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ABSTRACT

In this paper, we propose a simple interface for novices to
design the shape of 2D fluid intuitively through direct ma-
nipulation, where parameters of fluid simulation are speci-
fied with hand motions to be captured. Recognizing specific
hand motions as hand gesture commands allows the users
to control the dynamics of 2D fluid at will, without detailed
knowledge of fluid simulation.

1. INTRODUCTION

In recent video production, non-photorealistic fluid has been
frequently used, where it is required not only to maintain
fluid likeness, but also to control the fluid behavior as ex-
pected. The reality and controllability of fluid should be
balanced carefully in visual simulation of fluid.

One of the approaches to fluid simulation is particle-based,
which assumes that fluid is a set of particles, gives the phys-
ical quantity to each particle as a mass point, and moves
the particles according to the governing equation. There
are various parameters for particle-based fluid simulation.
Since several kinds of control particles are used for fluid
control, parameters for handling each control particle are
also required. However, without underlying knowledge and
rich expertise, it is difficult to adjust these parameters ap-
propriately.

In this work, we propose a simple interface to design the
shape of 2D fluid intuitively through direct manipulation,
where parameters of fluid simulation are specified with hand
motions to be captured by Leap Motion. Recognized spe-
cific hand gesture commands allow the users to control the
dynamics of 2D fluid without detailed knowledge of fluid
simulation. Our final goal is to develop a system that allows
even novices to design their own fluid shape at will thanks
to such direct manipulation.

The remaining sections of this paper are organized as fol-
lows. We introduce several related works in Section 2. Af-
ter giving an overview of our approach in Section 3, we de-
scribe how to recognize hand gesture commands in Section
4 and how to perform fluid simulation in accordance with
them in Section 5. In Section 6, we show the implementa-

tion details and preliminary execution results. Finally, we
conclude the paper with a few remarks on future work in
Section 7.

2. RELATED WORK

There are a number of known methods for fluid simula-
tion. As an Eulerian approach, grid-based methods divide
the simulation space by a grid and compute the physical
quantities on the grid. On the other hand, as a Lagrangian
approach, particle-based methods assume that fluid is a set
of particles and take mass point for each of the particles.
The particle-based methods are suitable for real-time appli-
cations because they have a limited realism but are relatively
fast compared to the grid-based methods. Representative
particle methods include SPH (Smoothed Particle Hydrody-
namics) method and MPS (Moving Particle Semi-implicit)
method. The difference between the SPH and the MPS lies
in the way how to calculate the fluid pressure. The MPS
method, which implicitly calculates the pressure, can simu-
late non-compressible fluid, but its calculation is relatively
slow when compared to the SPH method. The SPH method
simulates weak compression of fluid, but its computation
is fast and realizes real-time fluid simulation. Because we
aimed at an interactive system, it is necessary to use real-
time fluid simulation that reflects the user’s intention imme-
diately. Thus, we prefer the SPH method [1].

In this section, we clarify the contributions of this paper by
citing a few research attempts at fluid control. Thurey et
al. [3] proposed a method for fluid control using control
particles. In this method, control particles have the physical
quantities but behave independently from the fluid particles.
The method allows a user to freely move the control parti-
cles, which clothe themselves in the fluid particles. Zhang et
al. [4] proposed a method to relate hand motions with con-
trol particles representing the mesh models and bone mod-
els.

In the work by Zhang et al. [4], all of the fluid shape changes
are pre-determined by the input motion data. In our system,
the user is allowed to control 2D fluid on the fly. In accor-
dance with the intermediate result, he/she may specify the
next fluid control. Such interactive fluid control can differ-
entiate our system from the related work.



There also exist researches on fluid control systems by
sketches. Ueda et al. [4] simulate blood flows on the sur-
face of skin model along the user’s sketch. Pan et al. [5]
control the flow by specifying a keyframe and sketching for
fluid simulation. Our system can model fluid such as shape
control, and set the framework of fluid simulation such as
configuring the range to be controlled.

Xu et al. [6] proposed a system to automatically generate
2D marbling. Our system could be used for generating sim-
ilar textures.

Fluid simulation can be performed with computer graphics
software such as blender [7]. When producing animations
by fluid simulation with such a software, it takes a great deal
of steps for parameter settings. However, even a single ges-
ture command can be related to multiple parameter settings
in our system. As a result, animation by fluid simulation
can be produced with a relatively small number of steps.

