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Abstract:

This work proposes an intuitive fluid flow initialization for computer graphics applications. A combination of
sketching techniques and Gradient Vector Flow is proposed to obtain a smooth initialization for the simulation
using a Lattice Boltzmann Method (LBM). The LBM is based on the fundamental idea of constructing simplified kinetic models, which incorporates the essential physics of microscopic processes so that the macroscopic
averaged properties satisfy macroscopic equations. The application of sketching techniques is proposed in
order to enable the user to draw freely the initial state of the fluid flow using an intuitive interface. Moreover,
it will be possible for the user to define multiply connected domains with suitable boundary conditions.

1

INTRODUCTION

In the last decades, techniques for fluid simulation
have been widely studied for computer graphics applications. The motivation for such interest relies in
the potential applications of these methods and in the
complexity and beauty of the natural phenomena that
are involved. In particular, techniques in the field
of computational fluid dynamics (CFD) have been
applied for fluid animation in applications such as
virtual surgery simulators (Müller et al., 2004b), visual effects (Witting, 1999), and games (Müller et al.,
2004a).
The traditional fluid animation methods in computer graphics rely on a top-down viewpoint that
uses 2D/3D mesh-based approaches motivated by the
methods of finite element (FE) and finite difference
(FD) in conjunction with Navier-Stokes equations for
fluids (Foster and Metaxas, 1997; Stam, 2003). Alternatively, lattice methods comprised of the Lattice
Gas Cellular Automata (LGCA) and Lattice Boltzmann (LBM) can be used. The basic idea behind these
methods is that the macroscopic dynamics of a fluid
are the result of the collective behavior of many microscopic particles. The LGCA follows this idea, but
it simplifies the dynamics through simple and local
rules for particle interaction and displacements.
On the other hand, the LBM constructs a simplified kinetic model, a simplification of the Boltzmann
equation, which incorporates the essential micro-
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scopic physics so that the macroscopic averaged properties obey the desired equations (Chen and Doolen,
1998). The LBM have provided significant successes
in modeling fluid flows and associated transport phenomena. The methods simulate transport by tracing
the evolution of a single particle distribution through
synchronous updates on a discrete grid. Before starts
the simulation, it is necessary to define the initial conditions, which can be an initial velocity field, pressure
field or an initial distribution of particles.
The proposal of this work is to provide an intuitive fluid flow initialization for the LBM method. To
implement this task, the LBM technique is combined
with methods of sketch-based modeling (Cook and
Agah, 2009). In this way, the user will be able to
define an initial state for the fluid flow through freehand drawing. Moreover, it will be possible to set up
holes within the fluid domain in order to get a multiply connected region.
A drawing canvas, which in the actual implementation is aligned with the computer screen, is provided
to the user. So, the user draws sketch paths inside
the fluid domain using the mouse. Each path defines
a streamline of the fluid and the corresponding tangent field is used to compute the fluid velocity over
the path. Then, this first velocity field is used as input
to the Gradient Vector Flow (GVF) (Xu and Prince,
1997). The field obtained by solving the GVF equations is a smooth version of the original one that tends
to be extended very far from the user defined paths.
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Thus, the smoothed velocity field is used as an initial condition for the LBM method. The main contribution of our work is the combination of sketching
techniques and Gradient Vector Flow for LBM initialization.
The article is organized as follows. Section 2 reviews related works. The section 3 describes the Lattice Boltzmann technique. In section 4 the methodology of the Gradient Vector Flow is explained. Section 5 explains the sketch-based modeling. In section
6 we describe the proposed technique. The results and
advantages of the proposed framework are shown in
section 7. Finally, section 8 gives the conclusions and
final comments.

2

RELATED WORKS

The LBM method is based on the fundamental idea
of constructing simplified kinetic models that incorporate the essential physics of microscopic processes
so that the macroscopic averaged properties satisfy
macroscopic equations. The LBM is especially useful
for modeling complicated boundary conditions and
multiphase interfaces (Chen and Doolen, 1998). Extensions of this method are described, including simulations of fluid turbulence, suspension flows, and reaction diffusion systems (Wei et al., 2004).
Lattice models have a number of advantages
over more traditional numerical methods, particularly
when fluid mixing and phase transitions occur (Rothman and Zaleski, 1994). Simulation is always performed on a regular grid, and can be efficiently implemented on a massively parallel computer. Solid
boundaries and multiple fluids can be introduced in a
straightforward manner and the simulation is done efficiently, regardless of the complexity of the boundary
or interface (Buick et al., 1998). In the case of LatticeGas Cellular Automata (LGCA), there are no numerical stability issues because its evolution follows integer arithmetic. For LBM, numerical accuracy and stability depend on the Mach number (max-speed/speed
of sound). The computational cost of the LGCAs is
lower than that for LBM-based methods. However,
system parametrization (e.g., viscosity) is difficult to
do in LGCA models, and the obtained dynamics is
less realistic than for LBM.
To provide an intuitive modeling of the initial
configuration of the fluid, sketching techniques
can be applied. The first sketch-based modeling
system was Sketchpad launched in 1963 by Ivan
Sutherland (Sutherland, 1964), who wrote ”The
Sketchpad system makes it possible for a man and a
computer to converse rapidly through the medium of

