
Volume Painting

Abstract

In this paper, a new non-photorealistic rendering concept, volume painting is introduced.

Volume painting is a three-dimensional generalization of classical painting. In volume paint-

ing, brushes move in three-dimensional space leaving paint objects behind. The material

properties of these paint objects are determined by sampling the material properties of

space. These samplings provide a noise that creates the painted look.

A prototype painting system based on the volume painting concept is described and

images created using this volume painting system are presented.

1 Introduction

One of the most important goals in computer graphics is the development of new concepts and

techniques for creating artistic [11, 14] or natural looking [7, 9] images and shapes. We have

observed three inherent properties of painting that establish a good paradigm for obtaining both

artistic images and shapes.

1. Paintings are events in space-time. Some of the richness of painted images comes from

the application of many layers of different paint over the canvas. Since each layer of

paint goes on over the previous layers, the appearance of a painting implicitly contains

the history of painting process. In other words, D’arcy Thompson’s comments [16] that

organic forms are events in space-time apply equally well to the appearance of paintings.

2. Paintings can be considered to be sampled and reconstructed images. The reconstruction

can be done by using materials such as oil paints, water paints, colored papers, etc.

Regardless of the materials used, painters introduce predictable noise into the paintings.

This noise is useful since it can make paintings interesting by stimulating the imagination

of the viewers. It is useful to classify noise in paintings into shape and color noise.

(a) Color noise. The perceived colors in a painting are not necessarily the colors of the

paint. Impressionist painters, such as Georges Seurat and Paul Signac, are well-

known for the methodical introduction of jittered paint spots to produce perceptual

color. However, the use of noise to affect color perception has been used through-

out the history of painting. Some painters such as Rembrant Van Rijn and Diego
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Velazquez even created a perception of gray by applying layers of chromatic paint

[13]. Noise is also used in Computer Graphics to create the illusion of paintings from

images [11].

(b) Shape noise. Shape perception is not necessarily obtained by perfect description of

the object. In many cases, partial description is enough to create a perception of

shape [3]. Some painters, such as Paul Cezanne or Henry Matisse, are well-known

for the introduction of such noise in shape. However, careful inspection reveals that

noise for shape perception has also is a common device used by almost all painters

[13].

3. Painting is a subjective process. Painters work in highly individual ways. They do not

stop painting until they are satisfied; they may use different brushes, different paints.

These decisions of painters are subjective. Some painters even leave most of the canvas

unpainted by stopping after a few brush strokes. On the other hand, some painters

continuously apply new layers covering the canvas with several layers of paint.

We have developing a new algorithmic painting concept, we call volume painting. Volume

painting is the generalization into three-dimensional space of the three inherent properties of

classical painting. In other words, a volume painting is an event in space-time, it is produced

by a sampling and reconstruction process that populates three-dimensional space with different

types of objects and the volume painting process should not interfere the subjectivity of the

painter. In other words, the goal in volume painting is to paint the volumes exactly like

painters paint a canvas. A volume painter controls the motion of a set of “virtual brushes” that

continuously move in three-dimensional space. Like real brushes, when these virtual brushes

move, they leave some “virtual paint” behind them. This virtual paint may be graphical objects

such as dodecahedra, tetrahedra, cylinders or quadrilaterals. Painters should be able to control

the attributes of these graphical objects, such as size and material properties, directly or as

functions of position and time. Based on the volume painting concept, we have developed a

prototype volume painting system. An example of an image created with our volume painting

system is shown in Figure 1.

There is a great body of work in computer graphics such as cellular texture generation [9],

voxel automata [12], or L-systems [15] which are closely related to the idea of volume painting
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Figure 1: Examples of paint.
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since they create events in space-time. However, these are not exactly volume paintings since

they do not include sampling and reconstruction noise. Painterly rendering [14] is also closely

related to volume painting since it creates reconstruction noise by populating three-dimensional

space with particles and attaching brush images to these static particles. However, since the

particles do not move, in painterly rendering the resulting images are not events in space-time.

2 A Conceptual Framework for Volume Painting Systems

In this section, we introduce a conceptual framework for volume painting systems. We view

the volume painting process simply as a set of brushes moving in three-dimensional space and

leaving paint objects behind them. These paint objects have their own shapes and material

properties that are defined by sampling material properties of three-dimensional space. Based

on this description, we have identified the four basic elements of a volume painting system as

layered surfaces, brush motion, spatial material properties and paint objects.

