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Abstract
Computer Graphics (CG) and Virtual Reality (VR) are two of the most interesting research fields in Computer 
Science. In this paper we present an application of CG and VR in arts, tourist promotion and cultural heritage.  
We propose a technique able to simulate the Saint Mary of the Mount staircase, a magnificent staircase in  
Caltagirone, a beautiful baroque town in Sicily (Italy). Our system is an example of how new technologies may 
lead to a new way of interacting with traditional arts.

Categories and Subject Descriptors (according to ACM CCS): J.5 [Arts and humanities]: Architecture, Fine 
Arts

______________________________________________________________________________________________________

1. Introduction

What  is  virtual  reality?  “A  hypothetical  three-
dimensional  visual  world  created  by  a  computer;  user 
wears special goggles and fiber optic gloves etc., and can 
enter  and  move  about  in  this  world  and  interact  with 
objects as if inside it” [Hyp05].

Understanding  differences  (and  analogies)  between 
real and virtual is an ancient and deep problem. Since from 
Greek  era,  Plato  reflects  on  the  concepts  of  real  and 
virtual,  on  what  is  real  and  what  is  the  fruit  of  our 
imagination  (in  “The  Republic:  book  VII”  see  the  cave 
anecdote [Pla04]).

Even if the likeness  between the Plato’s cave and the 
world of today can seem absurd it is  particularly  strong: 
“today we are not encircles by shadows but by images. It is 
true that images are there  in order  to show the truth,  but 
when they show it, they also hide it. The virtual reality is a 
contradiction in terms: if the reality is “reality” it cannot be 
virtual. We live in a kind of virtual cave in which we are 
entered for our will” [Sar03].

Attempts  of  “realistic”  simulations  of  reality  are 
ancient. In the last century many improvements have been 
done in the field of VR. In the 1930s, the first algorithms in 
military context have been developed to simulate the fight 
environment  for  bomber  aviators.  In  the  1965  Ivan 
Sutherland,  the  Computer  Graphics’  father,  proposed  a 
system  in  which  synthetic  images  are  presented  to  the 
viewer by “two monitors connected to his eyes”. In the last 
decade  many  improvements  have  been  done  to  enhance 
user’s  experience:  control  movement  sensors,  haptic 
systems , etc.

Nowadays VR is used in many field:
• entertainment

◦ creation  of  fantastic  worlds  or  physically 
impossible scenes (cinematographic industry);

◦ video games (see Figure 1a);
• education

◦ creation of training environments  as  in  Figure  1a 
(defense, sport, medicine, psychotherapy, etc.);

◦ simulation of dangerous,  expensive  or  impossible 
experiences (biology, astronomy, chemistry, etc.);

• arts
◦ reproduction  of  lost  monuments  and  scenes  (see 

Figures 1b and 1c);
◦ fruition of art handwork into new contests and new 

ways;
◦ distance enjoyment and tourist promotion;

• Hybrid form of VR (augmented reality)
◦ flesh out the reality by synthetic information;
◦ mainly  applicable  to  medicine  (diagnostic  and

chirurgic operation).

(a)

(b) (c)

Figure  1: Examples  of  VR in  video games,  training  and 
reproduction of lost monuments and scenes.

Eurographics Italian Chapter Conference (2006)
G. Gallo and S. Battiato and F. Stanco (Editors)

c© The Eurographics Association 2006.

http://www.eg.org
http://diglib.eg.org


In the field of the cinematographic industry it is very 
interesting the movie “The Matrix” [Mat05], in which “VR 
reflects  on  itself”.  In  the  movie  the  human  race  is 
“prisoner” of a digital system which holds the humans in a 
state  of  perennial  sleep  offering  them  “ad  hoc  created 
images of the world”. With a breathtaking auto-reference 
numerous  scenes  and situations  of  the  movie,  shown  as 
real,  are  obtained  by  digital  effects  and  Computer 
Graphics.

It could seem that to realize a VR system is easy. This 
is false. There are many difficulties to overcome:
• to obtain realistic data and models;
• to have efficient computing equipments;
• to have monitors, speakers, etc. able “to deceive” our 

perception;
• to simulate the peculiarities of our perception;
• to track our movements in a virtual world.

