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Abstract
This paper describes in one hand a computer graphics
method for simulating corrosion imperfections on a
single surface and in the other hand, presents briefly a
more general 3D model. The method demonstrates the
ability of the proposed 3D data structures for
modeling realistic looking textures.
We first propose a technique valid for generating
the corrosion propagation on a single polygonal
non-linear surface and the corrosion painting using a
aqueous flow. The perspective of a more general
model is then discussed.
Finally, a series of examples illustrates the
promising potential of this model.
Keywords and Subject Descriptors: Computer Graphics,
Weathering, Corrosion, Erosion, Particle System, Sedimentation,
Evaporation, Aging, Painting.

1 Introduction
In less than fifteen years computer graphics results
have become incredibly impressive and however too
perfect: The real world is full of imperfections, a
perfectly clean CG world can appear therefore as very
uncomfortable. That is why during the end of the last
decade, worn appearance object has been simulated
mainly by mapping textures. Unfortunately, this
technique has shown many limitations, e.g. time
consuming, difficulties in the mapping orientation,
scaling
and
resolution
problems,
edging
inconsistencies, etc… . The need for automatic
weathering effects is very strong, especially for virtual
world generation (see Figure 1) .
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(a)
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Figure 1: Example of change of appearance on a basic scene.

More recently, dust accumulation, changes of
appearance due to water flows, metallic patina, or
painting peeling have shown excellent results in
weathering modeling. We are living in a world full of
metallic objects, this implies that the visual aspect of
corrosion and painting due to flow sediment transport
is something very common. However, this field stays
as a largely unexplored domain of computer image
generation. The objective of the present paper is to find
a model for visual simulation of corrosion (see real
picture of corrosion, Figure 2). This technique will
solve the problems generated by texture mapping and
also can be applied to the aging simulation of a wide
range of metals.

Figure 2: Example of real corrosion on a gate.

Corrosion phenomena and its corresponding flow
interactions, makes a very interesting but complex
general behavior such as:
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Object geometry is transformed. The volume
decreases mainly due to corrosion and slightly by
the flow erosion. But it can also increase partially
due to the patina and sediment deposition.
The object appearance will therefore be
transformed because of the change in geometry
but mainly by the sediment painting and metallic
patina.
It is currently impossible to represent these complex
interactions as a pure physically based model.
Moreover, many “semi-faking” CG [26] model have
proved to give very satisfying results, and as the
decomposition into several pseudo-physical models is
very feasible, we therefore present the union of a
classical water model, an original material model, and
an advanced corrosion model.
As corrosion includes quite complex phenomena this
short paper focuses on the different types of corrosion
propagation and on the change of geometry and
appearance of complex but single rectangular
multi-layered surfaces.

1.1 Previous Work
Weathering
J.F. Blinn made a very simple but innovative model for
simulating dust effect using a given thickness of a
“dust” layer [9].
One of the first real weathering model was a fractal
based texturing mapping models by W. Becket and N.I.
Badler [8].
S-C. Hsu and T-T. Wong [13] made a very
interesting dust model. The dust deposition and
rendering model were at the same time extremely
simple with good image results and very fast
computational time.
SIGGRAPH’96 has brought two excellent articles
by Julie Dorsey and P. Hanraham . The first one treats
especially well the copper patina using random rays
accessibility for determining corroded regions [11].
The second one innovates by showing the change of
appearance due to water flows using in a pre-computed
sediment layer deposed on the surface of the rendered
object [12].
N. Chiba et al. proposed an interesting natural
erosion adapted for mountain landscapes [10]. This
model do not directly belong to the weathering field.
However, it can be quite easily applied for the
transport of corroded deposits and their sedimentation.
Probably the most recent model on weathering is
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the one of T.T. Wong et al. [14], who proposes a
two-steps texture generation framework with
impressive results on painting peeling.
Note that the majority of the non-texture mapping
models is very recent (only since 1995). That is why
the number of publications in this field of study is
unfortunately very small.

