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Abstract
High dynamic range images are an important part of working in Blender, serving as light
maps and backgrounds. The aim of this thesis is to draft and implement a Blender add-
on, which would simplify the creation of high dynamic range image files by procedurally
generating environment maps. This add-on contains multiple options for procedurally gen-
erating environment maps, ranging from abstract rooms to forests and mountains. The
procedural generation is implemented using Blender’s geometry nodes, shading nodes and
particle systems.

Abstrakt
High dynamic range image soubory jsou důležitou součástí práce s Blenderem. Cílem
této práce je navrhnout a implementovat Blender add-on, který zjednodušuje tvorbu high
dynamic range image souborů pomocí procedurálního generování map prostředí. Tento
add-on obsahuje různé možnosti procedurálního generování map prostředí, od abstraktních
místností po lesy a hory. Procedurální generování je implementováno pomocí geometry
nodes, shading nodes a částicových systémů v Blenderu.
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Rozšířený abstrakt
Osvětlení je velice důležité téma v oblasti 3D grafiky. Má velký vliv na vzhled scény,
někdy více než samotný obsah scény. Scény v 3D grafice mohou být osvětleny několika
různými způsoby. Buďto se dá využít samotných objektů, které mohou vyzařovat světlo
a nebo se může využít takzvané mapy prostředí, která kromě poskytování světla také slouží
jako prostředí pozadí a pro simulaci odrazů světla u objektů s kovovým povrchem. Obrazy
s vysokým dynamickým rozsahem (dále HDRI) jsou často používané jako mapa prostředí.
Může být složíté a časově náročné si vytvořit vlastní HDRI. Tento add-on vznikl za cílem
usnadnění tohoto procesu.

Účel tohoto add-onu je vytvořit procedurální modely generování prostředí a implemen-
tovat je v prostředí Blender Python API. Je vytvořen pro Blender verze 4.4.

Začátek práce se věnuje popisu použitých prostředků, procedurálního generování, meto-
dik procedurálního generování a HDRI. Do hloubky je popsána aplikace Blender pro niž je
add-on vytvořen, specificky její možnosti rozšiřování funkcionality pomocí skriptů a funkce
geometry nodes, shading nodes a částicové systémy.

Poté následuje návrh add-onu vytvořený na základě analýzy dostupných prostředků. Pro
dosažení procedurálního modelu generování prostředí, jak již bylo zmíněno, byly zvoleny
modely geometry nodes, shading nodes a částicové systémy dostupné v Blender. Pro vytvo-
ření uživatelského rozhraní bylo vybráno prostředí World Shading Nodes a jeho možnost
vytvořit si vlastní kategorie a typy Nodes.

Další sekce se věnuje samotné implementaci add-onu. Popisuje vytvořené uživatelské
rozhraní a jak s ním pracovat. Dále popisuje implementaci samotné procedurální generování
prostředí a jak se nakládá s vyrenderovaným HDR souborem. Add-on obsahuje vlastní
výchozí materiály, které jsou v této sekci také probrány.

V posledních dvou kapitolách se nachází testování a shrnutí projektu. Testoval se čas
a náročnost renderování a také jak kvaltní výsledný render je, což bylo provedeno srovnáním
s již existujícími HDRI.

V appendixu jsou obsaženy další HDRI vygenerované tímto add-onem.
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Chapter 1

Introduction

Lighting is a very important topic in 3D graphics. It shapes the appearance of a scene,
sometimes more than the contents of the scene themselves. Scenes in 3D graphics can
be lit up by multiple di�erent methods. Either by making use of the objects themselves,
which can be made to emit light, or by using an environment map, which, in addition
to providing light, also simulates the environment for background and re�ections. High
dynamic range images (HDRI) are often used as an environment map. It can be di�cult
and time consuming to create one from scratch if required. To facilitate that, this add-on
was created.

This work is made to help people make their own background and lighting for a scene
with ease and to be able to choose from multiple di�erent options. It is an add-on, written
for Blender version 4.4, that generates an environment map and uses that map to create
a high dynamic range image. The add-on's user interface is a node containing properties
for procedural generation. The inputted properties are used to procedurally generate one
of the supported scenes. The currently implemented scenes are abstract icosphere room,
abstract cube room, sky, mountains and forest.

In Chapter 2, the matters of procedural generation and high dynamic range images
and the tools used are described. Chapter 3 talks about the design of the add-on, how
to operate the add-on, and the decomposition of the problem. Chapter 4 contains an
explanation of the way the add-on is implemented. It details how Blender can be used to
achieve the procedural generation itself and what methods are used to create high dynamic
range images. Finally, Chapter 5 contains test results for the �nished add-on product,
detailing the issues it uncovered, benchmark results, and comparisons with existing HDR
images. The Appendix A contains a showcase of HDRIs made by this add-on.
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Chapter 2

Procedural Generation and HDRI

This chapter contains theoretical information about the tools used and about matters of
procedural generation of environment maps and high dynamic range images.

