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Abstract : A procedural model is presented in this paper for generating water in the stereo animation. Here
the emphasis is not on a realistic water animation, but a stylistic representation of the water as used in cartoun.
In this modeling approach, hand-drawn water series are decomposed into siationary and moving components to
abstract static and dynamic struciures associated with water forms. Based on those structures, a hierarchical
framework is constructed to generate 2D animation series that match those hand-drawn series. The model offers
flexible control over the structure, shape, color, timing etc in a sequence of water effects to produce some other
cartoon effects such as water jet by adding an additional level in the hierarchical framework. A significant contri-
bution of this work is the extension of cartoon water effects to 3D, thus stereo cartoon water animations can be
generated with ease in the CAVE by use of the depth information in the 31) cartoon water model.
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In cartoon animation, animated effects like water, fire and rain etc simulate our environment in a stylized
manner to add realism, drama and atmosphere to the animation, and thus they are the unportant elements for an
animator to master. For a large-scale and high quality production, it requires highly skilled professional effects ani-
mators to accomplish the task, which means a high cost in a high wage economy. With the usual limitations on
time and budget, effects drawings are often made cycles and this means repeated cycles are required for the length
of time. Because of this. the effects usually look mechanical.

In the past two decades, methods for representing 3D water surfaces, ocean waves . waterfalls have been stud-
ied by many workers. Whitted animated realistic reflections from ripples in a small pool by using ray tracing.
The ripple were created by bump mapping the flat pool surface, perturbing the surface normat aceording to a single
sinusoidal function. Perlin has used bump mapping with a richer texture map to convincingly simulate the appear-
ance of the ocean surface as one might see it from an aircraft well out to the sea. I Max used a “height field” algo-

rithm to render explicitly modeled wave surfaces for his film “Carla’s Island”.'"" His wave model consisted of
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several superimposed linear sinuscidal waves simulating ocean weves of low amplitude. Peachey presented a maodel
of ocean waves which is capable of simulating the appearance and behavior of waves as they approach a slopping
beach, steepening, breaking, and producing a spray of water droplets from the crests of the waves. 'Y/ Based on the

(51, or Rankine, model where particles of water describe cireular or elliptical stationary orbits, Fournier

Gerstner
used a parametric surface to model the ocean surface™ including the effects of depth such as refraction and surf,
and some of the effects of wind. In Ref. [7], Mastin of al. used a model based on the work of Pierson and
Moskowitz who used wind-driven sea spectra, derived from observed data, to deseribe the motion of deep ocean
waves in fully developed wind seas. Wave animation is invoked by manipulating the phase of the Fourier transform-
. Sims develuped some general tools for animating and rendering particle systems that permit both kinematic and
dynamic control of particles. They are used to create effects such as wind, snow. waterfzll and fire. ¥ Mallinder
presented a method of implicitly storing particles. and illustrates its use with the modeling of larger waterfalls. '?!
Xu et al. simulated flowing water and waves based on a physical approach. '™ All of efforts mentioned above,
however, focused on realistic representation of the phenomena and relatively little time has been spent in modeling
the appearance of cartoon water effects, to say nothing of generating stereo cartoon water animations.

The difficulties we encannter in madeling the cartoon water are as follows ;

1. The actions of the cartoon water involve random components thus causing discontinuity of features across

(117 rely on some degree of continuity in both

more than a few frames, while automatic methods for in-betweening
geometry and time, therefure, these automatic methods will fail ucerly in such cases.

2. Cartoon water effects are 2D stylized drawings by the animator, therefore they are difficult to be presented
by particles and there is no physical knowledge available to help us to build the model.

Nevertheless . there are several properties common to all cartoon effects. The most salient one is that all they
are stylized representation of natural phenomena, thus their movements are consistent and predictable. It is possi-
ble for us to find cut the underlying model to create the effects procedurally. Models for dealing with the cartoon
fire and smoke, for instance, have been proposed by us. 1219

In thiz paper we present a model capable of reproducing the cartoon water in a 312 scene. The stereo cartoon
water series can be created by running the model in real-time in the CAVE, thus we explore a new world-stereo
cartoon animation,

In the following sections, we first describe how to decompose animator’s hand drawings into different compo-
nents from which we can abstract the static and dynamie structures of thosc drawings. Then, we construct the car-
toon water model through synthetic computational means based on above decomposition. Finally, we describe how

to reconstruct the 3D cartoon water model with which we are able 10 generate stereo carioon water animations. Si-

multaneously, some examples are given in the paper.
1 Hand Drawn Carteon Water

In this section we begin with tracing the animator’s drawing process and censtruct our medel using the infor-
mation abstracted from the decomposition of the hand-drawn cartoon water series.