Fluids and Flows
The literature in the domain of simulating liquids is
much more consistent than for weathering problems.
However in our model we do not simulate the
visualization of the flows but only the effects on solid
surfaces; we describe very briefly the three main types
of fluid references: 2.5D for liquid surface, 3D
mathematical, and 3D particle models.
Using 2.5D, M. Kass and G. Miller [24] proposed a
simple but efficient model for rendering water surface.
Also, J. O’Brien and J.K. Hodgins [25] had innovated a
splashing of fluids.
Advanced mathematical based model have been
proposed for simulating fluids behavior in full 3D.
Very recently the fire model by J. Stam and E. Fiume
[23] or the liquid animation [22] and the gas animation
[21] by N. Foster and D. Metaxas were resulting in
impressive and realistic fluids images.
Particle systems use more intuitive approach and
therefore are much more easy to understand. As
example about ten years ago viscous fluids were
studied by G. Miller and A. Pearce [19]. More recently,
N. Chiba et al. [18] proposed a very nice water current
simulation. This year J-X. Chen et al. [17] has shown a
fluid model on dynamic environment, and a flames
model was presented by J-Y. Takahashi et al. [20].

Liquid Interaction on Solid
One of the main objective of our work is the
interaction of liquids on solids. Two papers in this field
have been noticed: The remarkable work of C. J. Curtis
et al. [15] for the watercolor simulation and the
innovative study of Q. Zhang et al. [16] on ink
behavior.

1.2 Overview
This paper is structured as follows. We begin by
describing the physics and chemistry of corrosion
existential explanation and effects. We then present our
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simple corrosion and flow model, describing in details
the multi-layered structure, the corrosion properties
and operators, and water flow. This is followed by the
description of the rendering procedures and some
results. Finally, an approach of a more sophisticated
study accompanied by some advanced prototype
examples is briefly presented.
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deeply insufficient. That is why we introduce a original
material model by restructuring the rectangular
polygon as a set of multi-geometrical surface layers
(see Figure 3). To each material, a set of properties is
associated, like its colors and reflectance, density, light
transmission parameter through layers, water
absorption / dissolution / erosion rates, and for most
metallic material a set of corrosion and oxidation (or
sulphidization) properties.

2 Corrosion Definition and Basis
“Corrosion is a natural and very common phenomena.
It is defined as the destruction of a material because of
reactions with its environment” [5]. As the very large
majority of corrosion occurs in metals, we restrict this
study to them. For full details on the physics of
corrosion and applications, here are some interesting
references:
The excellent book Corrosion Engineering [5] of
M.G. Fontana gives a general and easy to
understand point of view of all types of corrosion.
For a more theoretical and physical aspect, D.B.
Craig with Fundamental Aspect of Corrosion
Films in Corrosion Science [4] deeply describes
and analyses corrosion mechanism and control.
The most recent scientific publications on physics
/ chemistry of corrosion are summarized in
Corrosion, Testing in Natural Water of R.M.
Kain and W.T. Young [6].
And for very realistic set of coloring results, The
Colouring, Bronzing and Patination of Metals by
R. Hughes and M. Rowe [3] is a remarkable and
impressive work.

(a) polygon

(b) multi-layered
polygon

(c) multi-geometrical
surface layers

Figure 3: Simplified material structure.

In association with these properties, each type of layer
have a thickness, a thickness noise (determined using
classical fractal functions), and a smoothness surface
coefficient parameters. The cumulative addition of
layers for each combination of these three parameters
(see figure 4), permits the simulation of about all kinds
of materials (with the exception of mixed layers).
(a)

Layer 2.

Layer 1.

Layer 3.

(b)

3 Corrosion and Flow Model
The following three main behaviors have to be defined
for our corrosion model:
The corrosion has to occur on what type of
material: determination of the data structure.
The corrosion has to propagate under certain
restrictions: specification of the corrosion
behavior.
The paintings due to corrosion and patina
pigments have to be transported by water (or any
aqueous) flow: spreading definition.
These are fully described in the following sections.

3.1 Corroded Material
Describing the scene as a simple set of polygons is
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Layer 1.

Layer 2.

Layer 3.

Figure 4: (a) Four different styles of layers
(b) Result of the combination of layer 1, 2 and 3.

