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ABSTRACT

Title of Thesis: Modeling and Rendering of Mold on Cut Wood
Aimee Joshua, Master of Science, 2005

Thesis directed by: Dr. Marc Olano

Often in the rendering of materials such as wood, we arefigatiwith an image that is
too pristine to exist in the real world. In the real world it&e to find a piece of wood that
is unblemished. Wood imperfections commonly include diracks, fungi, and mold. Of
these, mold is responsible for much of the appearance weiasswith weathered wood.
Wood that has been cut from a tree, treated, processed, apddis known as cut wood.
Cut wood varies in form from wood fences to wood guard posts. vidod that has been
exposed to weather, in particular moisture and warm tenyers, is more likely to have
mold form on the surface. We present a method for modelingandering weathered cut
wood by simulating the growth and presence of mold.

We model a piece of wood as a texture map that reflects the piegpef wood. A mold
growth sequence is applied to the texture map to create thedbmold on wood. The
technique for creating the mold growth is dependent on tintelauilds upon the surface
of the wood model. A generalized mold growth model is implated, reflecting the life
cycle of mold over time. A subsurface scattering model iiporated that is based on the
homogeneous nature of the wood model. The mold on cut woodhwdpplied to two

types of wood models, a plank of wood and a more complex wogetbb
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Chapter 1

Introduction

With the passing of time, most things, such as humans, asjniging organisms, and
materials, tend to change as they age. This change occumalhatand is affected by
external factors such as the properties of the surroundimgament. In the process of
graphically representing materials, itis common to nog¢tadtice of the blemishes or flaws
that may exist due to time and outside factors. One of the sigstficant of these factors

is weathering.

Weathering is the change that takes place because of thaagiemd/or physical condi-
tions of the environment. The environmental conditions mfasea has an effect on the
changes that these exposed materials undergo. A wood dabexample, will not have
the same look as when it was first built because it has beemorgdor years. Over time,
the cabin may begin to deteriorate because of wood-eatsegis, harsh weather, and other

microscopic organisms that thrive on wood.



Cut wood is one of the most familiar materials that changggeamnce over time. It is
commonly used in the construction of cabins, benches, ardgiables. Of the physi-
cal assailants on wood, fungus is the most prevalent. Thrdlg eventual emergence of
fungus, cut wood takes on a weathered look that differs fismatural appearance. Stain
fungi which alters the appearance of cut wood does not dijretdy a part in the degra-
dation of the material. Stain fungi creates an environmeritivcan lead to the onset of
fungi that can cause decay. Mold is a type of stain fungi comynfound on cut wood.
When rendering wood images, qualities such as mold shoutdided to create a sense of
realism. Current methods of mold creation are often meard fpecific model and are not
usually reproduced for a different model. The modeling amtering of mold presented

in this paper is not specific to one type of model.

In animated movies there are times when the movie will junopfipresent time to years
into the future. Itis unrealistic for a cut wood product siasha cabin to appear unchanged
over this period of time. The wood would experience a numlbehanges including the
presence of mold. A degree of mold growth would occur dependin the environment.
The modeling of mold can be applied to the cabin to provide gaddook that is more

realistic.

Architects and construction managers frequently makesa®st in their profession in re-
gards to materials. Depending on the environment, someriaigtare better than others to
use in their construction. The modeling of mold on cut woounl loa applied to help predict
the durability and integrity of wood over time. This predict capability can also benefit

lumber yards and construction suppliers that store thearddor long periods of time.
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The main contribution of this thesis is the development obaeting and rendering scheme
that allows the use of any existing wood shader as a startimy.prhe mold growth model

accounts for each stage of the mold life cycle as well as tlysipal environment over a

period of time.



Chapter 2

Related Work

2.1 Imperfections of Graphical Models of Wood

Often in the rendering of materials such as wood, we arefigatisiith an image that is
too pristine to exist in the real world. In the real world, striare to find objects that are
unblemished. Current research in graphics has attemptexttify this situation. Becket
and Badler [1] have created an imperfection model that agldsres such as dirt, corrosion,
and blemishes. This imperfection model is concerned witly arlow-level of detail and
uses a rule-based approach in creating and placing the dfiemi Over time even the
most pristine surface can become imperfect with the appearaf dust. Based on this
knowledge, Hsu and Wong [7] use the properties of a giverasartthe incline of a surface
and its stickiness to calculate how much dust should appethresurface; the amount of

