
Seminar Nasional Sistem dan Informatika 2006; Bali, November 17, 2006 SNSI06-006 

 

 35  

CREATING A VIRTUAL THREE DIMENSIONAL PAINTING 
 

Budi Hartanto 
Informatics Engineering, University of Surabaya 

 budi@ubaya.ac.id 
 
ABSTRAK 
Program komputer yang berhubungan dengan penggambaran dapat dibedakan menjadi dua jenis yaitu penggambaran 
dua dimensi atau tiga dimensi. Program aplikasi penggambaran dua dimensi biasanya menggunakan kertas kosong 
sebagai kanvas, sedang program penggambaran tiga dimensi biasanya menggunakan objek tiga dimensi yang telah ada 
sebagai medianya.  Semua program penggambaran tersebut biasanya menggunakan alat input yang memberikan 
informasi lokasi dua dimensi seperti mouse maupun tablet sebagai kuas. Sehubungan dengan ketersediaan alat input 
yang dapat memberikan informasi lokasi tiga dimensi seperti Polhemus Fastrak maka peneliti ingin mengetahui 
kemungkinan penggunaan alat tersebut untuk digunakan sebagai kuas maya. Pada penelitian ini, kuas tersebut akan 
digunakan untuk menciptakan kumpulan bola ataupun pita yang menggantung di suatu ruang kosong. Objek-objek ini 
dapat dibayangkan sebagai percikan atau sapuan cat pada ruang. Penelitian ini telah membuktikan bahwa alat input 
yang dapat memberikan informasi tiga dimensi telah dapat digunakan sebagai kuas maya untuk menciptakan berbagai 
objek tiga dimensi yang menggantung di ruang kosong. Hasil dari penggambaran ini dapat dibayangkan sebagai bentuk 
baru dari seni. Penelitian lebih lanjut di bidang ini dapat dilakukan dengan menggunakan alat input yang dapat 
memberikan informasi tiga dimensi dan sekaligus juga dapat memberikan gaya balik saat alat tersebut secara maya 
mengenai objek, sehingga proses penggambaran dapat dilakukan dengan lebih nyata. 
Kata kunci: Program Aplikasi Penggambaran, Polhemus Fastrak, Kuas Maya 
 
1.  Introduction 
Research reveals that a lot of works have been performed in the computer based painting applications. Most previous 
works were trying to build an application that mimics the two or three dimensional painting in the real world. Painting 
applications that try to create pictures on the screen or on any output display are categorised as two dimensional painting. 
Meanwhile painting applications that try to cover the surface of a three dimensional object with certain colour are 
categorised as three dimensional painting.  
 
Some applications are extended further by building more natural painting applications. Painting application can be 
considered natural when the user can use the application as if he/she uses the manual painting tools in the real world. 
Therefore 2D painting can be considered natural if the users can move a kind of device that simulates a paint brush in 
front of a monitor as if it is an electronic canvas. Meanwhile in 3D painting, the application can be considered natural 
when it enables the users to move a certain kind of device that mimics a brush on the real 3D object and get the painted 
3D object on the screen monitor.  
 
The example of the natural 2D painting application can be seen in Chapman[2]. Meanwhile the work of Agrawala[1] can 
be considered as a natural 3D painting application. Unlike many commercial 2D or 3D painting applications that use the 
ordinary input devices, Chapman and Agrawala use a slightly sophisticated input device that can be considered as a paint 
brush in the real world. Therefore painting can be performed by treating the device such as a paint brush used by an artist 
to paint on canvas or to apply a certain colour to a three dimensional object. 
 
Due to the availability of the three dimensional pointing input device when the experiment is performed, it is desirable to 
create a painting application that utilize the input device as a real paint brush. The three dimensional space will be used as 
a canvas for the application. The result of the work will be projected into two dimensional space and can be seen on the 
monitor. Therefore the painting application that will be created is a combination of the two and three dimensional 
painting system. In 2D painting, the work is started from an empty canvas and as it is completed, one can see the artist’s 
painting on it. Meanwhile in 3D painting, the object to be painted must exist first before the paint can be applied on it. 
Both of these concepts are blended together to yield a new concept called Virtual 3D Painting. In Virtual 3D Painting, the 
application is started with an empty canvas. However, instead of 2D, the Virtual 3D Painting uses the empty 3D space as 
its canvas. Painting can be performed by turning on and moving a certain device that acts as a paint brush. When the 
artist performs the painting, a 3D basic object either sphere or ribbon with a certain colour will be created in the 3D 
world. These objects will not be affected by the gravity and will be kept suspended in the air. The artists can then create a 
more complex 3D objects by combining a number of these basic objects. Since these 3D objects do not really exist in the 
real world the applications are named the Virtual 3D Painting. 
 