3. APPROACH

Figure 1 shows the processing loop with our system. Hand
motion data is acquired by Leap Motion and interpreted as
a gesture command, which is classified into either of seven
types. Then the system simulates the fluid behavior accord-
ing to the gesture command. By projecting the 3D hands
onto the 2D plane, they are being displayed over the sim-
ulated fluid. Figure 3 shows a snapshot of our system in

actual use.
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Figure 1: Processing loop with our system
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Figure 2: Our system in actual use

Table 1 gives the list of gesture commands that can be inter-
preted by our system. The hand motion data is recognized
based on the combination of up-and-down movements of
the ten fingers in 3D. Primary controls are given by left hand
motions, while those controls can be assisted with left hand
motions. In a case that a gesture command needs more than
one specific motion data, the selection of the final gesture
command is determined by the left hand.

Table 1: Gesture command list. Right arrows indicate
the state transition between the consecutive gesture com-
mands

No | Command name Left hand Righthand | Command semantics

1 Touching fluid Touching fluid ON, OFF

Reset the execution state of the
command and return to initial
condition

J
2 | Reset @

Drawing control particles
on the trajectory of index finger tip

3 | Fluid shape control - - -
@ Deforming fluid to the trajectory-

shaped fluid

Generating flow on control particles.
4 | Generating flow 2 — §

Specifying range of fluid particles or
the control particles by the trajectory of
index finger tip

Change flow speed by moving right
”ﬂ

5 | Range specification

hand
@ Specitying particles inside the range

6 | Scaling fluid shape 4 - \\” Specifying fluid shape inside the range

Adjusting viscosity
by interval of the index finger and

7 | Viscosity control 'Q
= thumb




The gesture command is identified from the vertical move-
ment of each finger. The center of the palm and the position
of each finger tip are found from the motion of both hands
with their 3D positions. From these positions, a vector in
the direction the hand is pointing from the palm and a vector
vertically downward from the palm are calculated. Vertical
movement of each finger is determined by the inner prod-
ucts of the vector from the center of the palm to each finger
tip and the above two reference vectors.

Figure 3: Recognition of right hand index finger

4. DIRECT FLUID CONTROL

We leverage the SPH method in order to simulate the fluid
behavior. By solving the pressure of the governing equation
explicitly, the resuting fluid becomes weakly compressible,
and thus making the fluid simulation faster. Navier-Stokes
equation is used as the governing equation of fluid:

P% — fpressure | Fviscosity + pg + Fexternals7 (1)

where v denotes the particle velocity. Navier-Stokes equa-
tion consists of pressure term, viscous term, gravity, and ex-
ternal force term. The external force term is used for fluid
control of our method.

The following sections describe the control of the fluid
simulation in accordance with the gesture commands.

4.1. FLUID SHAPE CONTROL

The fluid shape control relies on the method by Thurey et
al. [3], which controls the fluid by the control particles.
Any fluid shape can be drawn by attracting the fluid parti-
cles to the corresponding control particles. The attraction to
control particles is incorporated into the external force term
of Equation (1). For any particle ¢, the summation of attrac-
tion forces to all the control particles is represented by the
following equation:

re.
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where C; denotes the set of control particles for fluid par-
ticle ¢, w a coefficient which acts as attraction when it is
positive, and repulsive force otherwise, and a.; is the scale
factor of attraction for control particle c;:

ae; =1 —min(1, Z ViW (re;, — i, h)), 3)

where V; denotes the volume of fluid particles. The density
of fluid particles that are attracted to control particles is ad-
justed to be uniform by the scale factor.

The gesture command is activated by raising only the right
index finger, and then the control particles are drawn in ac-
cordance with the position of the moving right index finger
tip, as shown in Figure 4. The fluid is deformed along the
trajectory of the right index finger tip. After drawing of the
control particles, attraction to the control particles acts on
the fluid while clenching the left hand.
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(a) Drawing the control particles (b) Deforming fluid along the con-

(red) trol particles

Figure 4: Fluid shape control by control particles

4.2. GENERATING FLOW

Flow field is generated simultaneously with interpretation of
the gesture command for fluid shape control. The trajectory
of the right index finger tip derives the flow field. Flow field
is generated because the scale factor of Equation (3) makes
the density of fluid particles around control particles uni-
form without sustaining attraction to the terminating control
particles. Also, the velocity of flow field corresponds to the
motion data, and changes the particle velocity of Equation

(D).