In this paper  we present an application of  Computer 
Graphics  and  Virtual  Reality  to  the  problem  of  tourist 
promotion.  We propose  a technique  able  to simulate  the 
Saint Mary of the Mount staircase, a magnificent staircase 
in Caltagirone,  a little town in Sicily (Italy). On the 24th 
and 25th July the staircase is lighted by over 4000 papers 
goblets  called  “coppi”  containing  terracotta  and  oil.  The 
illumination  reproduces  an  image  (typically  geometric 
figures  or  simple  shapes)  using  only  three  colors:  red, 
green and dark white (Figure 2).

Figure 2: The Caltagirone staircase.

We present  an algorithm able to take an input image 
and to reproduce the image over a geometric model of the 
staircase,  allowing  the  user  to  interact  with  the  the 
staircase in a virtual world. It can be viewed as a support  
tool for the manual design and creation of the goblets grid 
for the staircase. Using this tool it is possible to create very 
complex images (for examples photos, paintings, etc.).

There are many problems to reproduce the Caltagirone 

staircase:
• the geometric model is relatively complex;
• the number of goblets is great;
• there is a perspective deformation given by the length 

of the staircase;
• only three colors are available.

The  rest  of  this  paper  is  organized  as  follows:  in 
Section 2 we briefly report  the Caltagirone  and staircase 
history, Section 3 explains our algorithm. In Section 4 we 
show  the  experimental  results.  Finally  in  Section  5  we 
suggest directions for future work and research.

2. Caltagirone and the Staircase

Hill  of  vases,  Queen  of  mountains,  City  of  the 
ceramics:  these  are  some  of  the  names  by  which 
Caltagirone is remembered, whose name derives from the 
Arab Qal’ at Alghiran that means “castle of vases”.

The element of greater tourist interest of the city is the 
Saint Mary of the Mount staircase.

The staircase was realized in the 1606 by the architect 
Giuseppe  Giacolone  with  a  set  of  150  steps.  The  entire 
structure was remade in the 1843 by the architect Salvatore 
Marino  who  reduced  the  number  of  steps  to  142.  They 
exceed an unevenness of approximately 50 meters and are 
large 7 meters.

The staircase  becomes  protagonist  when,  in religious 
or civil  festivity occasions,  a spectacular  manifestation is 
represented.  The  perpendicular  disposition  of  the  steps 
allows the composition of motifs that in remote times were
only  geometrics.  Such  motifs  were  obtained  with  paper 
goblets,  white,  red or  green,  that,  oily lighted,  diffused a 
faint light rendering a suggestive effect along the steps.

3. The Proposed Algorithm

We  begin  this  Section  with  a  discussion  of  all  the 
techniques involved in our algorithm. Later we show how 
these techniques can be merged all together  to obtain the 
final result.

3.1. Half-toning

Half-toning is a process  that simulates shades of gray 
by varying the size of tiny black dots arranged in a regular 
pattern.  This  technique is used in printers,  as  well  as the 
publishing  industry.  If  one  inspects  a  photograph  in  a 
newspaper,  he will notice that the picture is composed of 
black dots even though it appears to be composed of grays. 
This  is  possible  because  of  the  spatial  integration 
performed  by  human  visual  system.  Human  brain  blend 
fine details  and record the overall  intensity. Digital  half-
toning  is  similar  to  half-toning  in  which  an  image  is 
decomposed  into a grid of halftone cells.  Elements  of an 
image  are  simulated  by  filling  the  appropriate  halftone 
cells. The more the black dots in a halftone cell, the darker 
the cell appears. For an exhaustive introduction to digital 
half-toning see [Uli87].

Three  common  methods  for  generating  digital  half-
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toning images are patterning, dithering and error diffusion.
The  error  diffusion  (ED)  technique  was  proposed  in 

[FS76] and is used both for gray scale  images  and color 
images (applying the algorithm on each RGB plane).

In  our  method  we  adapt  the  ED  in  order  to  select  
colors in the set {red, green, dark white, black}. The RGB 
components  are  respectively  (200,0,0),  (26,168,44), 
(236,187,19)  and  (25,25,25).  The  error  is  dispersed  (on 
each  component)  to  nearby  neighbors.  This  simple 
algorithm allows  to  reproduce  a  color  image  using  only 
four  colors  (the  traditional  goblets  colors  available).  An 
example of our  result  is shown in  Figure  5 (Figure  5a is 
the source image, Figure 5b is the half-toned image).

3.2. Perspective Correction

When an object is seen from a great distance it endures 
a  perspective  deformation  due  to  the  distance  from  the 
object itself. If, given an image, it is brutally “painted” on 
the  staircase  the  obtained  result  is  a  figure  remarkably 
lengthened in the closer part and remarkably narrow in the 
farther part.