2. Two Dimensional Painting 
The basic concept of 2D painting is applying a certain colour of a brush shape at the cursor position[4]. A lot of 
commercial applications have been built to assist users in creating the 2D painting. Since the ordinary 2D painting is very 
common application, Chapman[2] tries to find a more natural painting application. The general idea of his work can be 
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seen in Figure 1. A stylus with red light on its tip, a camera on the top of the monitor, and a monitor are used in the 
application. To perform painting, the users should move the stylus in front of the screen monitor. This movement can be 
assumed as the users paint on the canvas using a paint brush.  
 
Chapman’s application works by finding out the position of the red light attached on the stylus. For this purpose a camera 
on the top on the monitor is used to capture the light emitting from the stylus. The position of the light is captured as a 2D 
vector by ignoring the depth component. Using this position, Chapman draws a certain colour to the screen monitor with 
a certain shape. This painting activity is exactly as an activity of a person painting on a canvas. Therefore Chapman’s 
work can be considered as a natural 2D painting application. 

 
 

Figure 1. Performing Painting in Chapman’s System 
 

The idea of this research originated from Chapman’s work. If the depth component of his stylus can be taken then it 
would be possible to create a three-dimensional painting. The first attempt to get the third component of the red light 
position is to use a similar method as Chapman’s work. The second camera is positioned perpendicular to the first 
camera. Therefore the X,Y component of the red light will be found from the first camera, while the Z component will be 
taken from the second camera. 
 
After a deep analysis about the idea, it can be concluded that this method has some constraints to be implemented as the 
Virtual 3D Painting. The first constraint is on the position of the two cameras used. When two cameras are used to 
represent the XYZ coordinate then it should be guaranteed that the two cameras have been placed perpendicular to each 
other. Failing to carry out this condition may result to an incorrect 3D position and in subsequent will make the 
application drawing the object at the incorrect position. The second constraint is due to the limitation of the artist’s 
movement in order to guarantee both cameras capture the light from the stylus. In other word, the artist can not move 
randomly in creating his/her artwork or otherwise the light of the stylus may not be able to be captured by two cameras at 
the same time. This means some of the painting can not be drawn on the screen.  
 
Due to this limitation, a more sophisticated 3D input device such as Polhemus Fastrak will be used in the research. This 
3D input device will be used a paint brush or as a camera for the application depending on the user’s selection. Detail of 
the usage of this input device will be covered in the next section. 
 
3.  Three Dimensional Painting 
The nature of the existing 3D painting applications is to apply certain colours or textures to 3D objects[3]. The 3D object 
must be created and rendered on the screen before the painting process can be started. Some scientists have performed 
research on this issue such as Williams[10], Hanrahan and Heberli[5], Agrawala[1], Rahman[8], and Thomas[9].  
 
An interesting research about 3D painting is performed by Agrawala[1] that attempts to create a natural 3D painting. In his 
work, a three-dimensional object is scanned first using a 3D scanner. The result of the 3D scanner is mesh triangles of the 
object. These mesh triangles then can be painted by moving an input device onto the real object. In his research, a tablet 
is used as an input device. Before performing the painting, it is necessary to adjust the corresponding position of the mesh 
triangles to the real one. Afterward the system will try to find the other corresponding position from both objects by the 
movement of the tablet that is assumed as a paint brush. 
 
Applying paint to an existing 3D object such as the one performed in Agrawala research required a haptic feedback to the 
painter. This haptic feedback will alert the painter that the paint brush has stroked the object. Therefore the painter will 
realize that paint will be applied on that area. Unfortunately, the Polhemus Fastrak is not equipped with the haptic 

Camera 
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feedback capability. Therefore applying paint to the objects such as the one performed by Agrawala can not be applied in 
the Virtual 3D Painting. Another approach that will be taken for the Virtual 3D Painting is applying the selected paint to 
the objects as soon as the objects are created. 
 
