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Abstract
Procedural Generation plays an important role in modern computer graphics and dediggt. For
creation of buildings, procedural construction is.k&yhough there are several tools for creating
goodlooking structures, many of them lack a realistic and artistic t&tohctural degradation by
weathering effects and reabrld occurrencesnug be taken into consideratioto make them
appear more authenti®his project illustratesan implementation, which usehe CGA Shape
Grammar to design a structure, the grid model to streral attributes of the mogdahd a variety

of techniquesnd bols to illustrate how buildings and various materials age.
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Chapter 1

Introduction

Contents

1.1 Motivation
1.2 Contributions

1.3 Objective

1.1 Motivation

Computer graphics nessitates the use of technology. Theyl@@eominga widespread feature in
user interfaces and commercial motion films on television. Today's computer visuals are vastly
different from those of the pagtrtists and architects now haaa interactive user interface that

allowsthemto manipulatetie structure of an item using a variety of input devices.

In films and video games, graphic designers see&rwey their creative vision and evoke feelings
within the audienceéAs a resultthe film and gaming industries aim to achieve distinctive outcomes
by hiring a large number of artists and spending a significant amount of money and resources.

Therefore procedural generation emerges to assist businesses in avoiding costly outcomes.

Procedural generation is the process where the computer creates the most needed materials using
only thenecessaryesources. As a result, a lot of time and money can be saved to increase the

efficiency and the developmeot a bigscale project



Furthermoreprocedural generation in buildings has been increasingly popularlastdecade,
and individuals are experimenting with new ways to portray their structdoggever, many
procedural construction apgaches have significant flaws, suchtlusir geneators whichare
quite sluggish, and the data intake is enorm®hbese limitations create an opportunity and
encourage scientists to examine the use of building generation for video gatim@sparticular
focus on inventing an algorithm that reducesatmunt of mesh data created for each building

and the generation time.

In terms of the results that computers generate, most projects lack a realistic look, since they
generate fiexcell ent 0 out.medntsasteeal lifewhertpeoplglivé o t he
in houseghat have flaws due to the passage of time and weather conditions, and this is what the
game users and spectators wansee As previously stated, individuals struggle with madihegj

rather than displayinthe impact from ageingnd weather condition3hey want to handle their

large input data in order to provide larger outcomes, warehwhat the majority of consumers

really want to view; results.

The goal of this solutiors to develop outcomes that are fairly similar to ¢hesen in the actual
world, not flawless bustill pleasing to the eydhe aim isto handle as much data as possible in

order to get highresolution, lowcomplexity outcomes.

1.2 Contributions
The following ae the thesis' key contributians

1 Use the software SideFX Houdinemploy facade operations with the CGA Shape
Grammarsimulate the modegdrocedurally and apply aging to it.

1 Useof CGA Grammar Shape to split all of the building's facades and assign each facade



to a distinct group.

1 Introducea procedural method for assigning attributes to each point of the construction by
reading files.

1 Present weathering effects utilizing aging tools/techniques that are similar to how
structures age in the actual world.

1 Demonstratealternative waysor how astructure may behave rather than target the
simul ationbés efficiency.

1 Introduce various building materials and how they mature. Some materials are stiffer than

others, and the effect that a material may have varies.

1.3 Objective

The project's desired n@$ is to implement a system that generates age effects for buildings in a
procedural mannef.he purpose is to create a tool to grdphic designers, as well as architects,

to achieve more accuraeyhen creating historic structures or imagining how dding would

age. Furthermore, the approach may be beneficial to the gardumiry When a project requires

the construction of a new or deterioration of an existing structutarge number of graphic
designers and programmers work tirelessly to get the desired outbitinghe aid of procedural
generation, a lot of time and resources are saafmlying graphic artists to focus all of their
attention and creativity on theimor details, resulting in a considerably better product. Finally, the
technology would allow the artists to use thmilentto produce fascinating aging effects and

demonstrate their abilities.