line drawings”. An early approach was to use drawing input as symbolic instructions (Zeleznik et al.,
2006). This method allows a designer access to the
multitude of commands in a modeling interface, and
was well suited to the limitations of early hardware.
As technology has progressed, the evolution of these
approach leads to a system that can interpret a user’s
drawing directly (Varley et al., 2004), a system that
can use shading and tone to give a 2D drawing the
appearance of 3D volume (Williams, 1990), and
a system that can approach 3D modeling from the
perspective of sculpture in which virtual tools are
used to build up a model like clay, or cut it down with
tools like a sculptor (Bærentzen and Christensen,
2002).
The
sketch-based
modeling
systems
SKETCH (Zeleznik et al., 2006) and Teddy (Igarashi
et al., 2007) are examples of how sketches or drawn
gestures can provide a powerful interface for fast geometric modeling. However, the notion of sketching
a motion is less well-defined than that of sketching an
object. Walking motions can be created by drawing
a desired path on the ground plane for the character
to follow, for example. In (Thorne et al., 2004), the
authors present a system for sketching the motion
of a character. Recently, the work of (Schroeder
et al., 2010) proposed a sketch-based system for
creating illustrative visualizations of 2D vector fields.
The work proposed by (Zhu et al., 2011) presents
a sketching system that incorporates a background
fluid simulation for illustrating dynamic fluid systems. It combines sketching, simulation, and control
techniques in one user interface and can produce
illustrations of complex fluid systems in real time.
Users design the structure of the fluid system using
basic sketch operations on a canvas and progressively
edit it to show how flow patterns change. The system
automatically detects and corrects the structural
errors of flow simulation as the user sketches. A
fluid simulation runs constantly in the background to
enhance flow and material distribution in physically
plausible ways.
The Gradient Vector Flow (GVF) method is based
on a parabolic partial different equation (PDE) that
may be derived from a variational problem (Xu and
Prince, 1997). The method was originally proposed
for image processing applications: an initial value
problem derived from image features is associated to
that parabolic PDE (Aubert and Kornprobst, 2002).
The GVF has been applied together with active
contours models (or snakes) for boundary extraction
in medical images segmentation. Snakes are curves
defined within an image domain that can move under
the influence of internal forces within the curve
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itself and external forces derived from the image
data. They are used in computer vision and image
processing applications, particularly to locate object
boundaries.
The key idea of GVF is to use a diffusion-reaction
PDE to generate a new external force field that makes
snake models less sensitive to initialization as well
as improves the snakes ability to move into boundary concavities (Xu and Prince, 1997). Also, there
are results about the global optimality and numerical
analysis of GVF in the context of Sobolev spaces (Xu
and Prince, 1998). In our work we take advantage of
the GVF ability to generate a smooth version of the
original field, that tends to be extended very far from
the paths defined by the user, to get an initial velocity
field constrained to the user sketch.

3

THE LBM METHODOLOGY

In recent years, Lattice Boltzmann Methods (LBM)
have taken the attention of the scientific community,
due to their ease of implementation, extensibility and
computational efficiency. Specifically in computational fluid dynamic, LBM has been applied because
of its ease implementation of boundary conditions
and numerical stability in wide variety of flow conditions with various Reynolds numbers (Chopard et al.,
1998).
The LBM has evolved from the Lattice Gas Cellular Automata (LGCA), which, despite its advantages,
has certain limitations related to their discrete nature:
the rise of noise, which makes necessary the use of
processes involving the calculation of average values, and little flexibility to adjust the physical parameters and initial conditions. The LBM was introduced
by (McNamara and Zanetti, 1988), where the authors
showed the advantage of extending the boolean dynamics of cellular automata to work directly with real
numbers representing probabilities of presence.
In the LBM, the domain of interest is discretized
in a lattice and the fluid is considered as a collection
of particles. These particles move in discrete time
steps, with a velocity pointing along one of the directions of the lattice. Besides, particles collide with
each other and physical quantities of interest associated with the lattice nodes are updated at each time
step. The computation of each node depends on the
properties of itself and the neighboring nodes at the
previous time step (Chopard et al., 1998; Chen and
Doolen, 1998). The dynamics of this method is governed by the Lattice-Boltzmann equation:
fi (~x + ∆x~ci , t + ∆t ) − fi (~x,t) = Ωi ( f ),
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(1)

