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Figure 1: Flow transfer. From left to right, input flow stain, target image, and two examples of user-directed flow transfer.
Observe how the flow properly adapts to the target surface.

Abstract
Weathering phenomena are ubiquitous to urban environments. In particular, fluid flow becomes a specially rep-
resentative but difficult phenomenon to reproduce. In order to produce realistic flow effects, it is possible to take
advantage of the widespread availability of flow images on the internet, which can be used to gather key infor-
mation about the flow. In this paper we present a technique that allows transferring flow phenomena between
photographs, adapting the flow to the target image and giving the user flexibility and control through specifically
tailored parameters. This is done through two types of control curves: a fitted theoretical curve for the mass of
deposited material, and a control curve extracted from the images for the color. This way, the user has a set of
simple and intuitive parameters and tools to control the flow phenomena on the target image. To illustrate our
technique, we present a complete set of images that somewhat cover a large range of flow phenomena in urban
environments.

Categories and Subject Descriptors (according to ACM CCS): I.3.3 [Computer Graphics]: Picture/Image
Generation—Line and curve generation, Bitmap and framebuffer operations

1. Introduction

Weathered surfaces are ubiquitous in urban environments,
and modeling them is a key issue for achieving realistic ur-
ban landscapes. Among the effects to consider, weathering
produced by fluid flow is one of the most important ones be-
cause of its universality and large scale effects. Also, it is
particularly difficult to model because it is strongly shape-

dependent: global shape affects the overall direction of flow,
while small scale roughness (details or micro-geometry) and
porosity alters its look and behavior [DPH96].

With the widespread use of digital photography, it is now
not difficult to find thousands of images showing weathering
effects. Up to now, the only use that has been given to this
resource is the extraction of some guiding parameters for
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a particle-based simulation [BLR∗11]. However, little has
been done to use the images to transfer the weathering ef-
fects themselves.

In this paper we propose a new method for transferring
weathering phenomena between images that focus on eas-
ily controlling the underlying transport effects. Our method
recovers a set of intuitive but physically-based parameters
that allow easy modification of the transferred phenomenon,
coupled with appropriate tools for adapting the underlying
effect onto new targets. This way, the user can simply per-
form a copy & paste-like operation of the flow effects from
the samples onto new images, being able to intuitively con-
trol the final result, as can be seen in Figure 1. We can sum-
marize our contributions as:

• A new image-based method to transfer flow weathering
phenomena that allows the adaptation of the original color
and detail.

• An intuitive control system based on fitting an analytical
model that lets users modify and adapt the flow to differ-
ent conditions.

2. Previous work

Dorsey et al. presented one of the first works to deal
with stains by fluid flow [DPH96], using a simulation
with particle systems to recreate the flow effects. Chen et
al. [CXW∗05] proposed γ-ton tracing, based on tracing a
special kind of aging-inducing particles and accumulating
their contributions. Mérillou et al. [MMG∗10] incorporated
flow accessibility as a measure to limit stain distribution.
Recently, Bosch et al. [BLR∗11] extracted parameters of a
particle-based simulation from real photographs along with
detail maps. None of these works directly transferred flow
stains from pictures, using them only to extract simulation
parameters at most. For an extense review of weathering
simulation in Computer Graphics, we refer the interested
reader to the survey by Mérillou et al. [MG08] or the ex-
cellent book by Dorsey et al. [DRS08].

Image-based techniques are closely related with the one
we present here. Oh et al. [OCDD01] allowed relight-
ing, content removal and editing in 3D, as well as view-
point changes, based on reconstructing and editing depth
and color maps from single uncalibrated images. Sloan et
al. [SMGG01] developed a technique for capturing custom
artistic shading samples from art work to allow users to gen-
erate shading models with similar light, depth, and material
properties as accomplished by artists. Fang and Hart [FH04]
proposed to split the image in patches and synthesized the
texture for each one, while Khan et al. [KRFB06] used
image-processing techniques to edit the image. Winnemoller
et al. [WOBT09] applied parallax mapping to an image and
its depth map obtained from its normals. Recently, Yeung et
al. [YTBK11] presented a method that allows the users to
sketch distortion patterns resulting from refraction effects.

Wang et al. [WTL∗06] synthesized weathering patterns
from given examples by creating a basis of weathering sam-
ples (an appearance manifold) that approximated the space
of weathered surfaces. Xue et al. [XWT∗08] continued this
research to achieve interactive edition and performed sim-
ple transfer of effects between images, but without extend-
ing their work to deal with geometric variations or flow-
produced stains. Later on, Xue et al. [XDR11] developed
a method for simulating stone erosion in a photograph. Al-
though practical, none of these approaches deal with the kind
of natural phenomena we aim at transferring with our ap-
proach.