dust will vary depending on external factors, such as wind.
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The imperfections of wood on trees are captured throughsbeftitextures. These textures
typically do not show the intricate details of a tree, suchha&scracks and growth marks
that exist. The works of Lefebvre and Neyret [9] reflect thésywshortcoming with their

bark generation model. The Lefebvre and Neyret model geateks and fractures, using
the properties of bark growth to form simulation rules. Thacks and fractures of the bark

that are produced add an element of time and aging to the trees

2.2 Simulation Modeling

Computer simulations of biological processes are chaiiaeteas models that are similar
to that of the biological process. A common mathematical@hticht is used to simulate the
growth and behavior of biological organisms is cellularoswiata. Cellular automata have
four features that describe the model: geometry, stateghiners, and rules of change. The
geometry of cellular automata is the grid of cells that aredpenodeled. Each cell of the
grid is identified by the state that is associated with théateh given time. A neighbor
of a cell is any cell that immediately surrounds it. Critehat define the behavior of each
cell are known as the rules of change. Whenever the rulesaigehare applied to the

geometry, a new generation of that biological organismaslpced [18].

The Game of Life is the leading example of Cellular Autom&aveloped by John Con-
way in 1970, the Game of Life explores the evolution patterha population given an
initial state and a set of rules. The game is based on thelid¢a tell exists in one of two

states, live or dead. If a live cell has two or three neighlioes it continues to live. Any-



thing less than two or more than three living neighbors vallige that live cell to change
states to dead. A dead cell can become live if it is surrourtgeekactly three live neigh-
bors. Each cell is dependent on the state of its surroundiligyat any given time. As time

passes, the life and death of a population is simulated [3].

The finite element method are a different type of simulatiat ises models that are ge-
ometrically similar to the object or system being modelekde §eometric model is subdi-
vided to create smaller elements or parts that can be cathexteproduce the geometric
model. This division process is known as discretizatiore pfoperties of the smaller parts
are combined together to determine the properties of theehasda whole. These proper-
ties can then be related to the system or object that it reptes Finite element methods
have been applied to various disciplines of engineerinlyding fluid flow. The use of fi-
nite element methods with fluid flow can be used to find the aiv 8wer an airplane wing.
Given properties of the wing, finite elements can discretigewing to calculate the force

and drag over the surface[13].

2.3 Weathering of Graphic Models

Time is a characteristic of models that is not normally acted for during rendering. Over
time, materials begin to change due to aging and enviroraheffects. We characterize
this as weathering. Figure 2.1 shows the effects of weathenn a guard rail (a), a wood
fence (b), and a picnic table (c) from Patapsco State ParkaltinBore, MD. These cut

wood products have been outdoors for an extended periodnet tUnfortunately, work



Figure 2.1: Weathering effects on wood

in the graphics literature regarding the effects of weatlyeon materials in the environ-
ment are sparse. Dorsey and Hanrahan began the foray intwaheof realistic material
rendering [5] by modeling the surface of metallic patinaatiri is a glaze or sheen on a
surface due to age and use. The patinas are representedri@s @EBomogeneous layers.
Operators are applied to these layers to produce the degeathering. Some of the op-
erators implemented include erosion, coating, and polgsbf the surface. For reflectance
and transmission of light they use the Kubelka-Munk moddie Rubelka-Munk model
calculates the diffuse colors of a surface as a result oflstdxse scattering. These patinas

can then be applied to more varied structures such as cofgpees and domes.

Dorsey continued her research in the area of weatheringhgitivork on weathered stone.
Dorsey et al. [4] build upon the research of metallic patibgsnoving from two dimen-
sional surfaces to three-dimensional volumes. InsteadpmEsenting the stone as a series
of layers, Dorsey et al. use slab data structures, whichagoiioth surface and volume
based object representations. Stone is non-homogenepasiire and is comprised of var-
ious minerals. This presents an additional challenge toewéathering attempts. The

weathering model used by Dorsey et al. simulates the flow témeand the effect weather-
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ing has on the minerals that make up the stone. These sameafaihave an influence on
both the appearance of the translucency and coloring ofttime surface. The results are

then rendered using a Monte Carlo based ray tracer.