2.1 Procedural Generation

Procedural generation [4] uses algorithms and patterns to create digital assets with minimal
user input, compared to manual modeling, where assets are created by continuous input
from a person. It is most commonly used to create assets for games, simulations, and
movies, but it is not limited to these three �elds. One of the most common uses is terrain
generation in video games. It allows games to have a very high number of di�erent worlds
and terrains without needing someone to model all of them. One of these games is Terraria1.
The game uses a 10 digit seed, di�erent world sizes, and di�erent di�culties for its world
generation, making the total amount of possible worlds at least over 100 billion. One of
these worlds can be seen in Figure 2.1.

1Terraria's o�cial website: terraria.org
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Figure 2.1: An example of a procedurally generated world in the game Terraria.

2.2 Environment Procedural Generation Methods

There are many di�erent methods for procedural generation, each with their own use.
Common techniques [3] used in terrain generation include noise functions, L-systems, and
fractals. There are also methods such as tensor �elds and template patters combined with
Voronoi diagrams that can be used for roads and cities. For procedural generation of trees
and plants, L-systems and geometrical structures can be used.

2.2.1 Noise Functions

According to Perlin and Ho�ert [6] noise is an approximation to the white noise band-
limited to a single octave. White noise contains all frequencies in an equal mixture with
random phase.

Noise functions are used to generate noise procedurally. The potential advantages of
noise functions are:

ˆ They are very compact in comparison to the storage of noise images.

ˆ They do not require discretely sampled data and can �t any resolution.

ˆ They are unlimited unlike discretely sampled data.

ˆ They can o�er parametrization.

ˆ They can be accessed constantly without any prior requirements.
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Noise functions can be classi�ed into three di�ering categories:

ˆ Lattice gradient noise functions , which are procedural functions that generate
noise by interpolating randomly generated integer values or randomly generated gra-
dients. One of the most commonly used lattice gradient noises is thePerlin noise .
Figure 2.2 shows examples of Perlin noise. Perlin noise with higher octaves and res-
olutions can be used as a height map for procedural terrain generation. An example
of a terrain generated using this way can be found in Figure 2.3.

ˆ Sparse convolution noise functions which are procedural functions that generate
noise by making a sum of randomly positioned and weighted kernels.

ˆ Explicit noise functions , which are functions that generate noise explicitly through
a preprocess. These functions are not completely procedural in how they function.

Figure 2.2: Perlin noise simulated in Blender with Noise Texture with di�ering scales and
detail.
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Figure 2.3: Procedurally generated terrain in Blender using a higher octave Perlin noise.

2.2.2 L-Systems

Lindenmayer systems [7] or L-systems are based on a mathematical theory of plant devel-
opment. Originally, they were simple and did not include enough detail to make it possible
for modeling of comprehensive looking higher plants to exist.

The main focus of L-systems is on the relationships between neighboring cells and
larger parts of plants and trees. Unlike later models, they were not based on geometric
aspects of plants. They only became a viable plant modeling tool after several geometric
interpretations of them were proposed [8]. They later expanded beyond just plant modeling.

The main idea behind L-systems is that of de�ning a set of rewriting rules and a base
alphabet and using iterations of them to de�ne more complex structures.

The most basic L-system is composed of:

ˆ alphabet V containing a set of parts,

ˆ axiom ! , which is a nonempty set comprised of parts from the alphabet V that sets
the initial state of the system,

ˆ set of productions P, which contain all the rules for rewriting.

There can be other components of an L-system, such as the function� : P ! (0; 1], which
is the probability distribution of the productions found in P.

An example of an L-system can be seen in the following table:

V : (a; b; c)
! : a
p1 : a ! bc
p2 : b ! a
p3 : c ! ab

With the starting point being the axiom ! , the generated sequences can be seen in the
following table:
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a
bc
aab
bcbca
aabaabbc
. . .

2.2.3 Geometrical Tree Generation

Jason Weber and Joseph Penn described a geometrical model [9] for procedural tree gen-
eration, where branches grow iteratively.

Rather than using string rewriting (as described in L-systems), this model simulates
real tree growth over time. It is focused on simulating the tendency to grow towards light
and the dominance of the main stem over side branches. A simple way to understand the
model is that it is based on BaseSplits, SegSplits, and RotateV variables. BaseSplit variable
holds information on how many times the base of the tree should split. SegSplits tells how
many times the connecting segments should split. RotateV is the rotation of the segments
that split away from the main stem. The Sapling Tree Gen in blender is based on this
model.

Figure 2.4 shows these three main variables in e�ect on a tree generated by this add-on.

