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Figure 1: A weathering sequence generated by our system. From hihtothe hydrant becomes increasingly rusty and dusty. The gap
between the tiles becomes colonized by moss.

Abstract simulate a number of aging effects. A drawback of this approach,

Weathering modeling introduces blemishes such as dirt, rust, cracksh.o.wever’ 1S Fhat a new model has to be developed for each.spe-
and scratches to virtual scenery. In this paper we present a Visualcmc effect with detailed understanding of the underlying physical

simulation technique that works well for a wide variety of weath- process. In addition, sometimes a physically-b.ased simullation _is
ering phenomena. Our technique, calledon tracing, is based not possible beca_use_ the aging process (physical, chemical, bio-
on a type of aging-inducing particl’es callectons Mbdeling a logical, and combinations thereof) is not fully understood or too

weathering effect withy-ton tracing involves tracing a large num- complgx to simulate. . . . .

ber of-tons through the scene in a way similar to photon tracing ' this paper we present a visual simulation technique that works
and then generating the weathering effect using the recerded well for a wide variety of weathering phenomena. Our technique,
transport information. With this technique, we can produce weath- Calléd~-ton tracing is based on a type of aging-inducing particles
ering effects that are customized to the scene geometry and tailorec@/l€d-y-tons (pronounced as “gamma-ton”):ton is named after

to the weathering sources. Several effects that are challenging fortn® Greek word §epos” or “~yrnpacos”, which means “old”. Gen-
existing techniques can be readily captured/bpn tracing. These  €rating aweathering effect withton tracing is an iterative process.
include global transport effects, or “stain-bleeding’“ton tracing Each iteration generates a frame of a wejatherlng sequence through
also enables visual simulations of complex multi-weathering ef- WO passes. In the first passfons are emitted from-ton sources
fects. Lastlyy-ton tracing can generate weathering effects that not @Nd are traced through the scene in a way similar to photon tracing
only involve texture changes but also large-scale geometry changes[J€nSen 1996]. The result of the first pass ig-@wn mapdescrib-

We demonstrate our technique with a variety of examples. ing the~-ton transport information within the scene. From the
ton map, the second pass generates the actual weathering effect by

Keywords: Rendering, appearance modeling, texturing, material modifying surface material properties and geometry through multi-

models texturing, texture synthesis, or displacement mapping. Thraugh
ton tracing iterations, the cumulative weathering effect over time
1 Introduction can be modeled. Fig. 1 shows a weathering sequence generated by

. o . i our system. Note that the hollow gaps between tiles tend to collect
Weathering modeling introduces blemishes such as dirt, rust, cracksygre “humidity” brought byy-tons from the protrusive tile surface
and scratches to virtual scenery. It is an important cue in photo- 4nq thys are easily colonized by the moss. Once the areas being col-
realism as weathering effects appear everywhere in our daily life. gnized, they tend to trap more humidity and hence result in spotty
Traditionally, blemishes are generated by combining many hand- growth of moss.
painted textures. This process is labor intensive, especially if a = o ~-ton sourcesmodel the sources of aging, which come in
weathering sequence has to be painted by hand and the consistency,q orms of point, area, or environment sources. A point source
between consecutive frames is maintained manually. Physically- s annropriate for effects such as a dribble of rust down a wall
based techniques [Dorsey and Hanrahan 2000] can automaticallyfom 5 eaky pipe, whereas an environment source is suitable for

aging effects caused by ambient factors such as air pollutien.
tons emitted fronty-ton sources propagate through the scene, in-
teracting with surfaces. At each surface point, a surface property
called~-reflectancds defined that affects the paths through which
incidenty-tons are deflected. For efficiency, the actual paths of
~-tons are determined probabilistically by thereflectance of in-
teracting surfaces using Russian roulette. The interactiontofs

with surfaces not only affects thgton paths, but also enables
transport Specifically, ay-ton impinging at a surface point can
pick up blemishes from that point and deposit them in subsequent

*This work was done while Lin Xia was a visiting student at Misoft
Research Asia.