Our work also relates to flow synthesis algorithms like the
work of Neyret [Ney03]. Neyret proposed to advect textures
by combining layers of advected parameterizations accord-
ing to a criterion based on the local accumulated deforma-
tion. These layers were periodically regenerated. Kwatra et
al. [KEBK05] defined texture synthesis as a minimization
problem, adding control through constraints like flow and
color. For flows, they used the previous frame as a constraint
for synthesizing the current one, achieving flow continuity.
Later, Kwatra et al. [KAK∗07] synthesized textures over dy-
namical fluid surfaces by transporting texture information.

Related to the goal of this paper, Treuille et al. [TMPS03]
presented a method to control the keyframes of smoke sim-
ulations. Later on, Bhat et al. [BSHK04] presented an algo-
rithm for synthesizing and editing video of natural phenom-
ena exhibiting continuous flow patterns. The method ana-
lyzed the trajectory of particles with the aid of user-provided
guiding lines. Okabe et al. [OAIS09] presented a method
to design a continuous flow animation by using video ex-
amples. Following this work, Okabe et al. [OAO11] used a
video database to generate fluid animation from a single im-
age. These works mainly rely on video sequences and do not
consider material deposition because of flow mechanisms,
as we do here.

In terms of acquisition, Hasinoff et al. [HK07] recon-
structed visually realistic 3D models of dynamic semitrans-
parent scenes (e.g., fire) from a very small set of simultane-
ous views. Wang et al. [WLZ∗09] proposed a system to ac-
quire water animations by combining video-extraction and
water-surface optimization.

3. Overview

Our aim is to transfer the result of a flow-based staining pro-
cess from an input image to a target one. The key realization
in our system is that this transfer can be done by extracting
and "cleaning" the input stains from any dependence on the
input background, and later blend it with the background at
the target image. Our pipeline for transferring flow effects is
divided in two stages: extraction and transfer. For the sake
of clarity, we subdivide the explanations of the former stage
in three steps (i.e., computation of the concentration map,
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Figure 2: Feature extraction. Top: Given an input image and
its concentration map ∆, we extract its color map Cµ, its
variance map Cσ and the residual r (in false color). Bot-
tom: the concentration map is warped to obtain a straight
source edge, from which we fit the theoretical curves.

parameter estimation and color extraction); and the latter in
three further steps: basic transfer, geometric details and stain
editing.

The user input required by this process is limited, as it
only consists of a set of regions selecting the background
vs. flow colors in the input image (Section 4.1), the starting
of the flow in both images by means of two polylines (Sec-
tion 4.2 and 5.1), and the tuning of parameters for editing the
final flow (Section 5.3).

4. Flow extraction

Flow extraction is a process that aims at identifying the
stained area and extracting its controlling parameters. For
this, we compute two types of curves from the input flow im-
age: one controlling the concentration of material deposited
by the process, obtained through fitting a set of theoretical
curves to a concentration map; and another controlling its
color, obtained directly from the stained area in the input im-
age and represented as a sampled color map Cµ. See Figure
2.

4.1. Concentration map

The concentration map ∆(x) defines the amount of material
deposited at each point in the image, which we assume to
be related to its color opacity or mixture between the stain
and background colors. To generate such a map, we can re-
sort to techniques such as appearance manifolds [WTL∗06]
or alpha-matting techniques [WC07]. In our case, we use
the former method, which is specially tailored to weath-
ering phenomena. Given two regions of pixels selected in
the image, representing the most and least weathered points,
we use the appearance manifold to obtain the correspond-
ing weathering map, which is here used as our concentration
map ∆(x). As in [WTL∗06], we assume that ∆(x) ∈ [0,1],

Figure 3: Fundamental elements for absorption and sedi-
mentation. Adapted from [DPH96].

with 0 representing the least stained points and 1 the most
stained ones.

4.2. Parameter estimation

In order to control the flow pattern during the transfer, we
fit a set of control curves to the concentration map, which
will approximate the distribution of concentration over the
surface. These curves are physically-based and derived from
models of water absorption and material deposition, as de-
scribed next.

The fundamental equations for absorption and sedimen-
tation are well known [DPH96]. The absorption of water
at a surface depends on the material properties, like poros-
ity and available void space. For absorption, the governing
equations are presented in Equation 1.