The artists who plan the staircase know these problems 
and  (manually)  correct  the  error  due  to  the  perspective 
deformation.

Our algorithm performs the same operation applying to 
the  original  (half-toned)  image  a  “perspective  anti-
deformation”,  which  lengthens  the  farther  part  and 
shortens the closer part, in such a way that when the image 
is visualized on the staircase  the perspective deformation 
“will  correct”  the  ad-hoc  created  artificial  error.  An 
example of the obtained result is shown in Figure 5c.

3.3. The 3D Model

The  heart  of  any  VR  application  is  the  3D  model 
representing the virtual scene. In our case the 3D model is 
relatively complex (in number of elements), but it is very 
easy to construct. There are three fundamental elements in 
our  scene:  the staircase,  the steps  and the goblets.  Other 
object (buildings, floor, etc.) have no relevance.

Figure 3: A simplified scene-graph of the 3D model.

The staircase is only a container object, in particular it 
contains 142 steps. The steps are simple rectangular boxes 
containing  everyone  about  40  goblets.  Goblets  are 
opportunely colored cylinders.

A  simplified  scene-graph  (based  on  the  Java3D 
specifications  [Sun05])  of  the  3D  model  is  reported  in 
Figure 3 (other details of the scene-graph are given in the 
next Subsection).

3.4. Level of Detail

To light  the  staircase  over  4000  goblets  are  used.  It 
could  be  very  prohibitive  to  manage  in  a  virtual 
environment  such amount  of cylinders:  it is  necessary  to 
“deceive”  the  viewer.  The  cylinders  in the  far  steps  are 
small,  so  they  can  be  substituted  by a  box  opportunely 
colored. Using this simple but smart trick it is possible to 
improve  the  performance  of  the  algorithm  and 
consequently the responsiveness of the system, making the 
user experience more pleasing.

This simple technique is usually called LoD (Level of 
Detail), in particular we use a Distance-LoD, that is a level 
of  detail  driven  by the  distance  from the  viewer:  as  the 
distance increases less details can be used and vice-versa. 
An example of this method is shown in Figure 4.

(a) (b)

Figure  4: Two different levels of detail.  (a) High level of 
detail  (distance lower or equal  to 20m). (b) Low level  of  
detail (distance greater than 20m).

3.5. Merging All Together

To merge the previously presented techniques is very 
simple:  given a digital  image (or a subpart  of the image) 
we  first  perform  an  half-toning  algorithm  in  order  to 
reduce  the  color  number.  Second,  we  perform  an  anti-
perspective  deformation.  We  have  a  new image  colored 
using  only  the  available  colors  for  the  goblets  and 
opportunely  deformed.  We now consider  the  image  as  a 
grid of goblets and construct the 3D model of the staircase. 
Finally,  we  use  the  model  as  input  of  a  3D  engine  (in 
particular  the  Java3D  engine  [Sun05])  and  visualize  the 
scene in a virtual world. Figure 5 shows the main steps of 
our algorithm.

4. Experimental Results

To  illustrate  the  effectiveness  of  the  proposed 
technique  we  report  some  examples.  The  algorithm  has 
been  implemented  in  Java2  Standard  Edition  1.4.2  and 
Java3D 1.3.1. All experiments have been carried out on a 
PC Athlon XP-M 1800+, 192MB RAM, with Windows XP 
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Home  Edition.  To  allow  the  reader  to  test  directly  the 
quality of our algorithm an applet  is free available at the 
URL  [CDG05],  at  the  same  URL  is  also  available  for 
download a Java application.

Figure  6 shows  some  examples  of  the  proposed 
method. The figures show how this technique can be used 
to  reproduce  modern  paintings,  photos  and,  in  general, 
complex images.

It is easy to show that the computational complexity of 
the method is O(n), where n is the number of pixels of the 
input image. The algorithm takes few seconds to produce 
the final result, on every kind of image.

5. Conclusions & Future Work

In this paper, we presented a technique to simulate the 
Caltagirone staircase. This work can be viewed as a proof 
of concept to demonstrate how CG and VR can be useful 
in the field of arts and tourist promotion. Future work will 
be addressed to the extension of our method to other kind 
of arts  and to  the  creation  of a  framework  for  the  rapid 
development of virtual worlds for arts.
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Figure 5: The main steps of our algorithm.
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Figure 6: Some examples of the proposed method.
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