In the studio, the effect of flowing water for instance can be created by first establishing a plain background
color for the water and then animating a series of shapes across it to simulate the feeling of movement we get when
we watch a running stream. The shape can be abstract, stylized, or realistic (In contrast with photo-realistic rep-
resentation, all cartoun representations can be regarded as the stylized which however can be classified further into
the abstract, stylized, or realistic by the animator). Whatever shapes are sclected, they should flow in a consistent
way, following the chosen path of action. If the water action is more violent than a simple flowing movement . the

animator can add another level of animation. depicting white caps at the top of the waves. Figure 1 shows two
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frames of different flowing water shapes drawn by the animator(®®!, the first can be regarded as the realistic one

and the second stylized one.

Fig.1 Hand painted cartoon water
In this paper we focus on developing a flowing water model synthesizing the second drawing in Fig. 1. In light
of proceeding description, we decompose the hand drawing into the following components in terms of stationary
parts such as path boundary curves and moving parts such as water shapes, caps and foam, which all put together
can be expressed by the following hierarchical structure:
Model—Boundary curve—>Water shapes—+Caps—+Foam

The detailed implementation of the model will be given in the next section.
2 Implementation Framework

2.1 Boundary curves

Boundary curves are drawn to confine the path of the running water according to the scene, thus in our model
we require the users to specify a few control points defining the main shape of the path which are interpolated by
splines to get LeftBD; and RightBD,;(i=1,...,BdN) to draw the curves as shown in Fig. 2, where BdN is the
number of points contained in two curves, respectively. With the index assigned in the two arrays we can define
the reference direction of the flowing water. The number of interpolated points between the two successive control
points is determined that it should be sufficient to ensure the motion continuity of horizontal waves, because the
movements of the horizontal waves are represented by the displacement between two successive interpolated points

on the boundary curves.

LeftBD.wig

RightBDi.wLG
LefiBD;

RightBD,
LefiBD;

nghtBD +WLG

Fig.2 Boundary curves and water shapes
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2.2 Water shapes

Water shapes span in series the warer path. The distance berween two successive water shapes is defined by
WLG, which is a number to count certain points contained, say, between LeftBD; and LeftBD;+WLG. Provided
with BN and WILG, the number of water shapes contained along the warer path can be simply obtained by
HrzN=BdN/WILG.

In designing individual water shape, we first take LeftBD; and RightBDi{i=1,... ,HrzN) as extremes, then
introduce two intermediate points InP, and [nP,;(Fig. 2) by the following formulae:

InP,;— LeftBD+u, (RightBD; — Le ft BD, ) 4-rnd (- )V (InF)
InP,,=1LeftBD;+u, (RightBD: — LeftBD;) +rnd (# )V (InP)
where w, and u; are positional parameters which together with random veriables of variance V(InP) would make a
wary line. Finally, we interpolate those four points., LeftBD,, inP,,, InP,, and RightBD; with splines to get
HreWV,;, (i=1,...,HrzN, j=1,... ,HrzM) that draw the water shape, where HrzM is the number of points
contained in the interpolated curve.
2.3 Caps

Modeling of each white cap at the top of water shapes involves two parts. One part is concerned with the front
shape of the eap, which can be generated by the following steps:

1. Set j=1.

2. Generate a positional parameter p varying randomly between [0, 25,0. 55] (The magnitude of p is deter-
mined through experiment).

3. Interpolate Hr=WV,  and Hr2WV, ., linearly with above p to get a control point CapCP;.

1. Increase index j and repeat above two steps to generate the successive control point #FCapCPFjy, until j
reaches HrzM.

5. Interpolate FCapCP, ,(j=1,... ,HrzM» with a spline to get FCap; x(k=1,... ,FCapN) (where FCapN
is the number of interpolated points) that draws the {inal front boundary line of the cap.

The other part is concerned with the back shape of the cap which is depicted readily by the water shape
HraWV, 5 G=14... HrzM). The complete contour of the ith cap Cap,..(I=1,... ,CapN) can be derived by ap-
pending FCap, i(k=1,... FCapN) to HrzWV, ;(j=1,...HrzM) where CapN =FCapN + HrzM and all caps
can be generated by varying index 7 irom I to NrzN.