4.  Virtual Three Dimensional Painting 
This research introduces a new concept termed Virtual 3D Painting. Although it is named as 3D painting, the approaches 
for the concept will be different from the existing 3D painting presented in the previous section. Virtual 3D Painting is 
defined as: The construction of 3D artefacts in the three dimensional space using the traditional painting analogy. The 
objects created will be suspended in 3D space (see Figure 2) after the painting performed. Unlike the existing 3D painting 
applications where the 3D objects must exist before being painted, the Virtual 3D Painting will create and paint the 
objects at once.  
 
To simulate the paint brush, it is necessary to find a device that is able to give the 3D position and orientation. 
Additionally, the device must have an on/off button to determine whether the users want to apply the paint to the canvas 
or not. The button is necessary since the canvas of this application is a free 3D space. Therefore it would be impossible to 
find the intersection between the paint brush and the canvas such as in the real 2D or 3D painting. Pressing the button 
“on” means the paint will be applied to the 3D world, otherwise no paint is applied. Applying paint means creating 
certain 3D objects with certain colour in the 3D world.  
 
Figure 2 illustrates how this concept works. By pressing the button on the device, users can create a collection of basic 
objects suspended in the air. The examples of basic objects shown in Figure 2 are spheres. Two primitive drawing objects 
are provided in the system to allow the users to build a more complex object. They are the sphere and the ribbon. 

 
Figure 2. An Overview of the 3D Virtual Painting System 

 
5.  Creating The Basic Objects  
The two basic objects –sphere and ribbon– that are provided in the system can be used to create a more complex 3D 
object. A sphere can be generated by one input point acquired from the input device. The sphere radius is set up by the 
program. The orientation of the 3D input device will not influence the shape of the sphere. In contrast, the second basic 
object -the ribbon- is very sensitive to the changes of the 3D input device orientation. The ribbon can be created by at 
least two three-dimensional points.  
 
5.1.  The Sphere 
A Sphere is the most common 3D object to be used in computer graphics[5]. Therefore a lot of graphic libraries including 
the OpenGL support the creation of the sphere. In OpenGL, a sphere is composed from some triangles. Increasing the 
number of triangle will make the sphere look smoother but the time required to draw the objects will increase as well. 
Two parameters are required to build a sphere. They are the centre of the sphere and the radius (in OpenGL, it is 
necessary to add another parameter such as the number of triangles composing the sphere).  
 
The sphere can be built, as soon as one sample point is acquired from the input device. The number of triangle that 
composes the sphere can be set constant or dynamic, based on the distance of the sphere to the viewer. When the spheres 
are in close distance to the viewer, the number of triangles can be increased to create a smooth sphere, otherwise fewer 
triangles may be used. Using fewer triangles for the far distance sphere will increase the speed of the drawing without 
loosing the good shape of the sphere. This trick works since human vision is not able to distinguish fine detail of an 
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object if the size of the object is small enough (the farther the distance, the smaller the object). An example of a 3D 
object that is created by a collection of spheres in the Virtual 3D Painting can be seen in Figure 5. 
 

 
 

Figure 5.  An Example Object That is Built Using a Collection of Spheres 
 
5.2. The Ribbon 
 

 
 

Figure 6. An Example Object That is Built Using a Collection of Ribbons 



Seminar Nasional Sistem dan Informatika 2006; Bali, November 17, 2006 SNSI06-006 

 

 39  

The ribbon can be built from a series of polygons. These polygons must be arranged in such a way to simulate the shape 
and the behaviour of the ribbon hanging in the three dimensional space. An important point to remember is that the 
ribbon is created using a 3D input device that is acting as a brush. Therefore the analogy of a brush, such as the brush 
orientation, must be considered in creating the ribbon. An example of the 3D object that is built using a collection of 
ribbons in Virtual 3D Painting can be seen in Figure 6. 
 
To draw a polygon, it is necessary to have four corner points of the polygon. Since the polygon is generated as the result 
of as if a person swapping the brush, then it is not natural for the user to specify the four corner points of the polygon. 
The system has to find the four corner points of the polygon based on at least two points that are acquired from the 3D 
input device as it is moved.  These two points are set in the middle of the polygon side. Figure 7 shows the two points - A 
and B - taken from the 3D input devices, and the corresponding 4 corner points of the polygon P1, P2, P3 and  P4, 
generated by the system. 
 