surface interactions. Hanrahan 1996] as well as stone weathering [Dorsey et al. 1999].
With ~-ton tracing, we can generate aging effects that are cus- In contrast to the physically-based approach, the visual simulation
tomized to scene geometry and tailored to aging sources [Miller approach which we follow aims to achieve desirable visual effects
1994; Wong et al. 1997]. Through iteratiyeton tracing, an aging rather than physically accurate simulation processes.
sequence can be easily produced with consistency between consec- Many weathering effects involve both texture and geometry
utive frames. The iterative nature gfton tracing also allows usto ~ changes. For terrains (height fields), geometry changes as aokesult
modify the~-reflectance of surfaces using theon map from the erosion are examined in [Kelley et al. 1988; Musgrave et al. 1989].
previous iteration and thus affect theton tracing in subsequentit-  For (non-height-field) objects, small-scale geometry changes are
erations. This is useful for modeling a variety of aging effects, e.g., demonstrated in [Dorsey et al. 1999], [Gobron and Chiba 2001] and
the real-world phenomenon of already rusty areas rusting faster can[Paquette et al. 2001]. Cutler et al. [2002] employed physically-
be modeled via iterative updating thereflectance of the rusty area  based weathering simulations as geometric authoring tools to con-

S0 as to trap more rust-inducingtons. struct layer-based representation of solid objects. In their systems,
~-transport is an important feature ¢fton tracing. With this effects of different weathering simulations are applied separately
feature we can readily captugdobal transporteffects, or “stain- to different layers. Complex interactions between these effects are

bleeding.” Furthermore, because blemishes of one area can bedgnored.

transported to another area undergoing a different type of aging

process;y-transport enables visual simulations of comptelti- 3 The ~-ton Tracing
weatheringeffects that result from multiple co-existing and inter-
acting weathering processes. Simulation of the global transport ef-
fects is difficult with existing techniques. Multi-weathering effects
are possible with physically-based simulations in principle. How-
ever, simultaneously running multiple physically-based simulations

y-ton Propagation
v 1
v-tons Shooting —# Propagaton —> Settlement

and managing their interactions is a daunting task, and we are not : -

aware of any such attempts in weathering simulation. R ysiioky Rendoring
Another important feature of-ton tracing is that it can generate

weathering effects that not only involve texture changes but also Figure 2: The overview of-ton tracing.

geometry changes. Large-scale geometry changes are achieved by
working through iterations. The geometry change in each iteration
is implemented as a displacement map defined according tp-the

ton map. In the next iteration, thegton tracing and displacement
mapping are performed on top of the displaced geometry from the o
previous iteration. For this reason, large-scale geometry changes

such as those in corrosive and erosive weathering can be achieved o \

with our technique. Large-scale geometry changes are challenging

for existing techniques. For example, in [Dorsey et al. 1999; Cutler Figure 3: v-tons shot from the hemispherical environmemnton
et al. 2002] geometry changes are constrained to take place withinsource bounce in the scene and induce weathering.

a set of slabs or layers aligned with the aging surfaces. ) ) o ]
The proposed framework is summarized in Fig. 2. The core is

the iterativey-ton propagation. It resembles classical photon trac-
2 Related Work ing [Jensen 1996]. Within each iteration, thousands-¢éns are
Procedural texturing [Cook 1984; Ebert et al. 1998] is a tradi- created and shot from thgton source As v-tons propagate in
tional approach for creating irregular patterns and shapes. Perlinthe scene, they catalyse weathering on any encountered surfaces
noise [Perlin 1985] is a widely-used for modeling stochastic tex- (Fig. 3). Their propagation istochasticallydetermined by their
tures. Turk [1991] and Witkin and Kass [1991] introduced reaction- motion probabilitiesand they-reflectanceof the encountered sur-
diffusion textures inspired by biochemical processes. Gobron andfaces. At each encounter, they may pick up or deposit substances
Chiba [2001] simulated the crack patterns using 3D surface cellular on the surface. Such transport of substances determines the distrib-
automata. ution of blemishes.

Badler and Becket [1990] modeled blemishes based on fractal To precisely record the stochastic weathering contribution-by
subdivision techniques and relatively simple distribution models. tons and to represent the local surface attributes, we generate a
Miller [1994] and Hsu and Wong [1995] found out that the dis- point-based model [Pfister et al. 2000; Rusinkiewicz and Levoy
tribution of blemishes is strongly geometry-dependent and related 2000] from the input scene by resampling (Fig. 4). Each gener-
it to the accessibility and exposure maps respectively. Early ap- ated surfel maintains its owprreflectance and material properties.
proaches, including accessibility and exposure maps, do not actu-While y-reflectance affects how the incideptons deflect, mater-
ally go through a weathering simulation process over time. In fact, ial properties keep track of the essential substances for weathering.
they directly model the final appearance and use the strength of theThe blemish being modeled is one of these material properties. The
weathering effect (accessibility or exposure) to mimic the growth accumulation of blemish over all surfels forms the distribution of
of weathering. Therefore, significant manual intervention is needed blemishes, the-ton map This point-based-ton map allows us to
in order to convincingly match natural phenomena. handle a wide range of geometric representations of input scenery.