Moreover, the resulting data structure is very
convenient because it allows the easy setting of bands
of triangles during the last step of rendering. Triangle
strips are very fast to render and permit shading,
providing realistic surfaces to the scene.

3.2 Corrosion properties
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As purposed, our goal is to generate corroded looking
rectangular surfaces (section 6 shows the perspective
of a more general model).
When we rapidly take a look at a corroded object, the
corrosion appears to be only on the surface and very
often seems to draw random spots. In fact, after a
longer observation, we can realize that it will not only
propagate on the surface, but also inside the material
itself. Furthermore, those spots are first not purely
random but they follow more or less the path of water
flow, and second, it always make regular circles if the
region is continuously favorable to contamination. We
can also notice that even if the corrosion spreading
seems to be identical, for each metal, a different kind
of pattern exist.
The conclusion of these observations is that we can
use a basic rule of strategy to simulate corrosion
propagation using the natural grid points of the data
structure. Figure 5 summarizes the main steps of this
strategy.

3. The third step determines the contamination of one
cell to one or many others. The chance of
contamination is controlled by cardinal direction
gaussian probability, but also by the ‘age’ of the
offensive cell, by the potential help (corroded
neighbor cells) of the offensive and potential help
of the defense (“strong” material cells).
The fourth and fifth steps shows the mapping of the
corrosion propagation on the layers and the 3D
rendering steps, respectively.

3.3 Flow model
We model the flow of liquid as a particle system where
each particle is a drop of water (see Figure 6). All
drops have a constant initial volume and can transport
only one type of sediment.
Water particle

2
3

1

5

4

Figure 5: 2D corrosion propagation main steps.

1. The first step consists of determining weak (or
“wet”) regions. In the simple case of the rectangular
surface, the selection of these regions uses lower
surface cells associated with a random noise
proportional to the altitude and user’s percentage of
weak material. (For more realistic objects, please
refer to section 6 where a more sophisticated
technique consisting of making the selection
proportional to a pre-computing the general water
path tracing is proposed).
2. The second step is to find new potential seeds. Two
parameters control this step: The percentage of new
seeds per time unit, and the maximum number of
new seeds. This simple combination allows many
interesting effects.
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Figure 6: Water particles on the multi-layer data structure.

The general motion of the fluid is controlled by
parameters and functions such as gravity, friction,
roughness and also unusual forces (for CG) such as
contact/adhesion drop force toward surfaces. This
contact/adhesion force is a function of the elliptic drop
area made by the distance between the solid and the
center of the “spherical” drop.
The interaction with solids is governed by rates of
water absorption by the material, solid erosion,
evaporation, and deposit sedimentation (see Figure 7).
The rate of absorption is controlled by the liquid
properties (i.e. velocity) and mainly by the layers
current thickness and material absorption and
absorptivity.
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We assume that the more the solid tends to be
saturated, the more it become weak and able to be
eroded. In the case of an erosion event, the volume of
material eroded is proportional to the total liquid
volume involved (liquid released in this region plus
drop volume). A drop itself is assumed not to be able
to evaporate. However, the water contained in a solid
will evaporate proportionally to the surface area of the
cell. (Notice that the real impact of the evaporation
from the drops stays unknown and will be the object of
a future study.)

Instead of simply bounding on the surface of the
material, the light is able to get through each layer
inversely proportional to an exponential function of the
thickness and to the density of the material.

(a)

To show the graphical quality of this model, in this
section we briefly describe the corrosion, light and
flow influence results.

Water flow : absorption, evaporation

This results in a excellent simulation of light
propagation through layers, resulting in an impressive
image quality.

5 Results

Corrosion simulation
Figure 9 shows the top view of the rectangular
multi-layered surface without light through layer
rendering. Six spots of green patina due to corrosion
have been developed.
Figures 15 (a to g) show the propagation of
corrosion on a half random wetting map. And Figure
15 (h to n) shows the corresponding rendering results.

(b)

Sedimentation

Erosion and washing
Figure 7: Flows interactions on the sediment layer
(a) Side view of a multi-layered object;
(b) Same object after the flow actions.

When a certain volume of a drop is absorbed into a
solid, a deposition of transported material is obtained.
This sedimentation is naturally obtained using the
concentration of sediment in the drop.