In order to have the paint brush analogy then it is necessary to set up some conditions, such as: 
• Swapping the brush from left to right, should give the same result as swapping the brush from right to left. 
• Changing the orientation of the brush may yield a different size of the ribbon. Painting with vertical orientation paint 

brush horizontally, will give a different result to the horizontal orientation of the paint brush. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Paint Brush Orientation and Its Result When It is Moved Horizontally 
 

• The ribbon is a three-dimensional object, therefore as shown in Figure 8, swapping the brush to the right then 
suddenly change to the left will yield a flipped ribbon. This is due to the first condition that swapping the brush to 
the left or to the right will yield a front view of the ribbon. However since the ribbon is a three-dimensional object, 
then there must be a point on the ribbon where it is flipped (in Figure 8, it occurs in the ribbon part D to E) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8. Flipped Ribbon to Preserve Its Three Dimensionalities 

 
To have the front view of the polygon then it is necessary to guarantee that the drawing is performed in anti clockwise 
direction. Since the movement of the paint brush from “left to right” to “right to left” will change the drawing direction 
(anticlockwise to clockwise and vice versa) then it is necessary to set up an algorithm to guarantee that the paint brush 
movement will not change the drawing direction. In Virtual 3D Painting, the drawing of the polygon is guaranteed to be 
performed in anticlockwise with the following algorithm (see Figure 8). 
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P1  = D  - Bz * Length 
P2 = D + Bz * Length 
P3  = E + Bz * Length 
P4  = E  - Bz * Length 

where: 
D  = First sample point 
E = Second sample point 
P1, P2 = New point generated from point D 
P3, P4 = New point generated from point E 
Bz  = Vertical direction of the brush 
Pd = Paint direction (taken from E-D) 
Length = the distance from sample point to the new point 

 
6.  Conclusion 
The Virtual 3D Painting application has been built to examine the possibility of the usage of the three dimensional input 
device as a simulation of the paint brush. The application has the capability to help artists in creating 3D objects in 3D 
spaces. In order to create the object, an artist has to move the three dimensional input device as if it is a paint brush that is 
used to create a picture on a canvas. However instead of 2D canvas, the application uses the 3D space as its canvas. Two 
basic objects – sphere and ribbon – are provided in the system to build the picture. 
 
Polhemus Fastrak, the 3D input device, is used in the system. The stylus of the Polhemus Fastrak is used as a paint brush, 
transformation tools, or even as a camera. Painting is performed by moving the stylus such as an artist moves the paint 
brush on canvas or on a 3D object. Since the Polhemus uses an electromagnetic technology then there is no need to 
maintain a clear line-of-sight between the stylus to the Polhemus transmitter[7].  
 
The aim of the Virtual 3D Painting has successfully been achieved. The users are able to create the 3D objects in the 3D 
space and see them from any position and direction. Painting can be performed easily and naturally because the stylus is 
used in the same way as a paint brush used in the real world. Therefore to create a painting in the system, the stylus 
should be moved such as the movement of the paint brush in the real world.  
 
The result of this research can be considered interesting since an artist can create a new form of art that can not be 
performed in the real world. Using this research, the painting is able to be performed in an empty 3D space without any 
existing objects. Although for the time being, implementation of this research can be considered expensive due to the 
requirement of the three dimensional input devices. However it is believed that the problem can be diminished as this 
new art is accepted by the public as an alternative of the existing ones and the three dimensional input devices can be 
mass produced. 
 
From the experiment, users tend to create abstract objects instead of fine shape ones. This is due to the fact that creating 
abstract objects will be easier to be performed in a system where the haptic or force feedback is not available. The usage 
of the Helmet Mounted Display (HMD) as the second 3D input device may help to overcome the problem. By using the 
Helmet the user can see directly the virtual 3D object flying in space in front of his/her eyes. Therefore he/she can predict 
the position of the object in the 3D world easier than seeing the projected object in the 2D monitor. Due to the 
unavailability of the HMD, the research does not implement the HMD in its application. 
 
7.  Further Work 
Three other input devices are required to extend the current application. These input devices are a Helmet Mounted 
Display, Data Glove, and Pointing device. The Helmet Mounted Display is used to display 3D objects and their 
environment, meanwhile the Data Glove is used to transform the existing 3D object. The last device is the 3D pointing 
device such as Polhemus Fastrak stylus that will be used as a paint brush.  A stereo vision can be implemented in the 
HMD to give the depth feeling about the objects to the users.  
 
This extended system will provide an interactive representation of the 3D Virtual Painting. However the system may be 
expensive due to the price of all three dimensional input devices required for the system. Other problems that may arise 
are the limitation of the painting space due to the length of cable and the possibility of signal interference between each 
input devices. 
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