Physically-based simulation fully automates the simulation of =~ The weathering induced by-tons changes the surface proper-
weathering and obtains realistic results. Dorsey et al. [1996] simu- ties which in turn affects the subsequent iterationg-pfopagation.
lated surface appearance changes as the result of rainwater flowing-or example, once the surface is rusty, its roughness increases and
over surfaces over a long period of time. Paquette et al. [2002] cap- helps to trap more-tons. The result is an increase in rusting rate.
tured paint cracks and peelings. Merillou et al. [2001] examined We update the surface properties based onythen map obtained
metal corrosion. Bosch et al. [2004] studied scratches. Desbenoitfrom the last iteration. In cases such as corrosion and erosion, we
et al. [2004] modeled lichen growth. Sometimes the simulations also displace the geometry according to thon map. Large-
need to reach subsurface level to faithfully portray certain weath- scale and cumulative erosive weathering is achieved through iter-
ering effects. This is the case with metallic patina [Dorsey and ative tracing ofy-tons on deformed geometry. With theton map,



weathering-resisting-tons which carry weathering-resistant sub-
stances. For example;tons can carry “heat” substance to mimic
the sunshine which reduces corrosive substances such as “humid-
ity” on a metallic surface.

To mimic the wide variety of natural aging sources, thon
sources can be in the form of point, area, and environment sources.
A point source, for example, can be used to model the dribble of rust
from a leaky pipe. Fig. 10 shows the weathering effect modeled
by a “spotlight” y-ton source (a special case of point source). It
shootsy-tons within a restricted range of directions. Atmospheric
Figure 4: The original model (left) is resampled into a point-based weathering exhibits “ambient’-like effects that can be accounted
representation (middle). Aftey-ton tracing, we obtain the-ton for by environment sources. For most examples in this paper, we
map over surfels (right) indicating the value distribution of blem- employed twoy-ton sources: an enclosing environment source (see
ishes. Here the-ton map (shown in red) indicates the presence of Fig. 3) and an overhead area source which emitsns vertically
metallic patina. downward.

the stochastic visual appearance of weathering can be rendered witt3.2  ~y-reflectance and Material Property

different levels of texturing and procedural techniques, including Corresponding to the motion and carrier attributes-abns, there

multi-texturing, displacement mapping, and texture synthesis. The are two kinds of surface properties;reflectanceand material

choice depends on the nature of weathering. The growth of weath-property ~-reflectance s, A,, Ay) determines how incident-

ering can be rendered with frame consistency according to the time-tons deflect. Material properties record the amount of blemish or

ordered sequence gfton maps. other substances on a surface. The following shows an example
property list of a surfel.

3.1 The ~-ton and ~-ton Sources surf {

Each~-ton bears two main kinds of attributes, motion and carrier. ~-refl ect ance:
Motion probabilities account for its motion behavior while the car- A., A, Ay |1 Deterioration rate foks, kp, & kf
rier attributes account for the substances being carried. These mo- Material properties:
tion probabilities are compulsory attributes for altons, but the Sh; /1 Humidity
carrier attributes are extensible depending on the weathering effect sd; /1 Amount of dirt
being modeled. The following shows the attributes of an example 8fi /1" Amount of fungus
~-ton: e
Ton { }
Motion probabilities: While ~-reflectance is compulsory, material properties are ex-
ks, kp, ky; /1 Probability of propagating along a straight line, tensible depending on the weathering being modeled. For instance,
_ /1 parabolic curve, or flowing if the growth of moss is being modeled, the amount of moss seed
Carrier attributes: can be introduced both as a carrier attributeabn and a material
S [ Humidiy property of surfaces.
Sd; /1 Amount of dirt I . . . .
sfi /1 Amount of fungus When a~-ton impinges on a SL_Jrface, its motion probabl_lltles
o (K, ky, k';) are deteriorated according to the following set of simple
1 equations.
The path of ay-ton is stochastically determined by its motion k. = max(ks — As,0) (@)
probabilities s, kp, k). At any time, ay-ton can only be in one K, = max(k, — Ap,0) (2)

of the four basic motion states (Fig. 5): propagating in space along

a straight line, propagating in space along a parabolic trajectory,

adhering and flowing on a surface, or settling on a surface. Motion i i L . .