with i = 1, ..., z, where z is the number of lattice directions. The fi term is a density distribution function, ~x
is the lattice node, ~ci is one of the lattice directions,
∆x is the lattice spacing, ∆t is the time step and Ωi ( f )
is the collision term.
In the work presented in (Higuera et al., 1989),
the authors proposed to linearize the collision term Ωi
around its local equilibrium solution:
1
Ωi ( f ) = −
τ


fi (~x,t) −


,

eq
fi (ρ,~u)

(2)
eq

where τ is the relaxation time scale and fi is the
equilibrium particles distribution that is dependent on
the macroscopic density (ρ) and velocity (~u). The
parameter τ is related to diffusive phenomena in
the problem, in this case with the viscosity of the
fluid (Chen and Doolen, 1998).
The general equation of the equilibrium function
is given by (Chopard et al., 1998):

eq
fi



(~ci ·~u)
(~ci ·~u)2
(~u ·~u)
= ρωi 1 +
+
−
, (3)
c2s
2c4s
2c2s

where ωi are weights and cs is the lattice speed of
sound, which is dependent on the lattice.
There are different Lattice-Boltzmann models for
numerical solutions of various fluid flow scenarios,
where each model has different lattice discretization.
The LBM models are usually denoted as DxQy,
where x and y correspond to the number of dimensions and number of microscopic velocity directions
(~ci ) respectively. In this work, our proposal is to
implement a two-dimensional LBM model, known
as D2Q9, which has 8 possibilities of non-zero
velocities, as shown in Figure 1.
The weights for the D2Q9 LBM model are given

Figure 1: The D2Q9 LBM node, with 8 non-zero velocities.
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by:

4

4
1
1
ω0 = , ω1,3,5,7 = , ω2,4,6,8 = , (4)
9
9
36
where ω0 is related to the rest particle. Replacing (4)
in (3), gives us the equilibrium function for the D2Q9
LBM model:

The Gradient Vector Flow (GVF) field is defined as
the vector field v(x, y) = (u(x, y), v(x, y)) that minimizes the energy functional:




(~ci ·~u) 9 (~ci ·~u)2 3 (~u ·~u)
−
,
= ωi ρ + ρ0 3 2 +
v
2 v4
2 v2
(5)
with i = 0, ..., 8. Our interest relies on the macroscopic scale, where the physical macroscopic quantities seem to show a continuous behavior. Then, the
macroscopic density (ρ) and velocity (~u) are calculated from the respective moments of the density distribution, as follows:
eq
fi

8

ρ(~x,t) =

∑ fi (~x,t),

(6)
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Z Z

ε=

(8)
where F = (F1 (x, y), F2 (x, y)) is a field defined over
the domain of interest. When F is small, the energy
is dominated by partial derivatives of the vector field,
yielding a smooth field. Otherwise, the second term
dominates the integrand, and is minimized by setting
v = F. The parameter µ is a regularization parameter
that should be set according to degree of smoothness
required.
The GVF can be found by solving the associated
Euler-Lagrange equations given by:

i=0

µ∇2 u − (u − F1 )(F12 + F22 ) = 0

8

1
~u(~x,t) =
∑ fi (~x,t)~ci .
ρ(~x,t) i=0

[µ(u2x + u2y + v2x + v2y ) + |F|2 |v − F|2 ]dxdy

2

µ∇

(7)