2.1 Layered Surfaces

We propose to use layered surfaces for the representation of solids. For instance, a solid sphere

can be considered layers of spherical surfaces with different radii. In this example, the radius

of a sphere can be used as a layer parameter to identify its surface.

A volume painting system should provide a representation for layered surfaces. Moreover,

the layered surfaces should be two-manifolds in order to guarantee that brushes move freely on

a surface without reaching a boundary.

The current surface that attracts the brushes will be called the target layer. In a volume

painting system, the painter should be able choose the target layer by changing a layer param-

eter. If each layer is only partially covered by paint, it is possible to see several layers. Figure 1

demonstrates this characteristic.

2.2 Brush Motion

We have observed the power and simplicity of turtle geometry [2] comes from that separation

of velocity vector into speed and direction. We suggest to use a similar approach to define the

motion. In other words, in a volume painting system the current state of brush will be defined
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as a triplet (p(t), s[x(t)], n[x(t)] where the integer t denotes the current time, unit vector p(t)

denotes the current position of the brush, unit vector n[x(t)] denotes the current direction of the

motion and the real number s[x(t)] denotes the current speed and x(t) denotes all the control

parameters that affect the direction and the speed of the brush, including the layered surface

on which the brush moves. We adopt the convention that time advances in unit steps, so that

t − 1 denotes the previous time and t + 1 denotes next time. The next position of the brush,

p(t + 1), is given by

p(t + 1) = p(t) + s[x(t)] n[x(t)]. (1)

If s[x(t)] and n[x(t)] are arbitrarily chosen, the brushes will roam in three-dimensional space

without any goal. Instead, they need to be attracted by a target surface and should stay on the

target surface when they reach it. In order to move the brushes towards the target surface, a

volume painting system should provide equations for computing s[x(t + 1)] and n[x(t + 1)]. In

addition, the painter should be able to control the speed and direction of motion of the brushes

in a simple and intuitive way.

2.3 Material Properties of Three-Dimensional Space

In order to sample the properties of space, it should be possible to compute the material

properties of any given point p in three-dimension by using a shader function m(p). These

material properties are vectors that might include such characteristics as a diffuse color and

shader coefficients.

2.4 Paint

It is assumed that a set of graphical objects is attached to the brushes, which leave these objects

behind as they move in space. We call these graphical objects paint objects or simply paint.

Paint will generally be described as a set of simple shapes such as polygons. The shapes of

paint can be approximations of any shape such as circles, spheres, tubes or even flowers and

insects. During the volume painting process, painter should be able to change four attributes

of the paint: (1) the number of paint objects, (2) paint shapes, (3) paint sizes, and (4) material

properties of paints. The number of paint objects is analogous to the bristles of an actual brush.

Paint shapes and material properties are analogous to the paint types such as oil paint or water

color. Paint sizes are related the thickness of actual paints.
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A local coordinate system is attached to each brush in order to compute the position and

orientation of the paint objects to be left behind. A set of equations for computing the orien-

tation of this coordinate system should also be provided by the volume painting system. The

volume painter should be able to describe brush size which is given by the dimensions of a rect-

angular prism centered at p(t) as shown in shown in Figure 2.a. The paint objects that are left

behind will be positioned inside of this rectangular prism. The position of the objects inside

of this rectangular prism is determined by the mode of operation. We identify two distinct

operation modes airbrush and oil paint.

• Airbrush. In airbrush mode, objects are randomly placed inside of the prism regardless

of the position of the paint in the previous state of the brush. Examples of positioning

the paints in airbrush mode are shown in Figure 2.b.

• Oil Paint. In painting mode, each paint object has to be placed in the prism in such

a way that there should be a connection between the previous, current and next paint

objects. Examples of positioning the paints in oil paint mode are shown in Figure 2.c.

The essential element in volume painting is determination of the material properties of the

paint objects that are left behind. This determination process consists of four stages.

• The first stage is to attach a material property to each brush when brushes are initially

created. These brush material properties will be used to generate material properties of

graphical objects.

• The second stage is to compute the material properties of paints by adding noise to the

material property of the brush. For instance, if the diffuse color of the brush is green,

the diffuse color of a paint object attached to this particular brush may be generated by

adding a little bit of blue or red to the green. During the volume painting process, the

painter should also be able to change the amount of this noise.