probabilities represent the motion energy of-gon. A~-ton prop- Our rationale to fix the deterioration equations is to free the user

agates in the first three ways as long as it retains sufficient energy.fror_n tuning an excessive humber of parameters. The initial surface

Once it runs out of energy, it settles down. The path of-ton attribute values can be set by the user.

is parabolic if it propagates in space and carries weight. The sum .

of all motion probabilities must be less than or equals to one, i.e., 3.3 ~-ton Propagation and ~v-transport

ks 4+ kp + k; < 1. Hence, the probability of settling is implicity A ~-ton is emitted from a source along a straight line. The direction

represented ad — k., — k, — k). These motion probabilities do  of travel is stochastically determined by the property of {hn

not change until the-ton impinges upon a surface, where these Source as in photon tracing [Jensen 1996]. Fken bounces in

probabilities change according to thereflectance of the surface the scene until it settles down on a surface or flies out of the scene.

(explained shortly). Whenever ay-ton impinges on a surface, Russian roulette [Spanier
The carrier attributes account for any possible substance be-and Gelbard 1969; Arvo and Kirk 1990] is employed to determine

ing carried by~-ton during transport. The number of attributes its new motion probabilities. As in photon tracing, we use a uni-

is scalable and depends on the weathering effect being modeledformly distributed random variablg € [0, 1] and make the follow-

In addition to weathering-catalysing-tons, one can also design ing decision: reflectif € [0, k], bounce if§ € (ks, ks + k3], flow
if £ € (ks+kp, ks +kp +ky], and settle otherwise. For reflected or

bouncedy-tons, we regard the surface as “diffuse” and evenly dis-
\/-\ tribute the outgoing directions over the upper hemisphere centered
at the surface point. Unless theton settles on the surface, its mo-

(a) reflect (b) bounce (c) flow (d) settled tion probabilities are modified according to the logateflectance

Figure 5: Four possible motions ohaton after impinging upon a  ©f the surface and the-ton continues to travel with the new mo-
surface. tion probabilities. For a bouncegton, the distance of a bounce is

K

max (ks + max(kp — Ap,0) — Ay, 0) 3)



a parameter the user supplies for each type-tdn in our current
system.

As a~-ton propagates, it picks up and deposits substances on the
interacting surfels. We call this behavigstransport (Fig. 6). Itis
this removal and introduction of substances that causes weathering.

Figure 6:v-transport by ay-ton. Figure 7: Patina on a bronze sculpture. The two textures used for
appearance rendering are labeled as “A’ and “B”.

For simplicity, ally-transports are defined in the following sim-
ple form:a < a + b - k, wherea andb are either carrier attributes
of the y-ton or material properties of the interacting surfageis
a scalar weight. For instance, we can describe the dust contribu-
tion s4 of a dust-carryingy-ton Ton to a surfacesurf as follows:
Surf.sq < Surf.sq + Ton.sq - k. With a series of such simpte-
transports, complex weathering effects can be modeled as we shal
see in Section 4. In this regard, a seriegdfansports resembles a
surface shader [Cook 1984].

Duringy-ton propagation, we trace the path of ton and find
the surface being intersected. Foy-#on traveling in a straight line,
the intersection test is the same as that of ray tracing. Fetom

traveling along a parabolic curve, its trajectory is piecewise linearl . . .
9 gap ! yisp y Through this example, we wish to demonstrate thédn tracing

approximated. For g-ton flowing on a surface, thg-ton moves foctivel > heri p ith littl

a small step along the tangent direction of the surface and interactst@" €ffectively generate convincing weathering effects with little

with the surface at the new position. The step size is a constant for USer gffort. We reiterate that our technique is intended fc_)r capturing
the visual effects of weathering phenomena. For physically-based

a given type ofy-ton and is specified by the user. ; X ) -
We perform the intersection test on the original surface model Simulation of metallic patina, see [Dorsey and Hanrahan 1996].

and utilize a spatial partitioning scheme designed for ray-tracing to . )
accelerate the test. Once the point of intersection is computed, we4 Appllcatlon Examples
look up the nearby surfels. The look-up is accelerated by organizing
all surfels in akd-tree.