Chapter 2

Literature Review

Contents

2.1 Procedural Modeling of Buildings
2.2L-System
2.3CGA Shape Grammar

2.4 Building Aging

2.1 Procedural Modeling of Buildings

Parish and Mulle(2001) employed procedural modeling to construct CityEngine, a software tool
that was first developed at ETH Zurich and eventualhyght by ESRI CityEngine is a
commercial multiplatform 3D modeling program that was created to create 3D urban landscapes.
The proceduraimethod to modeling efficiently is theentral principle of CityEngin¢Mdiller,

Zeng, Wonka and Van Gool, 2007he pipeline includes numerous procedural modeling tools
for creating largescale urban layouts as well as CGA rules deneratingcomplexstructures
(Muller et al., 2006)In summarythis method uses a ruleased approach to provide a rapid and

easy wa to develop urban design scenarios. The issue with this strategy, as a result of the mix of



different types, would be to alter parameters to adapt to current city conditions.

2.2L-system

Muller et al. (2006used the Lindenmayer systemrsL-systemsvhich they were outlinedy the
Hungarian scientist and botanist Aristid Lindenmayer in 1968 who needed to portray plant
developmentNiuller et al., 2005 The exhibit of astounding success based on the utilization of
designgrammars had fundamehtimpact onprocedural methoddn spite of the fact thdt-
systems are na@pecificallypertinentfor this goa) the naion of grammar and some of thales

(scale, translate, rotatejereembraced for Procedural Modeling Buildin@siller et al., 2006)

L-systems follow astraightforwardconsecutivestructure which can beharacterizedy
threefundamentaparts:A’ Vo whi ch is an al phabsrét aef atlsersmn
symbol s and a finite S e t chavatterizghe omdyuirc twhich n rul

thefactorsmodify themselvegWonka, Wimmer, Sillion and Ribarsky, 2003)

2.3CGA Shape Grammar

The scripting language that is used for the generation of entities in CityEngine is a Computer
Generated Architecture (CGA) shape gram(Néiller etal., 2006) CGAis based on thie-system

data structurevhich usesshapesathersymbols

CGA shape grammar is characterized by:

1 a set of geometries or shapes,
1 aset of geometry/shape operations,
1 asetof rules,

1 the initial shape.



The following sectionsill provide a brief overview of each one of the CGA shape grammar

characteristics.

Shape

A shape ighe foremosimperativeconcept of CGA shape grammar.

The propertiesf a shape are:

1 the pivot,which is defined by a ro@nddirectionpoint,
1 thebounding box's scope, which is determined by translation, rotation, and size

1 the geometry

Figure 2.8:main attribute of a CGA shap€GA shape grammar shape definitidrom (Muller et al.,
2006).The pivot is P, the scope is S, and a sample shgpessnted within the scope

Rules

The alteation of shapes doneusinggeneric pinciples, similar to ksystemsAll CGA rules have

the format



Predecessor-> Successar
As can be seefinrom the figure aboviehe predecessor (left side of arrow) musteplaced by the
successor (right side of arrowf.set of shape operations are employed to define the model's new

shape after Successor.

The examination dfiow CityEngine divides a block into four storeys using a 2D polygérbe

explainedn the following exampldKlippel, n.d.)

Lot --> extrude 10) Envelope

Envelope--> split(y) {~2.5: Floor}*

The first rulemandateghat the 2D form "Lot" must be suiisted by a 3D shape "Enveldpe
which is created by extruding the 2D polygon by 10 unitse second rule states that each
Envelope created by the first rule shall be divi@edxis) into four 2.5height Floorforms, for a

total of fourfloors (Klippel, n.d.)

Operations

The projectemploys general operations to alter forms in the same way-agstems do. The

following are the key operations:

1 insertion addsgeometry and/or a texture to the scérteese are architectural components
of structures, such as a windows, doors, or beams.

1 basic graphics transforrtians: translate, scale, rotate.



1 subdivision split Splits the current form into numerous shapes. Splits are ubiquitous in
architecture. The repeat splits, following specific rules.