To compute the evolution of the simulation it is
need to define an initial configuration for the LBM
nodes such as the boundary condition. The initial condition is defined for all the LBM nodes using the equilibrium function given by expression (5). To do so, it
is necessary to set an initial value for the macroscopic
quantities (density and velocity). As will be explained
in section 6, the proposal of this work is to use a velocity field computed by GVF as initial condition to
LBM.
Different types of boundaries have been introduced in the field of hydrodynamics for the LBM.
Bounce-back is the simplest one, where boundary
nodes are placed halfway between the lattice nodes.
When the particles propagate to the boundary nodes,
they just bounce back along the direction they came
from. Due to its simplicity, this method does not
properly determine the velocity and density value for
these boundary nodes. An incorrect density or velocity value at the boundary nodes can eventually cause a
negative density value at local lattice points, and this
error can then accumulate along the simulation.
We implemented the boundary conditions based
on the work of (Zou and He, 1997), where the authors
proposed a way to specify density or velocity at the
boundary nodes, based on the idea of bounce-back of
the nonequilibrium distribution. To do so, we had to
take care of two kinds of boundary conditions: the
nodes that lie in the wall and the nodes that lie in the
corner of the lattice. In this approach, the boundary is
part of the simulation domain and a regular collision
is applied on boundary nodes.

v − (v − F2 )(F12 + F22 ) = 0

(9)
(10)

where ∇2

is the Laplacian operator. Equations (9) and
(10) can be solved by treating u and v as functions of
time t and solving:
ut (x, y,t) = µ∇2 u(x, y,t) − (u(x, y,t) − F1 (x, y))
·(F12 + F22 ) (11)
vt (x, y,t) = µ∇2 v(x, y,t) − (v(x, y,t) − F2 (x, y))
·(F12 + F22 ) (12)
subject to some initial condition v(x, y, 0) = v0 (x, y).
The steady-state solution (as t → ∞) of these parabolic
equations is the desired solution of the EulerLagrange equations (9) and (10). These are reactiondiffusion equations and are known to arise in areas
as heat conduction, reactor physics, and fluid flow.
The field obtained by solving the above equation is
a smooth and extended version of the original one.

5

SKETCH-BASED MODELING

The Sketch-Based Modeling (SBM) is a computational research area that focus on intuitive simplified
modeling techniques. It is based on the sketch process
made by traditional artist. Basically, the sketch-based
modeling program has to provide a comfortable and
intuitive environment where the artist can freely draw
his object. Then, using the sketch as an input, the program must interpret the data and find an approximate
representation (Cook and Agah, 2009).
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The sketch process starts with the drawing done
by the user through some input device (for example,
mouse, tablet or touch screen). This drawing is then
sampled and stored with some information such as
position, velocity, pressure, among others. The type
of information that can be stored depends on the device being used. For example, some devices provide
pressure information, multiple touches or slope of the
pen. Another device-dependent aspect is the sample frequency, which determines the sample distribution (Cruz and Velho, 2010).
The goal of a sketch-based modeling program is
to model the object intended by the user, not necessarily what was drawn on the input device. One issue
with this type of system occurs when the user does
not have much ability to design or handling the device. In this case, the tracing performed may be inaccurate. Another common issue is the noise from
the device, which comes from an inaccurate drawing
capture. Due to the presence of noise, it is common
to perform a filtering of sampled data. Another feature is to perform a fitting of the data for a convenient
curve (Cruz and Velho, 2010).
The data are stored as a sequence of points, T =
{p1 , ..., pn }, where n is the number of samples and
pi = (xi , yi ,ti ) indicates the position (xi , yi ) and instant ti each point was sampled. If the data acquisition device captures more information, the point can
be thought of as (x1 , ..., xk ), where each element represents an attribute of the point. Besides the attributes
captured, it is also possible to calculate a few others,
such as velocity and acceleration. All this information
can be useful to add features to the model.
The points are conveniently grouped together to
build a two-dimensional model to which the system
must infer some meaning. This model is called the
sketch. The sketch can be used both for creating and
editing of 3D graphic object being modeled, such as
to control. In the latter case the application decides
which task to perform, according to the interpretation of the sketch. This is known as sketch of gesture (Thorne et al., 2004).