Since the motion probabilitys of a v-ton Ton drops signifi-
cantly with each bounce, about half numberefons will settle
down after first bounce and the remains bounce twice. As a result,
a region with low accessibility can easily trap motion-deteriorated
y-tons and accumulate patina. Fig. 7 shows the result (middle) and
%he underlyingy-ton map (right).

The weathering appearance is rendered by multi-texturing with
two textures, one with patina and one without (shown in Fig. 7).
The ~-ton map values are used to blend these two textures by a
simple alpha-blending. Most images in this paper are rendered us-
ing this method.

In this section we demonstrateton tracing with more complex ex-
amples. The companion video provides demonstrations of frame-

3.4 Surface Properties and Geometry Update consistent weathering sequences and complex interactions of mul-
) tiple weathering.

~-ton propagation ang-transport change the original surface prop- ; S . .
erties. For instance, the introduction of rust particles increases the_Stam-BIeedlng. A surface near stained surfaces tends to get stained

surface roughness, which in turn affects theeflectance. We up- indirectly by dirty water splattered or flown from the nearby stained

date these surface properties based onytten map obtained from surfaces. _For example, the rusty chalns in Fig. 8 C:’f‘“s‘? rust St?'nf
the previous iteration. The user can define a simple function for O" the staircase beneath. We call this phenomenon *stain-bleeding
this update. In cases such as corrosion and erosion, the geometr Ince It |s_analo_gous to the col_or-bleedulng. effect In gl,f)b‘."‘l illumi-

is also deformed according to theton map; we shall describe the ~ naton. Itis straightforward to simulate “stain-bleeding” witfton
relevant details in Section 4. The cumulative weathering effects are 2¢ind because of the-transport capability of-tons.

accomplished through performing such updates iteratively.

3.5 A Tutorial Example
We illustrate the system with the visual simulation of metallic
patina. A spherical environmentton source is used to shogt
tons with the following attribute values:

Ton {

ks =1, kp, =0, kf =0;

1; // Amount of patina (a) original (b) weathered

Sp

}

which means the-tons travel in a straight lineTén.k; = 1) and
carry patinaTon.s, = 1). The surface property of a copper surface
is initialized as
Surf {
AS

Sp

0.5, A, =0; Ay =0;
0; // [Initially, no patina

}

It means the original surface is highly reflective and no patina is
present initially. A settledy-ton introduces patina to the surface
according to the followingy-transport rule:
Surf.s, — Surf.s, + 0.05 - Ton.sy; The example in Fig. 8 is generated hyton tracing followed
by rendering through multi-texturing. The rendering method is the
same as the one used for Fig. 7. Notice thabns not only induce

(c) blow-up (d)y-ton map
Figure 8: An example of “stain-bleeding”.



rust on the iron chain, but also carry rust particles to the staircase.
Two forms of “stain-bleeding” can be seen in this example, one due

to bouncing and the other due to flowing. Notice the stain on the

vertical face at the center of Fig. 8 (c). The bounciatpns bring

rust particles from the nearby stain spots on the steps to this vertical

face. The flowingy-tons further propagate stains downward, espe- (a) Initial condition
cially along the cracks. Notice the different stain patterns formed
by bouncing and flowing-tons in they-ton map (Fig. 8 (d)).

For the example in Fig. 8, the motion probabilities ptons
are (ks, kp, ky) = (0.0,0.8,0.2), whereasy-ton carrier attributes
include humidity érumidity) and rust §..s¢) with initial values
Of Shumidity = 1 ands,.s¢ = 0. For both the cement stair- (b) Moss growth + “stain-bleeding”
case and the metallic chainy-reflectance is(As, A, Ay) =
(0.0,0.4,0.05) and material properties, including humidity and
rust, are initialized a$rumidity = 0 and syust = 0. The -
transport rules for the cement staircase and wall are

Surf~5humidity — surf~5humidity +0.1- Ton.shumidity;
Surf.srust <« Surf.spust + 0.1 Ton.spyst; (c) “Stain-bleeding” only

while the~-transport rule for the metallic chain is

Surf.shumidity < SUrf.shumidity + 0.1 - TOR.Shumidity;
And the~-transport rule for-tons is

Ton.Srust «— TON.Srust + SULE.Srust; (d) Moss growth only

This rule represents the transfer of rust particles from the chain to
~-tons. After eachy-ton tracing iteration, we update the surface
properties of the chain as follows

Figure 9: An example of multi-weathering. The growth of moss
suppresses the “stain-bleeding” from the ground to the cement wall.
Left and right columns show the rendered images and the corre-