The subsurface scattering of light that occurs within makethat are homogeneous in na-
ture play a part in rendering. Hanrahan and Krueger [6] prteaeeflectance model that
is made up of the standard surface reflectance and the sabsudflectance from back
scattering through layered surfaces. It is an appropriatéeinto use with homogeneous
layered materials. Jensen et al. [8] build upon this, pliogé& model that is meant for
homogeneous layered material but also models subsurfatgpwrt from one point to an-
other allowing for it to properly model translucent matériA direct implementation of

this model is available in the 3Delight renderer [20].

2.4 Wood Processing

Trees are comprised of wood and protected by an outer laybaidd Of the world’s

natural resources, wood is used often for a variety of puapol$ is used for lumber, paper,
fuel, and much more. The cellular structure of wood is madefugp variety of chemical

components: cellulose, lignin, hemicellulose, and exivas. Differences in the volumes
of these chemicals and the cellular structure confer diffequalities to the wood such as
strength and density. After a tree has been harvested oroeut,dt is processed. There
are a number of ways to process wood, however, the most corprocessing method is

treatment



If harvested wood is left untreated, it is more susceptiblbitlogical deterioration. The
chemical composition of wood contains sugars and starchéshvare natural sources of
food for insects, fungus, and other organisms. The presgfmganisms consuming these
sugars and starches can lead to wood damage. The treatm@nbdfdoes not entirely
eliminate the possibility of biological deterioration, viever, it does defer this type of

breakdown.

The process of treating wood involves adding preservatwveke wood, which increase
its ability to resist biological deterioration that can ac§l0]. Cut wood which has been
harvested and shaped is treated in this fashion. Next ts, tceéwood is the most common
visible form that wood can take. Cut wood is also found outd@s building material in

items such as picnic tables, benches, and cabins. Thesedpat wood have an increased

susceptibility to fungus because the environment providestant exposure to moisture.

2.5 Composition of Fungi

Fungi are categorized as a large group of plants that do mbaicochlorophyll. Fungi grow
from spores and have the ability to reproduce at an extremglyrate. Upon germination,
spores grow hyphae which are threadlike filaments that févenbiody of a fungus. As
hyphae continue to grow and spread, they are collectivdlgctaycelium[14]. A visual
representation of mold can be seen in Figure 2.2. There a@drceasic requirements that
all fungi need to sustain themselves as shown in Table 2.10R, Given these require-

ments, cut wood found outdoors is a natural habitat for fiogustain themselves. Fungi
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Figure 2.2: Similarities between a mold organism and a dawe Image courtesy of
Disaster Restorations[15]

can be classified into two types, decay fungi and stain fubDgicay fungi attack the nu-
trients and composition of wood resulting in the deteriorabf wood. Stain fungi do not
decay wood but have an effect on the appearance of wood [i@[dition, stain fungi do
not directly damage wood like decay fungi. They do, howesezate an environment that

is ideal for decay fungi to thrive [22].

Mold is a type of stain fungus and is more likely to be found ahwood than a living
tree. After a tree has been harvested, the ability of the wogutotect itself declines due
to the removal of the bark. The bark of a tree protects the vioyadenying fungi and mold
access to the nutrients they need to grow. Once the wood leascié and processed these
nutrients are readily accessible [16]. Mold may not be thetrdamaging factor in wood

decay, but its effects are significant in the longevity ofwobd.

Fungi go through three stages during their life: spore geation, mycelium growth, and
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sporulation. While reproduction occurs during the thirchgd of sporulation, fungi still
undergo growth during the first two stages. As time passeduargl grow, they also age
similar to other biological organisms. For this reason giuexperience a fourth stage in

their life cycle, moribund.

Fungi grow radially over time as the hyphae spread at a constte. As the hyphae grow
it will begin to branch. The branching has a monopodial qualinere there is one central
branch with offshoot branches possible [17]. The unprediet nature of fungi make it

difficult to apply a conventional growth model.