1 component splitbreaks a form into smaller components, such as faces, lines, or points.
This is helpful indesign to isolate a facade from the building mass model, for example. A
mass model is a simplified model that depicts the main structure of a structure while

omitting specifics.

CGA example

Figure 2.9displays a basic illustratioof a facade's breakdowA CGA Shape Gmmar may

readily capture this breakdown.

Floor Tile | Tile | Tile - i i
Floor Tile | Tile | Tile | eee ﬂ ,@ ﬂ

Floor Tile | Tile | Tile ’ ] ﬂ El

Figure 2.9:Deterioration of the facade explained in papédulier et al. 2007)

2.4 Building Aging

Gutierrez and Sheffentroducel a variety of tools and strategies for presenting building agyng



employing weathering processes and aging occurseinc@ variety of materials, including
mudbrick and rockéGutierrez and Sheffer, 2019)he models created and described in this paper

are based ortheir method, and thelyave been designed to include their ageing representation
This is achievel by modifying the FEA mesh for a specified time frame itouate aging
(Gutierrez and Sheffer, 2015 ssumingaging values for each grid poimdikeejng track of the
damages asme passesyhen the value is,(t implies it has been entirely destroyed, however
when the value is 1 it suggests it has not been completely dest€yielrez and Sheffer, 2015)
According to the aging values, thE& mesh is extruded and moldédhe purpose is to move the

aged data into the procedural pipeline so that the building may be completed. Each surface is
represented differently once the data has been transmitted. For example, the ceiling is being pushed
inwards as the walls are being peeled. Another thing to keep in mind is that each material has a
distinct stifness. Mudbrick, on the other hand, is more susceptible to erosion and slow weathering,

which results to incremental and nrany cases, smooth destruct{@utierrez and Sheffer, 2015)

After reviewing the main theories and research that has been conducted Procedural Modeling of
Buildings, CGA shape grammar-8ystems and Building aging, the theoretical framework behind
this poject is established. Following this, more information about how the theories were

implemented in the project will be provided.
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Realistic Aging Effects & Materials

Contents

3.1 How Different Materials age

3.2 Aging Effects

3.1 How Different Materials age

This section of the document wibdressthe aging of various construction materidlee goal is

to see how all of these materials evolve over time satitatis included in the solution.

Mudbrick

A mudbrick, also known as a miick is the oldest and most often used in construction material.

It's an airdried brick constructed of loam, mud, sand, and water, with a bindistpsige like rice

husks or strayThe Oxford @mpanion tAArchaeology, 1997Mudbricks have been around since
900 BCE, but bricks have been burned since 4000 BC to strengthen their strength and longevity
(The Oxford Companion to rehaeology, 1997)n figure 3.1can be seean example of how a

mudbrick ages.



Figure 3.1: Left image is example of mudbrickimuses and the right image is how it ages.

Wood

Wood is mostly employed in the floor construction, although it may also be found in the walls.
Wood has played a vital part the history otivilization. Humans have utilized it for a variety of
purposesincluding fuel, building materials, furnite, paper, tools, and weapoiib/Costa, 2015).

Figure 3.2 shows the effect of an aged wood.

Figure 3.2: Left image represent a healthy wood and the right side an aged wood



Concrete

Concrete is #ong-lasting and adaptable construction material they be found all over the world
(6 Popular Uses for ConcreteOzinga, 2013)lt's used on some of the most unusual concrete
structures in the world, antican be seen everywherenowadayg6 PopulatUses for Concrete

- Ozinga, 2013)Figure 3.3 shows the crack effect that is being created from an old concrete.

Figure 3.3: Stone aging representation

Stone

Stone is another significant construction elem&tones can be used for flooringyofing,
brickwork, paving roads, and as aggregates in concrete, depending on tfieypeslof Building
Stones and their uses, 2018)atural stones are used to construct the majority of prehistoric
structures because thexeanore solid throughout tim@ypes of Building Stones and their uses,

2019).An example of how a storagecan be seen in figure 3.4.