• The third stage is to compute the material property of the three-dimensional position

where the graphical object to be left. This material property is computed using the

shader function m(p).

• The last stage is to compute the material property of the graphical object is to be left

behind. This material property is computed as a weighted average of the material property
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Figure 2: Examples of paint.
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of the three-dimensional position and the material property of the paint object. The

painter should be able to change the weights of the interpolation function in order to

control the amount of noise.

Although the original material properties of the paints may differ, when they pass thorough

the neighborhood of a particular point they will all share some of the material property of that

point. The layers of paints which share the same point’s material property create a mixture

that tends toward the material property of that point.

3 The Prototype Volume Painting System

We have developed a prototype volume painting system, in order to show the viability of this

concept and to introduce the images in this paper. In our system, we use implicit representations

to provide layered surfaces and brush motion; and material properties of space are given by

solid textures. This volume painting system is obtained by adding layered surface and solid

texture representations into an earlier implicit surface painting system [1] and by improving the

brush motion equations. The new equations for brush motion is simpler and more intuitive.

3.1 Layered Surface Description

In our volume painting system, the layered surfaces are given by implicit equations in the form

of

S(f − a) = { p | f(p)− a = 0 }.

where p = (x, y, z) is a point in three-dimensions, f is a C1 function from <3 to < and layer

parameter a is a real number. The volume inside surface S(f − a) is given by

V(f − a) = { p | f(p)− a ≤ 0 }.

Since, for any two real numbers a1 < a2, S(f − a1) ∈ V(f − a2) this representation provides

an infinite set of layers.

3.2 Implicit Surface Painting Equations

Characteristics of implicit representations [6, 18, 5] are quite suitable for development of equa-

tions for brush motion.
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• The gradient vector ∇f gives the normal vector to the surfaces S(f − a). ( Note that

gradient is independent of layer parameter a.) We can use this normal vector to move in

three-dimensional space to reach S(f − a). This idea is used by Bloomenthal [6] in order

to sample implicit surface, S(f).

• Any vector perpendicular to ∇f will be on the tangent surface of S(f − a). By using this

vector, it is possible to write an equation to make the brushes float over surfaces. Witkin

and Heckbert [17] used this fact in order to achieve a uniformly sample a complex surface

using local repulsion between floating particles and letting particles be born and die.

In order to develop implicit painting equations which will give control to the painter, we also

use the gradient vector ∇f .

Let three orthonormal vectors n0, n1 and n2 describe the coordinate system attached to

brush. In our volume painting system, we choose the gradient vector ∇f as one of these normal

vectors

n0 =
∇f

|∇f | .
We compute the other orthonormal vectors n1 and n2, by using the previous direction of brush

motion n(x(t− 1)) as

n2 =
n0 × n(x(t− 1))
|n0 × n(x(t− 1))| ,

n1 = n2 × n0.

The orthonormal vectors n1 and n2 are used to find the current direction of brush motion

n[x(t)]. In our system, the painter only provides the rotation angle θ(t) in order to provide

simple control of the current direction of brush motion. The unit vector denoting the goal

direction is then given by

r = cos θ(t) n1 + sin θ(t) n2.

If the brushes move in the direction of r, they can never reach the target surface. We need

another vector to attract the brushes towards the target surface. The vector v(f − a) that is

given as

v(f − a) = −(f − a)
|∇f | n0 = −(f − a)∇f

∇f • ∇f
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attracts the brushes towards the target surface at the direction of surface normal ∇f . This

vector will be zero when the brushes are on the target surface. Thus, the current direction

vector can be computed simply by normalizing the linear combination of the vectors r and

v(f − a)1

n[x(t)] =
r + b(t) v(f − a)
|r + b v(f − a)| , (2)

where scaling factor b(t) is a positive real number that can be controlled by the painter. It is

possible to view b(t) v(f − a) as a feedback term to make the particles attract and stay on the

target surface S(f − a).