The Biohygrothermal model is a model for spore germinati@mppsed by Sedlbauer et al.
[19]. The basis of the Biohygrothermal model is that the ruwescontent within a spore is
dependent predominantly upon the environmental relativeitlity. As relative humidity
increases in an environment so does the probability of fugygavth. However, this model
does not provide an entirely accurate reflection of mold ¢gfnowlold is not reliant solely
upon relative humidity, but rather on a combination of allfof the requirements shown
in table 2.1. Because of the complexities of the growth ofdnthere is no one model
that is widely accepted in this area. We use an overall génedagrowth model for this

reason. The generalized growth model takes into accourgrilieonment and life cycle

| Requirement| Condition |
Temperature Between 50 and 90 F
Moisture 20% or more
Oxygen Adequate
Food source|| Cellulose, Hemicellulose, Lignin

Table 2.1: Conditions of Fungal Growth: The minimum necassequirements to allow
and sustain fungal growth
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of the mold. Additionally external forces which hinder thegth of mold such as wood

treatment and other biological organisms are taken intoadc



Chapter 3

Mold Creation Process

3.1 Mold Creation Scheme

Figure 3.1: Procedural Overview. The boxes represent gmefiiant steps of the rendering
scheme. The output of one step, written above the arrowg imput of the next step.

The key component to creating our mold shader is to use a Readenvood shader [21]
as the starting point. Figure 3.1 shows the process thaupesdthe mold shader that is

applied to a model. The wood shader is unwrapped to creatdladanap that is used by

13
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the growth models as input for step Il. Given moisture cotregion, mold growth rates,
and the wood texture map, the growth model is able to makegtieas as to where mold
will grow. The wood mold texture maps that are produced bygttesvth model in step |l
are combined together and processed to create a physioallyarable mold shader in step
lll. The mold shader is applied to the computer models to eemdwood textured model

with mold growth as shown in step IV.

3.2 Wood Shader

Using an existing wood shader, we parse the shader to extetghting parameters that
characterize the wood. The wood shader is applied to a geiemeddel, such as a cube or
sphere, that is similar in form to the final cut wood model u$éae final model cannot be
unwrapped. The model is unwrapped into texture space ttecagaxture map. The model
is unwrapped using a displacement shader which can be foudgpendix B.1. The
displacement shader translates the surface position twitidow location of the image

resolution. This location corresponds to the texture coaté we have computed for the

Figure 3.2: Transformation of a unit sphere with a wood shade a wood texture map.
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given resolution. Figure 3.2 shows the unwrapping of a yplitese into a wood texture

map. The texture map is used as input for the growth modelitd bpon.

The basis of our model unwrapping comes from the workpehing by Piponi and Bor-

shukov [12]. Pelting refers to the cutting and stretching ofiodel to assign texture coor-
dinates to vertices. Once a model has been pelted, textordinates are assigned using
planar projection. The vertices that were involved in thiticg process are assigned arbi-
trary texture coordinates. These texture coordinatesdjusted by blending overlapping
pieces of the model surrounding the cut area. Piponoi andHBé&ov are able to success-

fully create a texture map from a model without permanenibgifying the model itself.

3.3 Modeling of Mold Growth

As mentioned previously in Section 2.5, there is no growtldet@f mold that has been
widely accepted. For that reason, we use a generalized mioldtly model that takes
into account the life cycle of mold as shown in Figure 3.5 iditidn to external forces.
External forces play a part in the growth of mold by causingjstance and attempting
to prevent the growth from occuring. An example of an extefmize is the treatment of
wood causing a resistance in mold growth. The presence loigigal organisms other than
mold is an external force that may hamper or prevent growthadéount for the existence
of these external forces within our generalized model. @atsf these forces, we assume
the minimum conditions of mold growth are maintained desghie natural tendency for

weather to fluctuate. The wood texture map is analyzed att@aetstep to see what stage
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(a) (V] (]

Figure 3.3: Mold growth in 3 areas with different moisturedks after 8 years as shown on
a wooden post. (a) lllinois - Low Level Moisture. (b) MarythhMedium Level Moisture.
(c) Louisiana - High Level Moisture

of the life cycle a cell is experiencing. Since the growthiad mold takes place in texture
space we account for the texel spacing in our model. We raberdhanges in age, growth
height and growth spread in their own texture maps so that ase use them to produce

the final image of the mold growth.