∂m
∂t

=−ka
a−w

a
m

∂w
∂t

= ka
a−w

a
− Iw

(1)

There, m is the water content in the water particles (droplets),
w is the water absorbed at the material surface, a is the
absorption, ka is the absorptivity, and Iw is the evapora-
tion, which we assume to be negligible for the processes
described here. The amount of water absorbed w depends
mainly on the absorptivity ka and the duration of the ex-
posure (represented by ∂t), which in turn is limited by the
absorption a. See Figure 3.

There is a number of possible approximations for the set
of Equations 1 [FX94]. We have decided to use one of the
most accurate ones [Wit05, SRLW13], which is a simple so-
lution in terms of the er f c function, defined as

er f c(x) = 1− er f (x) =
2√
π

∫ ∞
x

e−t2
dt
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so we decided to use a function of the shape

w(x) = α · er f c(γx)

for the fluid flow, with α and γ two constants that depend on
the material surface.

On the other hand, sedimentation is the process of sub-
stance deposition on the surface, like dirt or pollution. The
governing equations are presented in Equation 2, where S is
the concentration of dissolved material, D is the concentra-
tion of material deposited at the surface, ks is adhesion rate,
kD is solubility rate, and ID the deposit coefficient from the
modeled phenomenon, again considered to be null during
flow for the purposes of this work [DPH96].

∂S
∂t

=−ks ·S+ kD ·D ·
A
m

∂D
∂t

= ks ·S ·
m
A
− kD ·D+ ID

(2)

This second set of equations for sedimentation can be
solved analytically by assuming a constant factor between
the contact area A and the particle water content m (i.e.,
A/m = constant). From the second equation in Equation 2,
we get that

S =
1
k′s

(∂D
∂t

+ kDD
)

with k′s = ks ∗m/A. Inserting this into the first equation leads
to:

∂
2D

∂t2 +(kD + k2
S ∗m/A)D = 0

This is a simple second order differential equation, which
can be solved, leading to an exponential expression. By as-
suming a linear relationship between time and the distance
traveled by the droplet, we arrive at an expression of the
form:

D(x) = φe−βx

where φ and β are two constants related to the materials.
φ and β parameters can be easily estimated using standard
linear regression in log space, which we apply to each stain
column in order to capture the concentration variability D(x)
along the source. This step is done after warping the concen-
tration map according to the user-defined polyline represent-
ing the stain source in the image (see Figures 2 and 4).

In Figure 5 we can see an example of the process of fit-
ting a curve to an input stain (oxide on a rough wall sur-
face). From left to right, the input image, the corresponding
concentration map, the fitted pattern with one column high-
lighted in green, and the pattern applied to an image. At the
bottom row, we can see the fitted curve (orange line) ob-
tained from the corresponding concentration profile (purple
profile). The fitting may not be very accurate in some situ-
ations, especially under the presence of strong surface vari-
ations. However, these profiles are only used to modify the

Figure 4: Parameter fitting. Given an input image (left), we
extract its concentration map (middle) and fit an analytical
curve for each pixel along the source (right). The parameters
of these curves will be globally controlled during the editing
phase.

concentration map, and thus the final result still preserves
the original detail (top row, two rightmost images). In Sec-
tion 5.3 we explain how a global controlling mechanism is
used to alter this map.

4.3. Color extraction

As we are going to transfer the stains to new photographs,
and thus to new materials, we need to extract not only the
stain shapes, but also their colors, and transfer them as well.
For that, we compute a control curve, called color map (Cµ),
that relates concentration values with stain colors, similar
to [BLR∗11]. This color map is a function of the concen-
tration ∆ and represents the average color associated to each
concentration value. The resulting functions L(∆), a(∆) and
b(∆) (in Lab color space) evaluate these curves for a given
concentration value ∆. Along with the color map, we com-
pute a variance map Cσ as well. The color map can be un-
derstood as a sampled curve that can be globally scaled or
modified, allowing some global color control. The variance
map will account for the variability of colors associated to
each average color, and will be used to better preserve the
original texture during the transfer, as described in the next
section.

These maps, although very useful for a simple direct map-
ping, might not provide enough precision for a complex stain
pattern. In order to account for this complexity, we also com-
pute a residual map r as

r(x,y) = InputImage(x,y)−Cµ(∆(x,y))

where r(x,y) is the residual Lab color of the pixel at position
(x,y). See Figure 2.