In our volume painting system, the current speed s[x(t)] is controlled directly by the volume

painter, therefore, it will simply be denoted as s(t). If we rewrite the equation 1, we obtain

p(t + 1) = p(t) + s(t) n[f − a(t), b(t), θ(t)]. (3)

Equation 3 shows all variables that can be controlled by the painter for computing the next

position of the brush. In equation 3, the value of b(t) is not extremely critical, but, there exists

an interdependency between surface curvature, s(t) and b(t). Depending on the values of s(t),

b(t) and the surface curvature, the brushes either converge towards the target surface, or move

in an orbit around the surface, or make a periodic motion as illustrated in Figure 3. Even if

the brushes move on a distant orbit, the painters will not immediately notice any difference,

since the effect will be the same as using a different layer parameter a(t). However, if a periodic

behavior occurs, it will be noticed immediately as a ripple. Such ripples which are the result

of high curvature regions can be eliminated by choosing smaller values for either s(t), b(t) or

both. The value of a(t) simply controls the target surface, therefore a(t) is also not extremely

critical for the motion of the brushes.

The overall shape of the brush motion curve is mostly affected by the values of s(t) and

θ(t). On a planar surface θ(t) = 0 gives a straight line, on the other hand |θ(t)| < π/2 with

constant s(t) draws a regular polygon which approximates a circle. Since brushes have states

and the length of s(t) can change, even parametric L-systems [15] can be used to control brush
1The equation 2 can also be obtained by using Witkin and Heckbert’s approach [17] and simplifying their

motion equation. Since in volume painting the motion of one brush does not have to be dependent on the

positions and motions of other brushes, we do not use a local repulsion. In addition, shape parameters and time

derivatives of the shape parameters can also be ignored since we do not have to change the shapes of the layered

surfaces. These eliminations makes our painting equations extremely simple.
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Figure 3: The relationship between s(t) and b(t) for a given curvature.

motion in order to draw a tree-like curve over the implicit surface. Instead, we use a very simple

control by using the equation

θ(t + 1) = θ(t) + c δθ, (4)

where c is a uniform random number between 1 and −1 and scale factor δθ is a positive real

number. The values δθ and initial angle θ(0) are provided by the painter. Likewise, δθ and

θ(t) can be changed during the painting process. The value of scale factor δθ is essential for a

good coverage of S(f − a). If δθ is very small, the brush draws similar curves without covering

most of the surface. On the other hand, if δθ values are bigger than π/4, the brushes tends to

stay in a local area. Figure 4 shows how the values of δθ can affect the uniformity of trajectory

distribution.

δθ=0.01 δθ=π/4

Figure 4: Trajectory of only one brush over a torus for different δθ values.
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3.3 Description of Material Property of Space

In our applications, instead of general shaders, we use only solid textures for the description

of diffuse color. We also use texture map equations in order to describe solid textures. For

instance, if we ignore the radius, spherical texture mapping can be used as a solid texture.

When we use texture mapping, there will be reconstruction and aliasing artifacts. Since this

noise cannot be controlled by painter, it must be eliminated. We avoid these artifacts by

approximating continuous image data by using splines [4] through the image sample points.

3.4 Paint Objects

The paint shapes used in our system are quadrilaterals and tubes. Both are given by a set of

triangles.

• Tubes. Tubes are cut cones which are only used in oil paint mode. Examples of tubes in

oil paint mode are shown Figure 5.a. The tubes can be rendered in two different ways.

– Constant diffuse reflection coefficient. In this case, all the triangles that describe a

tube have the same diffuse reflection coefficient. In this case, the rendered tube does

not give any information about the inside and outside of the surface.

– Variable diffuse reflection coefficient. In this case, the diffuse reflection coefficient

of a triangle that approximates a tube is computed by using the cosine of the angle

between the triangle’s own normal and target surface gradient. In this way, the

color of a triangle facing the inside of the target surface is guaranteed to become

darker than the color of the triangles facing outside. In other words, using a variable

diffuse reflection coefficient helps to differentiate between the inside and outside of

the surface. Most of the images in this paper are rendered using a variable diffuse

reflection coefficient.

• Quadrilaterals. Quadrilaterals are used in both oil paint and airbrush modes. In oil

paint mode, quadrilaterals create the effect of ribbon or tape. They are always placed

perpendicular to the surface normal and gradient vectors at the vertices are used as vertex

normals for the shading. Examples of quadrilaterals in airbrush and oil paint modes are

shown Figure 5.b.
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Figure 5: Examples of paint objects.
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In oil paint mode, the volume painter can choose to interpolate the material properties

along the connected pieces. This interpolation makes noise more natural. Most of the ‘oil

paint’ images in this paper are rendered by interpolating the material properties.