Figure 3.4: Stone aging effect

3.2 Aging Effects

Cracks

Cracks are usually visible in walls rather than roaspecially o mudbrick andconcrete
materialsIt's possible that it vilishow up on other materials, but it's not veoynmon especially

on stones that don't have a binding substance. Figure 3.5 depicts a few additional examples.



Figure 3.5: Crack effect on houses

Tiles Collapsing

When the tileabsorbsoo much watertten the outer layer isn't adequately protecting it. As a result,

if moisture is absorbed, the tile swells, expands, and creates pressure. As a conseqguence, the tile
stands out, and in many cirogtancessincetiles act as a support system for ottiks, theyall

follow suit Figure 3.6 further shows how the tile collapsing action frequently results in holes in

the structure.



Figure 3.6: Representation of tiles collapsing

Peeling

Many houses have amoutside layer that conceals the construction material (wood, concrete,
mudbrick, etc.). However, if proper care is not performed, that layer will peel away, revealing the

substance beneath.



Figure 3.7: Peeling effect on houses



Chapter 4

Data Acquisition and Tools

Contents

4.1 Houdini
4.2 CGA tools

4.2.1CGA Pipeline

4.1 Houdini

SideFX Houdini t 6s a 3D tool t hat ugethesoftwdra fordhe filmana | | o w
game industry. Houdini's procedural character comes froraltitiey to store nodes and transfer

the data quickly and effectilyeto other attributesallowing its users to use them in differémtms

without startingoverand t hat 6s what mak e sHoltlmiusdhli® famoue Xt r e m
for its Visual Effe¢s. Having a strong toolsetllowsits usergo explore as much as possible the

animation and procedural modeliffgX Features | SideFX, n.d.)

Bellow follows alist of the essential tools and features that Houdini will provide for this solution.



Geometry

Geometry in Houdini is builip of primitivesand the most frequent are the polygon faces. A vertex
is a point on a polygonal facéhe differerce between a vertex and a pasthat a point can be

shared by associated primitives however vesgtiare unique to each primitivéGeometry

functions, n.d.)

Attributes

Houdini uses attributes as values. Point attributes include things like color, location, UV
coordinates, weight and norméGeometry attributes, n.d.Attributes are being stored as

primitives, vertices, points, @s arentire geometry (referred to as the "detail" leyElgure 4.}

(Geometry attributes, n.d.)

All these attributes can be utilized for a number of thisgsh as changing the shape of the

geometry.

Detail
Point list

Primitive list Groups

Detail attributes

—

— Primitive
Prim. attributes

— Point
Point attributes

— Vertex
Vertex attributes

Figure 4.1 A deeper understanding of an attribute in Houdini



Operators

The procedural essence of Houdini can be found in its operdtoese are several operators in
Houdini but only the relevant ones for this application will be discustbd most importardre

the Surface OperatorSORs) which these arased to construct and modify geometsually for
procedural modelingHoudini (software)- Wikipedia, 2006) Dynamic Operators (DOPS) are
solvers that are used to construct simulations, Vector Operators are for altering geometry, Shading
Operatorgepresent a shader that will be used on geonaetdyfinally Composite Operatoese

utilizedto peform compositingon recordinggHoudini (software)} Wikipedia, 2006)

Script

For its scriptdHoudini uses Python or Hscript which does not manipulate geometry. The use of
the scripts is mainly for doingjfficult computations and it ialso some sort of wayp collaborag¢
with Houdini IDE(Python Script, n.d.-JFigure 4.2illustrates an examplehere python is used to

readsome filesand pass values to the primitives depends on the file content.



Figure 4.2 Python script

Groups

Groups refers to a grouping of points or faces. To cregteup,the user must give the nange,
type (primitives, points, edges, verticem)dfinally a function (replacing, union etdRigure 43).
Somethingfascinatingabout Houdini ighat whena pont is eliminated then Houdini removes it
from all the groups that was being usedh. There are two types of point groups: ordered and
unorderedOrdered groupstocktheir pointsin selection order andnerdered groupstocktheir

points in creation ordd/Groups, n.d.)

. Group Create groupl

Group Hame  groupl

Figure4.3 Creating a group

















































