2.4 Foam

Foam can be represented by smell circles with variations in size and distributed surrounding the contour of the

white caps with a simple model.
2.5 Structure of the model
The structure of the model can be expressed as follows,
1. Initialize the model by specifying the following parameters .
{a) BdN, number of points contained in two boundary curves;
(b} HrzM . number of points contained in water shapes;
(c) WLG, distance between water shapes;
(d) Spd, moving speed of horizontal waves, where |Spd| is the distance covered by Spd points on the
boundary curve;
(e) HreN=RBdN/WLG, number of water shapes.
2. Specify two scts of control points;

3. Interpolate control points to generate two boundary curves LeftBD.,RightBD;, i=1,... sBdN.
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For each frame ¢.
1. Generate water shapes HrzWV, ;(¢) =HrzWV 4,. spa.,-
2. Generate caps Cap,,,(t).
3. Distribute foam.

End (of each frame).

3 Coloring

In comparison with shape, color is less important for the water movement. This is true when we see early
black and white animation. Even line drawn sequences by themselves can produce the illusion of movements. But
coloring does improve the visual quality of the animation. One way to color water is using a plain color such as
light blue to fill water area, dark blue to water shapes, white color to draw caps and the result as shown in Fig. 3
seems satisfactory. In this example some textures are added between water shapes according to a simple model,
which makes the resultant images look more close to its hand drawn counter part (the second drawing in Fig. 1).
An alternative method to color water is using gradient color varying from light to dark blue to fill the area sur-
rounded by two adjacent water shapes and boundary curves in which case we discard textures between the water
shapes and get a variant of flowing water derived {rom the same model (Fig. 4). Furthermore, effects such as sun

rise and sunset can be simulated by simply changing the colors of flowing water over time ¢.

Fig. 3. Cartoon water with plain color Fig. 4. Cartoon water with gradient color
4 Reconstruction of the Model in 3D

Since our model is derived from 2D drawings, it is naturally able to recreate 2D cartoon water effects (Fig. 3).
In order to generate stereo animations, it is necessary for us to reconstruct the model in 3D. We first map control
points of the two boundary curves in the existing 2D model to 3D world coordinates using

=z, y=0, =y,

where r, y denote 2D coordinates and ', ', z' denote 3D world coordinates respectively. Next, we move those
control points, on the X' —Z’ plane in the world coordinates to tune the shape of the boundary curves according to
the scene. Provided with the 3D coordinates of the control points, we are able to calculate the third dimension of
other parts such as water shapes, caps etc according to its internal hierarchical structure with ease. As a result, we
achieve 3D cartoon water animation, as shown in Fig. 5, a strip of 6 frames sampled from our 3D water animation
of 170 frames, and from which we can see that our 3D cartoon water animation allows arbitrary movement of the

virtual camera. The animated effect looks correct when we play back water series generated by our model.
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Fig. 5 A strip of 6 frames of 3D flowing water
Now that the model is reconstructed in 3D, we can create the stereo cartoon water animations in the CAVE
with great ease using the depth information provided by the 3D model because our model is simple in the structure

and can be run in the real-time.
§ Conclusions

In this paper we presented the result of research dealing with cartoon water based on hand drawing process.
Our work shows that this modeling approach is a powerful paradigm for hand-painted image synthesis. because we
capture the essential quality of the cartoon water motion constrained by hand drawing along, say, how different
parts of the drawing are distributed in time and space.

Our hierarchical model allows flexible controls over shape,
color, timing efc in a sequence of water effects, thus can be used
directly for generating flowing water, including waterfalls, run
ning taps, moving streams and rivers, procedurally. Moreover,
the model is extensible by use of additional levels to generate some
other cartoon effects such as water jet (Fig. 6). Actually the water
jet resembles very much the flowing water in structure composed
of boundary curves, water shapes and drops. In addition to water
moving along the parabola, the water jet may animate itself, such

as the jet coming from the nozzle held by a fireman. This can be

dealt with simply by introducing a skeleton to governor the
parabola and the two boundary curves can be added to the skeleton Fig.6 A frame of water jet
according to a simple model.

A significant contribution of our work is that we extended 2D cartoon water effects to 31). This novel result
not only improves hand-drawn effects because it is almost impossible to achieve this by hand-drawn animations ,
but also enables us to animate effects with CAVE to generate stereo cartoon animations and the situation imagined

hardly in the traditional hand-drawn animations.
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