5. Flow transfer

5.1. Basic transfer

Using the information extracted from the input image, we
can proceed to transfer the flow weathering effect to a new
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Figure 5: Fitting and transfer of flow. Top, from left to right:
input image, extracted concentration map, fitted model, and
two edits performed after transferring the original map onto
the target image. Bottom: concentration and fitted profile for
the column shown in the top-middle image (∆ and D(x), with
x measured along the flow). Even if the fitting is not per-
fect, the resulting images (top rightmost images) are still of
high quality: the stain has been stretched in the first case
(smaller β) and its concentration has been increased in the
latter (larger φ).

target image. The inputs needed from the target in the most
basic setup are the color information, provided by the target
image, and a hand drawn polyline indicating where the flow
will originate on this image. The user-provided polyline is
used to warp the concentration map from the input image to
the target one, so that the edges on the source match the ones
defined on the target. As a consequence, this generates a new
concentration map ∆

′. We perform this warping by means of
a perspective transformation [Ope13].

Given ∆
′, we also need to transfer the color information

from the input image. This transfer should take care of pre-
serving all the colors associated to the input weathering ef-
fect while removing any trace from the original background.
Bosch et al. [BLR∗11] proposed a simple approach to trans-
fer this color information by properly pixel-wise scaling the
colormap from the original background color to the new one.

We found this approach to work well for stains with similar
chroma variations associated to each degree. However, stains
containing non-uniform mixtures of colors can not be well
represented with a single one dimensional curve [ATDP11].
In addition, the input concentration map often suffers from
bad color clusterings for similar degrees.

To solve this, we add onto the obtained color the resid-
ual color extracted from the preprocessing step, properly
weighted by the variance (standard deviation) associated to
each weathering concentration. The rationale behind this is
that the residual cannot be directly added to any concentra-
tion value, as the residual might have an original scale that
could be too large for the target weathering. As a conse-
quence, we decided to attenuate the residuals with the vari-
ance map Cσ to guarantee a proper contribution. As we also
want to maintain color variations at the highest concentration
levels, but not for the background, we also scale this devia-
tion by the concentration itself, so that the deviation tends
to zero towards the background color. The target weathering
color I′(x,y) is computed from its original color, I(x,y), as:

I′(x,y) = s(x,y)Cµ(∆′(x,y))+ r′(x,y)Cσ(∆′(x,y))∆′(x,y),

where s(x,y) is the scaling applied to the color map to warp
it according to the color of the target pixel, Cσ is the vari-
ance of the color map, and r′(x,y) is the residual of the cur-
rent pixel, transferred along with the concentration map. s is
computed as [BLR∗11]:

s(x,y) =
I(x,y)−Cµ(1)
Cµ(0)−Cµ(1)

This transformation is done in Lab color space and inde-
pendently for each channel, which produces better results
than RGB [XWT∗08]. Observe that the target image color
is introduced in the above expressions through the function
s(x,y), which includes its color (I(x,y)).

5.2. Geometric details

Adapting the color is essential for properly transferring
a weathering effect. However, the concentration map also
needs to be adapted, as it is typically perturbed by the ge-
ometric details of the underlying surface. Here we consider
that these details alter the concentration along the propaga-
tion direction without modifying this direction significantly.
This effect is mostly due to small-scale details, which usu-
ally come in the form of high frequency variations. In order
to reproduce them, we can thus simply modify the concen-
tration according to the high frequency geometric changes
present on the target surface.

To capture the geometric changes of the target surface, the
user could provide a depth map or compute it by means of
shape-from-shading techniques [ZTCS99]. In our case, we
use a similar strategy than Khan et al. [KRFB06] and Oh et
al. [OCDD01], and assume that depth is inversely related to
image luminance. This way, we can automatically generate
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Figure 6: From left to right: simple color warp-
ing [BLR∗11], our approach, and our approach adding sur-
face details.

a depth map from the image intensity. This method has the
well-known limitation that the light direction in the input
image affects the geometry extraction, and it is not possi-
ble to know whether a part of the image has a positive or a
negative slope. A better but slower method would be to use
a light estimation method followed by a more sophisticated
shape-from-shading approach [LMGH∗13, WH97].

After computing the depth map, we extract the high-
frequencies as the difference between this map and a low-
pass Gaussian filtered version. We let the user specify the
size of the details to be incorporated, and hence the size
of the filtering kernel. The differential of the resulting map
along the propagation direction (vertical direction on warped
space) is used to compute the new concentration, using the
following expression:

∆
′(x,y) = ∆

′(x,y)+G(∆′(x,y), 1
2
,

1
6
) δyZh(x,y)

where Zh(x,y) is the high-pass filtered depth map and
G(x,µ,σ) is a Gaussian function that attenuates the pertur-
bations on the limits of the concentration map ([0,1]). For
us, the value of σ = 1/6 worked remarkably well, but other
expressions could also provide good results. Since the input
concentration map already contains perturbations due to the
details on the original surface, we similarly apply a Gaussian
filter in the input map in order to remove the corresponding
high-frequency details.