3.3.1 Environment

Oxygen and the presence of a food source are assumed to béuplerthe areas where
we model mold growth. The conditions of temperature and tamscannot be as eas-
ily assumed. In the physical environment, the weather d¢mmdi in a given area are not
necessarily the same as another. Table 3.1 shows the difteraperatures and levels of
rainfall that exist in different parts of the United Stat&¥e use rainfall data to determine
the moisture content of a given area. It is necessary thatteotperature and the degree
of moisture of an area meet the conditions that were listethbile 2.1. All of the states
in Table 3.1 meet both of these conditions with the exceptiolrizona which falls below

the necessary 20% moisture concentration. The moistureeed an area falls within a
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Average Average Average
Temperatures for 2004 Rainfall for 2004 || Rainfall Percentage

Arizona 84.33 0.69 9.85%
California 70.75 2.12 30.28%
lllinois 59.92 3.17 45.28%
Kansas 65.83 3.60 51.43%
Maryland 68.08 3.63 51.86%
Louisiana 78.83 5.35 76.43%

Table 3.1: Temperaturé) and Rainfall (inches) Data for States in the U.S. Rainfall
calculations are used to determine the moisture contemfdlgercentage is based upon
an average of 7.00 inches. [23]

range which is used to describe the level of moisture thatse@ated with that area. A low
level of moisture has a moisture range of 20% to 45%. Betwééhdnd 69% is a medium
level moisture and an area with a moisture degree betweenan@?400% is said to have
a high level of moisture. Figure 3.3 displays the differeimcenold growth for areas with
different environmental conditions after a period of fivegge From the figure an increase
in the presence of mold is shown as the moisture level ineseaSince there are many
rates of growth for different species of mold, we use a gdiec surface growth rate of

0.1 inches/day (data provided by Dr. Jeffrey Morrell of Gredstate University [11]).

3.3.2 Texture Maps

The wood texture map that is used by the growth model is bpibinufor each time step.
After the growth model has completed processing the wodtitexnap, it outputs enold
texture map The mold texture map tells us the location of spore and hggiawth that

occurred during the allotted time.

Capturing the spread of the mold growth does not provide gimanformation to create a
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genuine appearance. With the passing of time, mold chamgeabpearance and age. As
spores and hyphae are created, their time of birth is redardelife texture mapThe life
texture map is used during the rendering process to deterarirapproximate age of the

mold and develop it accordingly.

Mold is not restricted to growing solely along the surfaceolé¥ican grow on top of itself
increasing in height. We implementaight field texture mathat tracks the growth of the
mold above the surface which initially has a height of zerbe Tieight of the mold grows
with each passing day by the growth rate. Figure 3.4 showsetttare maps that were
created by the growth model for a medium moisture area ajtenfears. Given a location
of mold in the mold texture map, the height and age of the mafdhe found in the height
field and life maps respectively. If no mold has been growm ttmat absence of growth

will be shown in the height field and life maps by the color kladgth a value of zero.

(a) - A S % (b) & % : (C)

Figure 3.4: Texture Maps after 4 years in Medium Moisturear@) Mold Growth. (b)
Mold Height Field. (c) Mold Life
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Figure 3.5: Life cycle of a spore. The status of moribund isithastrated.

3.3.3 Growth of Spores and Hyphae

Our generalized method for modeling mold growth providesdmath the opportunity to

undergo the stages of spore germination, mycelium growtt,sporulation. Figure 3.5
shows the process that the wood map undergoes. As time passbéscell of the wood
map has the opportunity to grow and age. The light green telisate spores, while the
dark green cells show mycelium growth. Depending on the dfproisture environment,
the frequency of sporulation varies. Areas with lower moistlevels take a longer time
to sporulate and to produce hyphae in comparison to aredsmédium or high level

moisture. During the time of sporulation and hyphae praduactnot every wood cell
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will produce mold. We utilize a random number generator arabability to determine
if a wood cell would become a spore or hyphae. These freqaesrasid probabilities are
adjustable and are listed in Appendix A.1. To account fortéxel spacing that occurs the
probabilities are scaled by the distance of the positiorhemtodel and the position in the
texture map. This calculated Euclidean distance is thetiptied by the listed probabilities

to provide a more reflective probability in texture space

Each cell on the wood texture map has the potential for madd/tir. We identify the cells
by their stage identifier which can be wood, spore, hyphaethar. If the stage of a cell is
wood, then we know that no mold growth has occured. A sporgpin&e stage tells us that
mold growth has begun. The other stage identifier inform$iasdn external factor such
as another organism or the death of mold prevents mold grivastin occuring in that cell.
Figure 3.6 show the state diagram of a wood cell. Initiallycalls will begin in a wood
state and will move to its next state after being procesdedcdll is found to be affected by
external factors then despite its current state it will mimvan Other state. The transition of
a Wood state to a Hyphae state is dependent upon its neigighosils. A cell that becomes
a Spore or Hyphae will remain in that state unless acted upexternal factors. When we
mark or identify a cell as a spore or hyphae we mark the textae with an initial mold
growth color. Cells that are identified as either a spore @hlag begin to grow outwards
radially. The immediate neighbors of the cell are checkeg&ential growth and marked
accordingly. Throughout the growth of the spore and hyphaeheight of the cells are
incremented. The growth model algorithm shown in Figured&3cribes how the texture

map is processed. After we have created the mold, height &aldilife texture maps, they
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are passed to the mold shader for processing.