Figure 2.4: A tree generated in Sapling Tree Gen, showing the tree generation process.

2.3 Blender

Blender2 is a free open�source 3D computer graphics editor. It can be used to create
3D models, animations, textures, motion graphics, and many others. It also o�ers an
environment to script and make add-ons to expand its functionality. Figure 2.5 shows the
main window of Blender.

2Blender's o�cial website: blender.org
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Figure 2.5: Blender window, containing the currently open workspace which is showing the
scene, workspace selector to switch between di�erent workspaces, a scene tab containing
di�erent scenes and objects within scenes, a context menu containing the settings of the
context and frames for animation.

2.3.1 Scripting

Blender contains its own o�cial Python API 3. This API is used to write scripts to expand
the functionality of Blender by making add-ons.

Blender has a console for testing short scripts. When a command is entered, it is used
in real time to see the outcome. It also contains a text editor that can be used to create
.py �les which contain a string of commands. Those .py �les can then be distributed and
executed to achieve the desired functionality. Blender also allows these �les to be made
into add-ons, which have their own UI and can be installed. Figure 2.6 shows the window
used for scripting in Blender.

3Current Blender Python API documentation: docs.blender.org/api/current
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Figure 2.6: Blender scripting environment, containing a view of the layout window, a
Python console, a text editor with an open template �le and a list of previously used
commands.

2.3.2 Geometry Nodes

Geometry nodes [1] are a system within Blender that is used to make modi�ers that change
the geometry of an object with node-based operations. They are located within the Geom-
etry Nodes tab.

Geometry nodes and their operations can be chained and interconnected in many ways,
forming geometry node trees called node group. Node groups begin with a Group Input
node that passes the original mesh geometry into the group. It is then modi�ed by a
chain of operations within each node of the group and returned in the Group Output node.
Geometry nodes can be used to achieve nearly in�nite options with meshes, one of them
being procedural generation.

Each node consists of multiple parts. Those parts are the title, the input/output sockets,
and the properties. The title is the name of the node and usually is also a description of
what the node does. Sockets are used to pass values between nodes in the node group.
Properties are used to modify node's output. Figure 2.7 shows example geometry nodes.
Figure 2.8 shows an example geometry node group.
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Figure 2.7: Two geometry nodes connected together with their parts described. The �rst
node is used to extrude the mesh, the second node is used to subdivide the surface of the
mesh into smaller parts.
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Figure 2.8: Geometry node group implementing the Auto Smooth modi�er, used to shade
smooth on smooth surfaces while shading �at on �at surfaces. This modi�er is a default
modi�er in Blender.

2.3.3 Shading Nodes

Similarly to geometry nodes, shading nodes [1] can be used to de�ne materials and shaders.
They function the same as geometry nodes, being an interconnected group of nodes that
a�ect the output shader. They are used for both objects with object shader and back-
grounds with world shader. They can be used to make procedurally generated materials
and textures. They are located within the Shading tab. Figure 2.9 shows a texture made
with shading nodes and the shading node group used to produce this texture.
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Figure 2.9: A texture made using the shading node group shown below it. Noise texture is
used as input for a color ramp to create the texture seen above. Another Noise texture is
used for displacement to give the texture a 3D look.

Another way shading nodes can be used in procedural generation is the Sky Texture
node. The Sky Texture node generates a procedural sky and is usually used as the back-
ground via the World Output node. It o�ers high customization with options for sun inten-
sity, elevation, height above the sea, ozone, dust, and air. With a wide range of settings, it
can be used to achieve backgrounds for procedurally generated pictures. Figure 2.10 shows
an example sky texture.
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Figure 2.10: Showcase of a Sky Texture node used as world background shown in Blender
along with the sky texture node used to achieve this e�ect.

2.3.4 Particle Systems

Particle systems [1] are an object modi�er in Blender and are a feature used to simulate a
wide variety of e�ects such as hair, fur, smoke, rain, and dust. Particle systems allow an
object to emit items from its mesh. The appearance of particles can range from a small
point of light to complex objects composed of multiple meshes. Blender o�ers two main
types of particle system:

ˆ Emitter particle systems can be used for e�ects like smoke, �re, and rain. Particles
emitted by an emitter particle system o�er options of velocity, gravity, collision-based
dynamics, start and end frames, and force �eld interactions. The e�ect of snowfall
made by an emitter can be seen in Figure 2.11.

ˆ Hair particle systems can be used for things like hair, fur, and grass. Particles emitted
by a hair particle system remain anchored to the surface. They o�er settings for
length, shape, child particles, and physics options.

Particle systems can be used to simulate procedural generation because of their option to
use a seed. They can be used as a function to randomly spread objects such as trees and
buildings across an area, thus simulating a forest or a city. An example of this can be seen
in Figure 2.12.
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