In oil paint mode, the angle θ(t) should never be bigger than π/2 since obtuse angles create

overlapping paint objects as shown in Figure 6.

Figure 6: Angles bigger than π/2 creates overlapping objects in oil paint mode.

During the volume painting process, the painter is able to change the number of tubes and

quadrilaterals, and their sizes and transparencies. It is also possible to change from tubes to

quadrilaterals, or even to make the object type change with a control based on the values of

the solid texture functions.

The painter also describes the brush size by the dimensions of the rectangular prism centered

at p(t).

3.5 Noise Creation

In our system, shape and color noise are created in several ways.

• Noise by speed. Since faster speed means lower sampling, speed can introduce both shape

and color noise. In our system, noise by speed is obtained by increasing the value of s(t).

• Noise by size of paint objects. Large object size can create both color and shape noise.

This noise is more effective in airbrush mode. In paint mode the large object sizes create

undesirable images.

• Noise by brush sizes. Brush size is given by the dimensions of a rectangular prism centered

at the current brush position. If this brush size is large, the paint can be placed away
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from the target surface, thus creating shape noise. This effect is useful only in airbrush

mode. In paint mode the large brush sizes can create undesirable images.

• Noise by weighted average of material properties. The weights in computing a weighted

average of the material property of the three-dimensional position and the material prop-

erty of the paint object control the amount of noise. Since the material properties of paint

objects are created randomly, by given more weight to the material properties of paint

objects, more noise can be introduced. In our system, volume painter can change these

weights.

• Noise by uncovered shape. By not entirely covering a shape, volume painter can introduce

shape noise. In our prototype system, completely covering one target surface depends

on the chosen s(t) and δθ values of equations 2, 3 and 4. A small s(t) value provide a

better approximation of the surface but it takes longer time to cover the whole surface.

Likewise, choice of δθ values affect the time to cover the surface. In addition, the surface

area of target surfaces and paint size affect the coverage time.

4 Implementation

Our volume painter is a simple menu driven interactive system which is implemented in C

using the GL graphics library. The system also supports stereo viewing with stereo glasses.

The following figures demonstrate the capabilities of our volume painting system. Each one of

the images in these figures were created in less than one minute on an SGI O2 workstation.

They are direct screen captures during the painting process.

Figure 7. This figure shows toroidal layered surfaces which are painted by changing a layer

parameter during the volume painting process. Paint objects are tubes, each brush carries

seven tubes and each tube has a constant diffuse reflection coefficient.

Figure 8. In this figure, the layered surfaces that resemble a face are described by a set of

exponential functions. Similar exponential functions are used to define the solid texture

that produces the colors of the facial features. Figure 8.a shows an example of shape noise.

Paint objects are tubes, each brush carries seven tubes and each tube has a constant

diffuse reflection coefficient. Figure 8.b is obtained by layering several surfaces. Each
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layer surface is partially covered in order to reveal inside layers. Figure 8.b also shows

ripples around high curvature areas such as the nose, ear and mouth. Since, in Figures

8.a and 8.b material properties along the connected pieces are not interpolated, we see

sudden changes in color. In all the figures except this one, the material properties are

interpolated in oil paint mode. As it can be seen in other figures such as Figure 15.b, this

interpolation makes noise more natural. Figure 8.c shows the low pass effect of painting

outside layers with transparent quadrilaterals. Note that all the details seen in Figure 8.b

are now covered.

Figure 9. This figure shows examples of shape noise, where the noise is achieved by not entirely

covering the surface. The layered surfaces are spheres. The solid texture is defined by

parallel projection of a portion of the Mona Lisa. The images in Figure 9.a are painted

by using only one connected tube for each brush and each tube has a variable diffuse

reflection coefficient. During the painting process the layer parameter was not changed.

In Figure 9.b everything is exactly similar to the one in Figure 9.b except that it is painted

by using seven connected tubes for each brush instead of one. Furthermore, the radius of

each tube is smaller than the radius of the tube used for creating Figure 9.a.

Figure 10. In figure 10.a we see several examples of partly covered layered surfaces. The

layered surfaces are spheres and the solid texture is defined by parallel projection as in

Figure 9. The images are painted by using seven connected tubes for each brush and each

tube has a variable diffuse reflection coefficient. During the painting process, both the

sizes of tubes and the layer parameter were continuously changed. If this object is viewed

from another direction, the image of the Mona Lisa becomes unrecognizable. Figure 10b.

shows a detailed example.