6

PROPOSED METHOD

For modeling a fluid through LBM we need to discretize the domain, set the initial and boundary conditions and then to apply the local rule of evolution. However, in the field of animation, it is common to generate scenes from advanced states of fluid
dynamics generated through fluid simulation techniques. The initialization of the simulation is a fundamental step.
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The main goal of this work is primarily concerned
with how to take drawing input from the user and convert it into an initial fluid configuration. We claim
that such task can be implemented through an intuitive framework for fluid modeling using sketching
techniques and GVF. From the viewpoint of computer
graphics applications we need an efficient way to get
user actions, convert then into a model and to visualize the model simulation.
In the case of fluid dynamics the sketching of the
initial configuration is much more complex because
there are too many degrees of freedom to consider.
However, in terms of high level features, the initialization of the LBM simulation can be performed through
the initial velocity field and convenient boundary conditions that define the fluid behavior nearby the frontiers of the domain.
In this work the main focus is a sketch based
framework to define the initial velocity field of the
fluid. In this way, streamlines are very intuitive fluid
features that can be mathematically defined by the initial value problem:
dx
= v (x) , x (0) = P0 ,
(13)
dt
where v, is the velocity field. The solution of this
problem for a set of initial conditions gives a set of
(integral) curves which can be interpreted as the trajectory of massless particles upon the flow defined by
the velocity field.
Obviously the application of the mathematical
definition above only works if we know the velocity field which is exactly the target of our framework.
However, the streamline concept can be used as a
guide in the process of taking input drawings from the
user and to convert them into a model. Specifically,
once defined the boundaries of the fluid domain, the
user must draw a set of paths by moving the mouse
cursor that the system translates as streamlines. So,
the tangent field over these paths will be used to set
up the GVF computation in order to get the initial velocity field.
The user paths are translated as streamlines of
the fluid and the corresponding tangent vector field
is computed. The tangent field computation can be
performed by fitting a spline model to each user path
or simply by taking a sequence of points p1 , p2 , ..., pk
over the path and computing the vectors vi = αi ·
(pi − pi−1 ), i = 2, 3, ..., k, where αi is a scale factor
specified by the user in order to control the velocity field intensity over the streamline. A smoothed
version of the tangent field over these paths (convolution with a Gaussian kernel) gives the field F =
(F1 (x, y), F2 (x, y)) in expressions (11)-(12) and the
initial condition v0 of the GVF.
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Then, the solution of GVF equations generates the
initial velocity field that we need to set up the LBM
simulation through the equilibrium function given by
expression (5).
To implement this idea, we shall provide an user
interface that allows free interaction for the user, as
we can see in Figure 2. In this figure we show a drawing canvas aligned with the computer screen which
is used to define the fluid domain. The + and - buttons allow the user to change the domain resolution.
The SKETCH button makes possible for the user to
freely draw the sketching over the domain, using the
mouse. The HOLES button allows setting hole regions into the fluid domain, which shall not be affected by the fluid simulation model. The GVF button
takes the collection of points given by the sketch and
then compute the tangent field. After that, the tangent
field is used as input to the GVF method, which finally gives the initial velocity field that will be used as
input to the LBM. Finally, the RUN and RESET buttons control the simulation. The framework was developed using the C/C++ programming language with
the OpenGL library for the visualization.
For example, Figure 3(a) illustrates a sketching
made by the user in a 100 × 100 grid, with a hole inside the canvas defining a multiply connected domain.
The interface must interpret the user’s input and translates all the information to a fluid simulation model,
which shall recreate a visual state constrained to the
sketch. In this way, Figure 3(b) shows the tangent
field calculated along the sketching path, Figure 3(c)

Figure 3: (a) Example of sketching made by the user. (b)
The tangent field. (c) The initial velocity field given by the
GVF. (d) The LBM initialization through the field in (c).

shows the velocity field given by the GVF using as input the tangent field and respecting the multiply connected domain. Finally, Figure 3(d) shows the initialization of the LBM using the GVF as initial condition.
Such framework can be applied for 3D simulations because all its basic components (GVF, LBM,
streamlines) are applied for three dimensional fields
without extra machinery.

7

Figure 2: The graphical user interface of the proposed
framework.

RESULTS

In section 6 we explained our proposal for combining
sketch-based techniques and Gradient Vector Flow
for Lattice-Boltzmann initialization. This sections
presents some examples of fluid flows achieved by
our framework. For the results explained below the
dimension of the grid is 100 × 100.
The LBM initialization is given by the equilibrium
function defined in expression (5), which depends on
the macroscopic quantities density and velocity. The
initial macroscopic velocity field is given by the GVF
method. The initial macroscopic density field is defined as ρ = 1.0. The experiments were performed
with an Intel Core 2 Quad 3.0 GHz, with 4 GB of
RAM and a Video Card NVidia GeForce 9800 GTX,
running Windows XP. The pictures in this article were
obtained through the implemented framework.
The first example defines a horizontal flow from
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Figure 4: Example 1: horizontal flow from left to right with
a hole. (a) The sketching. (b) The tangent field. (c) The
initial velocity field given by the GVF. (d) The LBM initialization through the field in (c).

