SSR (screen space re�ections).. Geometric Specular AA - Modi�es the smoothness value to get rid of

specular artifacts.. Displacement Mode - Vertex or pixel. Heightmap either displaces mesh's
vertices or pixels.

New or di�erent maps to the ones available in the Standard shader:. Mask Map - replaces the metallic, ambient occlusion, and smoothness
map. Each component of the mask map stores a di�erent map. Red
color stores the metallic map, green the ambient occlusion map, blue the
detail mask map, and alpha the smoothness map.. Coat Mask - Simulates a clear coat e�ect.. Bent Normal Map.
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Chapter 4
Implementation

The main goal of the application is to provide an environment for comparing
the appearance of materials between the main shaders (Default and Lit) of
Unity's three pipelines (Default, URP, HDRP). The application was developed
in Unity version 2021.2.6f1.
Packages used:

. High De�nition RP

. Universal RP

Assets used in the application:

Asset name Author

HDRP Furniture Pack Tridify

Apartment kit Brick project studio

Picture frames with photos 3Dfrk

Trash Bin Rodolfo Rubens

Door Free Pack Aferar Andrey Ferar

Pack Gesta Furniture 1 Gest

TV Furniture Enozone

QA Books QAtmo

Classic Interior Door Pack 1 Jan Fidler

Wooden PBR Table Intercido

Kitchen Props Free Jake Sullivan

Interior Props Pack Asset reach the enD

Polygon dining room alebrijes Studio

Free Stylized Skybox Yuki2022

Table 4.1: Table of used assets.

The user can switch between two scenes - the default scene and the composite
scene.
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4. Implementation....................................
4.1 Default scene

The default scene contains four scene compositions - Default, Mitsuba, Medusa,
and Spikes. On the left side of the screen, there are two columns of buttons.
The �rst column enables the user to switch between pipelines and the second
column between the scene compositions. There is also an option to hide the
UI. Underneath, there is a checkbox to show FPS and a button to switch to
the composite scene. In the bottom left part, there are buttons that uncover
sliders to either modify the material properties or the light.
There are �ve sliders that change the material properties in all pipelines
(range 0-1):. Metallic. Smoothness. Red. Green. Blue

Figure 4.1: Material (left) and light (right) sliders.

There are two sliders that change the light properties in all pipelines :. Range (range 0-40). Intensity (0-100 - in the case of HDRP multiplied by 10000)

On the right side of the screen, there are 12 material presets available -
rubber, gold, silver, aluminium, plastic, withered wood, blue paint, fabric,
marble, wood, concrete, and brick. They change the material of the object -
in the default scene, it is the material of objects in all compositions except
for the inner mitsuba ball and backgrounds. On the right side, there are also
buttons to reset the scene, turn on image view and save the image of the
scene or save the scene itself.

4.1.1 Scene composition

The default composition contains a sphere and a box surrounded by walls. The
mitsuba composition contains a mitsuba knob standing on a plane. Medusa
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.................................... 4.1. Default scene

and spikes compositions contain an optimized model for evaluating BRDFs,
approximately emulating the proposed ideal conditions (50° angle and a
distance of the camera between 0.3 and 0.8 meters) [16].

Figure 4.2: Default composition in Default rendering pipeline.

Figure 4.3: Mitsuba composition in Default rendering pipeline.
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