3.4 Rendering of the Mold

To use the information stored in each of the texture maps,sgeaone-to-one mapping to
align the points on the model with their respective textuwerdinates for our simple cube
model. We use a cube mapping to provide our uniform mappihg.cbmplex head model
consists of a one-to-one mapping and does not need an awditi@pping. A sample of our
cube mapping used for the height field texture map can be fouAgpendix C.1. Using
the mold texture map as the sole input for the mold shaderdwoad truly reflect the mold
appearance. The mold texture map alone would provide a aonerdiional appearance
that gives an artificial look. Physical mold has a surfacemststency that needs to be

accounted for in order to view the mold on wood properly.

The height field texture map is used in conjunction with aldispment shader to adapt the
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Figure 3.6: State Transition Diagram for Wood Cells




22

1. For eachtime step

2 For each wood cell inthe texture rrap

3 Isthis cell Wood?

4 If yes

5. Do Extemal Factors claimthe cell?

6 If yes

) Ivark exterral

8. [sit time to Sporulate?

9. If yes

10. Isthis cell a potential spore?

11 If yes & No Extemal Factors

12, Ivlatic asa spore

13. Update height and age aps
14. If Exterral Factors

15 Ivark extemal

16. Isthis cel a Spore or Hyphae?

17. If yes

18. [sit time to Produce Hyphae?

19. If yes

20. Chedk irnmesdiate neighboring cells

21. Check Extemal Factors for each cell
22. Is the neighboring cell a potential Hyphae?
23. If ves & No Extetral Factors
4. Ivirkas hyphae

25. Update height and age maps
26. If Extemal Fadors

27 IVlark external

28. Do Estemal Fadors daimthe cell?

29, If yes

30 Iark extemal

31: Print texxture taps

Figure 3.7: Pseudocode for the Growth Model

mold texture map. The height of each cell is added to the poirhe surface of the model,
thereby displacing the mold to its grown height. The disphlaent shader will visually
represent the growth of the mold above the surface over ti@d does not maintain a
constant shade of a single color. As mold ages, the effe¢isiefon the mold are reflected
through the change in mold color. The ages contained in taedxture map have all
been normalized and are checked against the age rangeseofyelars, middle age, and
younger years. A mold color is associated with each age randea spline is used to

provide a continuous progression. Older years have a dgrken mold color, middle age
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has a green mold color, and the younger years have a light gneéd color. The color
associated with each age cell is mixed with the initial madbc that was used to create
the mold texture map. These age ranges and their respeotoss are adjustable and can

be found in Appendix A.1.

Most non-metallic materials have some degree of transtyceancluding wood. Light
is both reflected and refracted by the wood surface. Someedfght that passes into the
wood will scatter around inside before it is refracted. Thlks us that subsurface scattering
is occuring to some extent. For this reason we use 3Deligihtest implementation of the
Jensen et al. subsurface scattering model [20]. We useghtinlg parameters that were
extracted during the unwrapping process of the wood shadwes.lighting of the mold is

adjusted according to the age of the mold to create an ag&d loo

(a) ) (c)

Figure 3.8: Mold growth on a wood head after 7 years in a lowstuoe environment. (a)
Mold growth on wood head. (b) Close look at mold growth on wbedd without height
field applied. (b) Close look at mold growth on wood head wigight field applied

The impact of the height field map is not seen from afar in Feg@uBa. In Figures 3.8b

and c we can see a distinct difference in the use of the heggttrfiap. Without the use of

the height map in Figure 3.8b the mold growth has a flat oneedsional appearance. In
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Figure 3.8c we see the mold grow off of the surface.

Figure 3.9 shows the effect lighting and the life texture rhape on the appearance of the
mold. The lighting model highlights a key difference betwa#od and mold. Wood has
more of a lustrous property in comparison to the mold. Molslaabslight more than wood

thus giving it a diffuse appearance.