Figure 5: Example 1: the evolution of the fluid simulation.
The sequence (a)-(d) shows four instants of the LBM simulation, which was initialized using Figure 4(d) as initial
velocity condition.

left to right, with a hole in the domain. This example shows a traditional 2D simulation of a flow past a
cylinder.
Figure 4(a) shows the sketching made by the user.
In Figure 4(b) we can see the tangent field calculated
through the sketching information. Once we have the
tangent field, the application is able to calculate the
GVF, shown in Figure 4(c).
Finally, the LBM is initialized using the GVF information as input, shown in Figure 4(d). In this case,
we expect some symmetry for the fields due to the
physics and geometry behind the fluid evolution. In
fact, we observe this property in the GVF result. The
Figure 5(a)-(d) illustrates four instants of the LBM
simulation for this example.
The next example illustrates a flow that happens
in the animation of a gas jet interacting with a solid
object. The sketching for this case is just a straight
line as shown in Figure 6(a). In Figure 6(b) we can
see the tangent field calculated through the sketching
information.
Once we have the tangent field, the application is
able to calculate the gradient vector flow, shown in
Figure 6(c). Finally, the LBM is initialized using the
GVF information as input, shown in Figure 6(d). We
can observe that the result of the gradient vector flow
gives the main stream of the jet, which is picture on
Figure 6(c).
After computing all these initial fields, we now

are able to simulate the fluid which shall respect
our sketching. Figure 7(a)-(d) illustrates four instants of the evolution of the fluid simulation through
LBM. We can observe that the LBM simulation can
reproduce the expected vortices in the surrounding
medium.
In the above examples the obstacles within the
fluid domain are fixed regions, where the velocity
field must be null. This is done automatically by
the system, through the mapping of the corresponding
LBM nodes. All these nodes are defined as a boundary node.
Finally, the following example explores also the
flow past a cylinder starting from a sketching that is
a simplification of the flow shown in Figure 8. The
source of this figure is the work of (Schroeder et al.,
2010), which presents a sketch-based system to create illustrative visualizations of 2D vector fields. This
figure pictures the illustrative visualizations of a snapshot of the flow when setting the Reynolds number to
100.
Our final example tries to simulate this behavior
through a simplified sketching. The Figure 9 pictures
a sketch of that flow representing a simplified version
of it, done through our framework. The Figure 10
shows the evolution of the simulation. We can observe that through a simplified sketching it is possible
to achieve approximate behaviors of complex flows.
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Figure 8: An illustrative flow past a cylinder with Reynolds
number 100. (Source: (Schroeder et al., 2010))

Figure 6: Example 2: flow of a gas with a solid object. (a)
The sketching. (b) The tangent field. (c) The initial velocity
field given by the GVF. (d) The LBM initialization through
the field in (c).

Figure 9: A simplified version of the Figure 8.

Figure 7: Example 2: the evolution of the fluid simulation.
The sequence (a)-(d) shows four instants of the LBM simulation, which was initialized using Figure 6(d) as initial
velocity condition.

8

CONCLUSIONS

In this work we presented a sketch-based system that
allows an intuitive fluid flow initialization for com-

puter graphics applications. We proposed a combination of sketching techniques with the Gradient Vector Flow method to obtain a smooth initialization for
the simulation. The fluid simulation is done using a
two-dimensional Lattice Boltzmann Method (LBM).
With the sketching techniques the system enables the
user to draw freely the initial state of the fluid flow
using an intuitive interface. The results section illustrates some classical examples of fluid flow simulated
through our system. We observed that it was able to
simulate some complex flows through simple initial
drawing.
A future direction for this work is to improve the
drawing process. Expected symmetries compose also
other point that our proposal must consider. For example, in the 2D simulation of a flow past a cylinder
the animator is free to sketch a configuration which
does not have the symmetry observed in NavierStokes simulations of incompressible flows with noslip boundary conditions. Our system must check
such problem and warn the user or automatically fix
it. The user is free to place the streamlines in any configuration he has in mind. But, the user may sketch
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Figure 10: Example 3: the evolution of the fluid simulation.

unstable configurations that changes too fast without
adding extra machinery to the fluid flow model. This
may be an undesirable behavior depending on the animator goals. Moreover, we want to combine image
processing techniques, so that we can use as input
some photos of fluid flows and extract from them a
potencial initial velocity field for the GVF method.
Another future direction of the proposed work is
to extend the two-dimensional approach to a threedimensional one. Such framework can be applied
for 3D simulations because all its basic components (GVF, LBM, streamlines) are applied for threedimensional fields without extra machinery.
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