Figure 11. This figure shows the painting effect in airbrush mode. Noise is generated by using

large quadrilaterals. The layered surface description and solid texture are the same as in

Figures 9 and 10. The lower image shows a detail of the first image.

Figure 12. Figure 12.a shows the noise which is created by using fast speeds for brushes.

The first image is painted by using connected tubes, the second one is created by using

connected quadrilaterals in oil paint mode. The solid texture is defined by a spherical

texture map equation. Figure 12.b shows that the noise in Figure 11a can be reduced
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by using slower speeds for brushes. Figure 12.b also gives a comparison of oil paint and

airbrush modes. The upper image in Figure 12.b is painted by using one connected tube

for each brush and each tube has a variable diffuse reflection coefficient. The lower one

is created in airbrush mode with quadrilaterals.

Figure 13. Figure 13.a shows examples of controlling the brush type with a solid texture.

During the painting process if the solid texture color is almost equal to the background

color (yellow) then the volume painting system uses quadrilaterals as paint objects. Oth-

erwise, it uses tubes. Thus, we obtain different qualities of painting in the same image.

The solid texture is defined by a spherical texture map equation. Color noise results from

a weighted average of the diffuse color of each paint object and the diffuse color of its

position described by the solid texture. Figure 13.b shows an example of this color noise.

In the first image, the color noise is almost eliminated by using 0.9 as the weight of the

solid texture. In the second image, more noise is introduced by using 0.6 as the solid

texture weight.

Figure 14. This figure shows another example of controlling the brush type with solid texture.

In this case, if the solid texture color is equal to black then the volume painting system

uses tubes as paint objects. Otherwise the paint system uses quadrilaterals. The upper

image is obtained by accepting dark gray as black. In the lower image, only dark black is

accepted as black.

Figure 15. In these images, the layered surfaces are described by a beta-spline [4] function

with three variables. The solid texture is a three-dimensional checkerboard. Figure 15.a

shows an example of airbrush mode. The lower image shows in detail the airbrush effect

at a contour. Each brush carries nine quadrilaterals and the size of the quadrilaterals is

extremely small. Noise results mainly from the sizes of the brushes. Brush size is given

by a prism which is much longer in the direction of the surface normal. Figure 15.b shows

an example of oil paint mode where the image is painted by using two connected tubes

for each brush and each tube has a constant diffuse reflection coefficient. Noise in Figure

15.b is created by a fast brush speed.
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5 Discussion

In a volume painting system, the noise can be reduced significantly by covering the surface

completely with slower speed, smaller brush and paint sizes. However, exactly like classical

painting, the results will look like overworked paintings. Although, there is a close relationship

between volume painting and classical painting, volume paintings are different than classical

paintings in three ways.

• When painters do not paint a portion of the canvas we can still see the canvas. However,

in a volume painting, if a painter does not paint a certain portion of a surface it leaves a

hole. A similar effect has been achieved by Marcel Duchamp by painting a large glass [8].

• Volume paintings can be considered as sculptures which can be viewed in three-dimensions

using stereo views. Our prototype system provides stereo viewing. Such stereo views

especially reveal the potential of volume painting as a new painting paradigm. These

paintings can also be transformed into stereo photographic prints.

• In the current implementation of our painting system, we do not preserve geometry infor-

mation for later use. Instead, we only preserve the images we like. However, the concept

volume painting would allow to produce a scene description with detailed geometry and

shading information. This scene description could be rendered by using different render-

ers to get additional effects. The resulting scenes could even be animated by attaching

skeletons and deforming the space.

Our choice of implicit equations in the development of the prototype volume painting system

was based on well-understood behavior of implicit surfaces. However, it is possible to develop

a volume painting system by using either parameteric representations such as tricubic tensor-

product splines or polyhedral representations.

Volume painting can be used in visualization of multivariate data by considering it a shader

function, m(p), to be sampled by volume painter. Another application of volume painting can

be visualization of four dimensional objects by using a more complete solid representation

S(f) = { (x, y, z, a) | f(x, y, z, a) = 0 },

and by still viewing a as a layer parameter.
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6 Conclusion

In this paper, we have introduced the concept of volume painting and developed a prototype

volume painting system. Despite the fact that our system provides only a small subset of the

features that can be provided, it was still possible to easily create interesting images in a short

time.
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