Figure 3.9: Mold growth on a wood table after 10 years in a mgiisture environment.
The lighting model takes part in showing the materialisiftedence between mold and
wood.

The progression of the growth of mold over a period of timehigven in Figure 3.10. The
growth of the mold is captured during a nine year period in aioma moisture environ-

ment. Over this time we see the aging of the older mold and tbeity of new mold.
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(@)

)

()

Figure 3.10: Mold growth on a wood head over a period of 9 yea imedium moisture
environment. (a) Mold growth initially. (b) Mold growth aty&ars. (c) Mold growth at 6
years. (d) Mold growth at 9 years.



Chapter 4

Conclusion and Future Work

We have presented a system for modeling and rendering motadibwood. The main
idea has been to build upon any arbitrary existing wood shadeld growth is simulated
using the wood texture map created by the wood shader andgp#a®ugh the growth
model. Displacement mapping and subsurface scatteringapaged to the mold growth
to provide a sense of realism. The system can be applied wwand that is found in any

area that meets the minimum requirements of temperaturenaigiure concentration.

The system of modeling and rendering allows for a graphitistdo have more control
over factors that will affect the creation of the mold. Thetteiques used for creating the
mold on wood can be applied to other materials that are knawvattracting mold such
as bread and other food. The growth model is a generalizesiovethat can be applied to
mold of different varieties. Specific growth rates can begifor particular type of fungus.

The mold creation scheme can be further modified to accomtadta growth of other

26



biological organisms such as moss.
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Appendix A

Modifiable Variables

| Variable Type | Dimension
Frequency of Spore Sporulation - Low Moisture || 270 days
Frequency of Spore Sporulation - Medium Moisture220 days
Frequency of Spore Sporulation - High Moisture || 110 days
Frequency of Hyphae Production - Low Moisture | 90 days
Frequency of Hyphae Production - Medium Moistyr&85 days
Frequency of Hyphae Production - High Moisture || 75 days
Probability of Spore Development 1in 20
Probability of Hyphae Formation 1in 10
Probability of External Factors 1in 20
Probability of Wood Treatment 1in 10
Probability of Death 1lin5
Older Years Range 100-51%
Middle Age Range 50-26 %
Younger Years Range 25-0%
Initial Mold Color {.656,.781,.445
Older Years Color {.085,.113,.04b
Middle Age Color {.292,.464,.125
Younger Years Color {.414,.535,.211

Table A.1: Some Modifiable Variables Used in the Growth of ol
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Appendix B

Unwrapping Displacement Shader

Source Code
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#include "rmannotes.sl"

displacement unwrap |
output wvarying point nyP = 0;){

nyP = P;
P = transform("camera”, "current”,pointi{u*2.1 - 1.1, v*2 - 1, 1))

Figure B.1: Shader code for unwrapping the unit sphere inéxtare map
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Appendix C

Height Field Cube Mapping Source

Code

31



displacement displaceP(float cubeS=1;
string hrrap="heightfi eld tex" ){
float x=10;
float y=10;
float z=0;
float xP =0,
float yP =10,
float zP =10;
float trpX =10,
float trap ¥ =0,
float trapZ =0,
floati=0;
float j =0,
float mgn=0;
float decube =2 * cubeS;
vector ref,
point FP;

PP = transform(" object", P);
norrral Nf = faceforward( N, I);,
vector V = norrralize(-I);

ref=N,

x = xcomp(ref);
y = ycomp(ref);
z =zcotnp(ref),
%P = xcormp(PF);
yP = ycomp(PF);
zP = zcorp(PP);

iff2P > yP && =P > 7F)
{

tmp¥ =yP + cubeS,
tmpZ = zP + cubef;
i=tmp¥ /(2 * cubeB);
j =tmpZ /(2 * cubel),

}

ifiyP > xP && yP > zF)

{
tnpX =xP + cubes;
tpZ = zP + cubeS,
1=tmpX /(2 * cubel),
j=tpZ /(2 * cubel);

}

if{zP > xP && zP > yP)

{
mgn=abs (z);
tmpX =xP + cubes,;
tmp¥ =yP + cubes;
1 =tmpX A2 * cubed);
j=tmp¥ A2 * cubel);

}

iff float texture(hrmap, i, i) = 0){
P =P + (float teturethmap, i, ) * .010);  #height field

}
else{
P=P,

}
N = calculatenormmal(P);

Figure C.1: Shader code for uniform mapping of height fielghma
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