The fluid, deformed by the gesture command of the fluid
shape control in Section 4.1, induces the flow field by rais-
ing the right index and middle fingers, as shown in Figure 5.
The velocity of the flow corresponds to the speed of moving
the two fingers.
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Figure 5: Generating flow on the control particles

4.3. RANGE SPECIFICATION

Range specification is performed either to the fluid particles
or to the control particles. The fluid particles are selected by
the motion raising the left index finger and thumb while the
control particles are selected by raising the left index finger,
middle finger and thumb. Inside or outside of the range can
be determined by the Winding Number algorithm. Range
specification starts with raising the right index finger, and
then the particles in the range surrounded by the trajectory
of the right index finger tip are specified by clenching the
left hand. Figure 6 shows the result of range specification to
the fluid particles. Only the specified fluid particles are sub-
ject to the gesture command of fluid shape control whereas
the other particles are not affected by the attractive force.

A |

(a) Specifying range of fluid parti- (b) Shape control of only specified
cles (green) particles

Figure 6: Range specification for fluid particles

4.4. SCALING FLUID SHAPE

Scaling fluid shape acts to control the particles that are spec-
ified by the gesture command of range specification. The in-
terval of the specified control particles can be narrowed by
raising the right index finger and middle finger while raising
the right thumb. If the interval of control particles is below
a pre-determined value, the interval spreads. The interval of
control particles can be set arbitrarily because this gesture
command can be stopped by raising all the right fingers.
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4.5. VISCOSITY CONTROL

Viscosity of the fluid can be controlled globally. The vis-
cosity coefficient in the governing equation decides the mo-
tion data. Viscosity control is activated by putting together
the right index finger tip and the right thumb tip. After the
maximum value of the viscosity coefficient was set by the
motion putting together these two fingers, the viscosity co-
efficient can be adjusted by the interval length. Figure 7
compares the two fluids whose viscosity values are adjusted
by this command.
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(a) Splash of low viscosity fluid (b) Splash of high viscosity fluid

Figure 7: Global viscosity control

4.6. TOUCHING FLUID

Collision detection of the hands with the fluid can be con-
trolled by a specific gesture command, which is activated by
putting together all the right fingers except thumb. Touch-
ing fluid is realized by placing the fluid particles along the
handprint displayed on the 2D place.

In addition to the control of fluid behavior through the ges-
ture commands, it is possible to guide the control through

giving a direct touch feedback of the fluid. Figure 8 shows
the collision between the right hand and the fluid.

N

Figure 8: Collision between the right hand and the fluid
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(a) Control particles in a heart shape (b) Specifying control particles
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(¢) Fluid ball (d) Deforming to heart shape

Figure 9: Composite operation example: Deforming the fluid ball to heart shape

5. IMPLEMENTATION AND RESULTS

The system is running in real-time with 600 particles on a
standard PC (CPU: Intel Core i7-5500U 2.40GHz, RAM:
8.00GB). Fluid mixing effect can be visualized by the use
of colored particles which are initially placed in a horizontal
stripe fashion.

We deformed a fluid ball into a heart-shape by a sequence
of gesture commands, as shown in Figure 9. The initial
fluid ball was generated in the following way: control par-
ticles, originally arranged to the shape of a heart by fluid
shape control (Figure 9(a)), were specified (Figure 9(b)) and
brought closer to each other by scaling fluid shape. Then, by
expanding the fluid ball (Figure 9(c)), deforming the fluid to
the heart shape (Figure 9(d)) can be animated.

6. ONGOING ISSUES

Rendering issue remains as a future work. Even in 2D, gen-
erating realistic appearance of fluid similar to water is the
vital element for enriching video works.

When considering a 3D extension, the present direct manip-
ulation would be expected to become more beneficial for
intuitive and on-the-fly modeling of fluid shape. Current
extension of our system to 3D is shown in Figure 10.
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Figure 10: A sample scene of 3D extension
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