Surf.srust <«  Surf.srust +0.015 - Surf.shumidity; spondingy-ton maps respectively. The blue and red colors indicate
Surf.shumidity < Surf.Spumidity — 0.5 - Surf.spumidity; the amount of moss and soil respectively.
More examples of stain-bleeding can be found in Fig. 13. are (ks, kp, k) = (0.0,0.8, 0.2), whereas the rain-ton carrier

Multi-Weathering: Several weathering effects often take place si- attributes are dirkg;+ = 0 and mos$moss = 0. The mossy-ton
multaneously and these weathering processes can interact with eacimotion probabilities arék., k,, k5) = (0.2,0.0, 0.0), whereas the
other to generate more complex weathering effects. A distinct fea- mossy-ton carrier attributes are dist;;-» = 0 and MoSSmoss =
ture of our framework is that it can simulate multiple weathering 0. For both the cement wall and the ground, theireflectances
processes and more importantly, thieiteractions Such interac- are(As, Ap, Ay) = (0.0,0.4,0.05) and their material properties
tions cannot be simulated by individually modeling multiple weath- include dirt (s4ir+) and moss4,..ss). While the material properties
ering and blending their results. Our framework can simulate the of the cement wall are initialized ag;,: = 0 andsy,0ss = 0, the
complex interactions among multiple weathering processes becausemnaterial properties of the ground are initializedsas.: = 1 and
of the multipley-transport ability ofy-tons and the iterative updates  smoss = 0. The~y-transport rules for the ground are
of surface properties and geometry.

Fig. 9 shows our simulation of a multi-weathering scenario with
two interacting weathering processes, moss growth on the ground ~ Surf.smoss <« Surf.smoss + 0.02 - Ton(rain).smoss;

and dirt splattering near the bottom of the cement wall. The ground ] ) o R
is initialized with a large amount of dirt and a small number of The first rule is only used once at the beginning to initialize the

seeds for the moss (Fig. 9 (a)). Astons propagate through the ground with sma_ll number of moss seeds. Fhegansport rule for
scene, they can pick up materials (moss or dirt) from the ground the cement wall is

and transport them to other places. If they pick up soil, they expe- ) ) . o

dite “stainF-)bIeeding” from thgground to trz,epbottorgl of the cyemepnt Surf sairt — Surf.saire + Ton(rain).sairs;

wall. If they pick up moss, they facilitate the moss colonization.  ppq the-transport rules for the rain-ton are

As the moss-covered areas grow, more soil is covered and thus less, . .
likely to be splattered onto the cement wall. In other words, the Ton(rain).smoss <  Ton(rain).smoss + 0.1 Surf.smoas;
growth of moss suppresses the splattering of dirt onto the wall. We Ton(rain).sqirt <« Ton(rain).sair¢ + Surf.sqirt;
naturally model such interactions by modifying theeflectance

Surf.sSmoss ¢ Surf.Smoss + Ton(moss).Smoss;

of the ground after eac{rﬂ.ton tracing iteration. As a resuw’_tons After eaCh’}/'ton traCing iteration we update the surface properties
become more likely to be trapped in moss-covered regions. of the ground as follows
The result of multi-weathering can be seen by comparing Fig. 9 Surf.s.. Surf.sq; — 0.1 - Surf .
(b) and (c). The “stain-bleeding” (regtons in Fig 9 (b)) is signif- R Sdint 7 SUEL-Sdirt UL SULE-Smoss;
icantly suppressed by the growth of moss (blutns), especially More examples of multiple weathering are shown in Fig. 12. In

on the left hand side of the scene. Such competition cannot be ap-our current implementation, we store the properties of all effects in
proximated by individually modeling two weathering effects (Fig. 9 a single layer (on surfels). It helps the users to easily specify the
(c) and (d)) and blending the results. The images are rendered byrules of the interaction between effects and ignore the complex un-
using multi-texturing the same way as for Fig. 7. derlying physics details. It also allows the user to simulate multiple
For Fig. 9, we use two types oftons: Ton(rain) for the rain effects on any surface and to render the effects with various meth-
andTon(moss) for moss seeds. The rainton motion probabilities ods. However, the single-layer representation also has limitations.
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water. This weathering effect is simu-
lated with a pointy-ton source.

Figure 12: A scene with “stain-bleeding” and multi-weathering effects.

Figure 13: Another scene with “stain-bleeding” effects (in the zoomedsyr