4 Rendering
For the rendering, an advanced light model (for CG)
has been implemented. It consists of a simplified
version of the reflectance and transmission
Kubelka-Munk [7] optic model (see Figure 8).
Light
Source

Figure 8: Recursive light rays throw layers.
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Light through layer simulation
Figures 11 (a to c) show a three semi-transparent
layers: Two rectangular layers (red and blue), and one
set of green spots. We can observe the strong change
of colors when we progressively increase the opacity
coefficient.

Flow influence simulation
Figures 12 (a to c)show absorption of liquid in the
solid. Figure 12 a represents the dry surface, and 12 b
the saturation of liquid in the solid.
Figures 10 and 12 b clearly show the trajectory of
water and water absorption by the solid.
Figures 13 (a to c) show the different stages of the
erosion process. Figure 13 a. is the initial stage, 13 b
is the resulting of the washing of ten thousands drops
after three hundreds steps, and 13 c is after nine
hundreds steps. Note that as the influence of the liquid
was very small in the upper region, the red patina is
comparatively intact.
Figures 14 (a to d) show the progressive erosion
and sedimentation of red patina deposit. The painting
can be especially well observed in 14 b.
Figures 16 (a to f) show the animation of fifty
thousands drops of water over a 45 degrees of
inclination square surface . In the first figure only three
green patina spot can be clearly observed. However in
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the Figure 16 f, we can see a green painting deposit all
along the water path.
In all these figures we can often notice a
non-realistic dot discontinuity (see Figure 13 b or 14 c).
This is produced by the constant size of each drops and
the direct and instantaneous solubility and deposition
of sediments.

6 Extension to Real 3D Models
The model shown can be consider as a link (applied
only in 2.5D) between the two articles edited by Julie
Dorsey [11,12]. We are currently studying on the same
optic viewing the realization of a far more advanced
and general real 3D corrosion model of CG. We
roughly describe in the following section the property
of this future model.

6.1

Advanced real 3D models

Instead of working with a single rectangular
multi-layers data structure in 2.5D, we must use
multi-layers-polygon (for example a set of triangles) in
real 3D to be able to generate complex scenes.
Moreover, the corrosion should be able to
“contaminate” neighbor facets using edges and corners.
An even more challenging model would allow holes in
the multi-layer data structure so that piercing corrosion
can be simulated.
For the painting sediment deposition the water flow
should allow each water (or whatever aqueous liquids)
to transport multi-concentration of sediments at the
same time so that a more natural mixture of coloring
can be obtain. And the water flow animation should
navigates in a 3D voxel-tree so that particle collisions
can be tested.

6.2

β-Results

We show some advanced results at the end of this
paper. Figure 17 a shows the 32 facets and 16 normal
vertices of a very simple object. Figure 17 b shows the
corresponding set of the cells (considering the relative
radius dimension to be 10 cm and cell side size 1 mm).
And Figure 17 c presents its 3D texturing with a
beginning of corrosion.

7 Summary and Discussion
7.1 Conclusion
We have described a solution for modeling corrosion
on a single rectangular surface. The material was
presented as a set of layers to each a set of material
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properties were associated. The corrosion behavior was
controlled by a “wet or dry” cells map, by a
propagation on and in the surface, and by a flow of
aqueous liquid. The flow was a particle system and was
defined as a set of drops where each have the following
properties: Wet or erode the material, or transport or
deposit the sediment.
Unfortunately the proposed method gives
satisfactory results only on a simple rectangular area.
However this model can be applied to a wide range of
materials, corrosion effects, and water flow paintings.
Moreover, we have shown that it is possible to extend
this method for a more realistic computer graphics
applications.

7.2

Perspective

We are currently working on a 3D model, where in, the
corrosion can propagate side by side on triangular
facets. The possibility of generating realistic corrosion
holes is also possible. Moreover, as we try to simulate
metallic objects, an advanced light model should be
very appropriate, especially for the rendering of
metallic reflections and shining aspects.
Even if our model gives a new approach to
computer graphics metallic rendering, many
improvements can be made. Weathering research is a
very promising direction for computer graphics.
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