At Figure 6, we can see an example comparing the results
obtained by Bosch et al. [BLR∗11] with our own, with and
without taking into account the surface details.

5.3. Stain editing

To give the user the freedom to change the concentration of
the transferred stain, we allow changing the sedimentation
coefficients of the profiles fitted to ∆. To do this we express

Figure 7: Rust examples. From left to right, input image,
concentration map, and two applications of the stain to a
clean wall.

each column of pixels in the input image as a profile defined
by the basis function D plus some residual values r that are
characteristic of the stain pattern, as described in Section 4.3.
By changing the estimated profile parameters φ and β, we
can easily modify the corresponding concentration. In our
implementation, the user is able to freely modify φ and β

by means of two global scaling factors associated to each
parameter, wφ and wβ, as φ

′ = wφ ·φ and β
′ = wβ ·β. These

modifications are applied on the concentration map defined
in input warped space, and sent through the transfer pipeline
as detailed before. Each concentration profile ∆x(y) is now
modified using the following expression:

∆
′
x(y) = Dx(y,φ′,β′)+ rx(y)min(

Dx(y,φ′,β′)
Dx(y,φ,β)

,1)

Here, φ is roughly related to the amount of material that
is dragged and deposited with the flow, and β controls the
reach of the flow. By fitting these two parameters in the
original profiles and subsequently modifying them, we can
thus easily alter the original concentration map. At Figure 5
we can see an example of the type of control these parame-
ters add: at the top row, rightmost two images, the stain has
been stretched (smaller β) and its concentration has been in-
creased (larger φ), respectively.

6. Results

We have tested our technique over a set of images that cover
a considerable range of flow phenomena in urban environ-
ments. In Figure 1 we transfer a complex biological growth
pattern between two different types of stones. The biologi-
cal stain was extracted from a photograph of a wall, and then
applied to a clean stone building.

In Figure 7 we can see an input photograph with rust
formed by a nail in a wall along with its concentration map,
which are used to stain a clean concrete wall. Observe how
the same pattern is modified by varying the amount of mate-
rial (φ parameter), simulating its propagation over time.

Finally, in Figure 8 we can see a biological growth stain
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Figure 8: Chapel example: different applications of flow stains on a chapel image, including a biological stain and two moisture
stains.

and two moisture flows applied to a medieval chapel, placed
at different positions and with different concentration param-
eters.

With respect to our actual implementation, the system is
fully implemented in unoptimized C++ using the OpenCV
library [Ope13] and it runs at interactive frame-rates. In our
experience, each computation roughly takes less than one
second, with a linear dependence on the number of pixels to
be processed.

7. Discussion and Future Work

Tuning the parameters in our system is an easy and intuitive
task, which is quite different to what happens with other
methods like particle-based ones. Fitting the parameters of
the concentration curve can be tricky in some situations, as
there could be external factors like the superposition of addi-
tional phenomena or strong perturbations due to the original
surface. However, even if the curve fitting does not exactly
match the sampled values, its usage is reserved to the edit-
ing of the concentration map, not to replace the map itself.
Modifying the concentration based on these control curves
generally gives highly realistic results, as can be seen in the
accompanying figures (e.g. Figure 5), thus showing the ro-
bustness of our system.

It is well known that running times for particle simula-
tions can be long, mainly due to the particle-surface collision
detection [BLR∗11]. Our approach avoids all these compu-
tations by working directly in image space and not resorting
to any kind of simulation at all. Besides this, our model to
control the flow patterns is physically-based, as it is derived
from state-of-the-art approximation models. We believe this
simple model could also be useful to generate new stains
from scratch, in order to easily simulate different stains pro-
duced by flow.

An interesting avenue for future work is to take into ac-
count the underlying geometry of the target image, as the
stain shape is strongly related to it and thus might cause
transfer artifacts. Another avenue is to provide the user with
tools to edit not only the amount of material and the reach
of the flow, but also the color properties of the deposited

materials. Our current method does not rely on any texture
synthesis approach, so the extensions to surfaces far from
the original input on the image might produce noticeable ar-
tifacts if the original detail is to be fully preserved. Adding
detail through synthesis is a promising way to solve this is-
sue.

Finally, we would also like to extend this approach to sim-
ulate other transport phenomena. We believe our pipeline
could be easily adapted by simply finding an adequate pro-
file model that could be fitted to other examples, in order to
cover a broader range of phenomena.
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