
Technical  note 
Computer  sculpture 

by W. H. Latham 
S. J. P. Todd 

This technical note illustrates the graphic techniques 
used to generate the cover of this issue.  It  should  be 
read  in conjunction with the paper on WINSOM’ which 
describes the computer program used to generate the 
computer sculptures. 

S culptures made by computers may be considered 
ghosts, in the sense that they exist only as com- 

puter  data  and not in physical form. 

In the past, artists made sculptures from many dif- 
ferent materials-marble, steel, bricks, and wood- 
in the workshop or studio. Our sculptures in  com- 
parison have no physical form; they are created in a 
virtual space viewed through the porthole of a com- 
puter screen. The forms can be rotated and viewed 
from any point,  and visual attributes such as texture, 
lighting, and surface qualities can be simulated by 
photo-realist techniques. 

The result is a highly-realistic representation of a 
sculpture that is imaginary. The three-dimensional 
realism is enhanced by the use  of stereo projection 
and  animation, yet the work of art itself remains  a 
mystery, since it cannot be touched. 

The  true significance of this is not  the irony of being 
unable to touch  the sculpture, but  the fact that by 
working in computer space we can create highly- 
complex forms that would otherwise be impossible 

to produce. The absence of  gravity and material 
resistances enables us to explore and  invent  forms 
which had previously been outside our imagination. 
We  call these forms computer sculptures. The system- 
atic approach we have devised to generate the forms 
is calledforn?  evolution. There  appear to be an unlim- 
ited number of forms that we can produce in this 
way-shells,  eggs, antlers, slugs, and sea  urchins- 
and, although we are creating forms  that  appear 
imaginary, poetic, and even romantic,  our approach 
is structured  and systematic. 

Before  he started to use computer graphics, artist 
William Latham experimented with a systematic 
approach to creating complex sculptures. While at 
the Royal College  of Art in London, he hypothesized 
a design approach called the evolutionary tree, in 
which complex forms are created by a series of simple 
operations on basic shapes. Using this  method, La- 
tham created a hand-drawn chart of example evo- 
lutions measuring 10 metres long by 2 metres high, 
of  which Figure 1 depicts a fragment. It became 
obvious that  the  computer could assist in this explo- 
ration of complex forms. 
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In 1987 the IBM United  Kingdom Scientific Centre 
commissioned Latham to produce  a series of com- 
puter sculptures. These were to use the WINchester 
Solid Modelling (WINSOM) system and Extensible 
Solid Model Editor (ESME) computer program de- 
scribed elsewhere in this issue. The results encour- 
aged longer collaboration aimed at  the use of the 
computer for faster form  exploration and generation, 
thus widening a sculptor’s creative scope. It became 
apparent  that  this work was also of interest to de- 
signers and architects who are similarly involved 
with problems of modelling complex forms. 

The collaboration is focused around two aspects 
which we discuss in two main sections. The use of 
simple programmed  operations, written in  the ESME 
language, helps us explore complex forms; the use of 
the photo-realist techniques of WINSOM enables us to 
realise and  communicate these forms. 

Complex  form  generation 

In this section we show how simple programming 
may be  used to design a wide range of forms. Two 
functions provide the  operations used to generate 
most of our complex forms. 

The first  of these is the horn function, that takes a 
form and  transforms  it  many times. Depending on 
the original shape and  the transforms used, a wide 
variety of forms may be generated as shown in Figure 
2. Figure 2A shows a simple horn; Figure 2B shows 
the use  of the  horn  function to generate a  pumpkin 
form; and Figure 2C shows a  horn  in which each 
contributing primitive is another  horn.  The  trans- 
forms  that define a  horn  are described using conno- 
tative terms such as bend, scale, twist, grow, and 
stack. These are words that  any  sculptor would use 
talking to  a  technician while making  a  traditional 
sculpture in  a workshop or  studio. 

The second function is the branch function. This 
takes a form and produces many copies of it radiat- 
ing from a  central  point, as shown in Figure 3. Figure 
3A shows a simple branch of cylinders; Figure 3B 
shows a  branch of horns. 

Combining  forms generated from these simple func- 
tions  permits  a huge variety of more complex forms 
to be constructed. The range of generated forms is 
illustrated in Figure 4. The power to generate very 
complex forms is combined with sufficient constraint 
to focus the sculptor’s ideas. While an infinite num- 
ber of sculptures  can be created, at any given mo- 
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ment we are restricted by the  limited  number of 
choices available to us; this has proved a good mix- 
ture for creative output. 

Form realization 

None of the  forms we have generated at  the UK 
Scientific Centre has ever existed as  a physical object. 
Some  are realized as high-resolution screen images 
or photographs, others  as  animations on videotape. 

As a form develops, we use a variety of realizations. 
The simplest realization is a wire-frame display, as 
shown in Figure 5A, which is generated very quickly 
and may  be  rotated  in real time on appropriate 
hardware. We  use this to check the basic form and 
to choose interesting views. Many  forms never pro- 
gress beyond this state. Next a low-resolution version 
is rendered, as shown in Figure 5B, using WINSOM to 
see that  there  are no features hidden in a way that 
was not obvious from the wire frame. Finally, WIN- 
SOM generates a full high-resolution photo-realistic 
image, as shown in Figure X .  

To achieve the photo-realist image, we have available 
a whole battery of special effects. These include  three- 
dimensional solid texturing, shadows, colour, and 
surface qualities. To use these effects, the  artist  con- 
trols various parameters which determine how the 
sculptures should be lit, define a style of fractal 
texturing, or describe a special colour or particular 
bumpy surface quality. Some  parameters  are set 
interactively and  some  are set using descriptive 
words, but  many still have to be typed in  as numbers. 
Once created, the  parameters for a set of textures, 
colours, or surfaces are easy to store and are used 
again. 

Although photo-realist techniques  are used, the  in- 
tention is to give the  forms  a dream-like quality. 
Thus,  forms float in  a  kind of twilight world, half- 
way between the real and  the imaginary. And, like 
in a  dream, they are lit with a strange eerie glow and 
have a  curious clarity. 

We can  make  the  sculptures  appear even more three- 
dimensional using stereoscopic projection. It is pos- 
sible to use stereo pairs, with two projectors and 
polarizing filters. This requires a special screen. Al- 
ternatively, a red and a green image are  combined 
on a single slide. This requires only one projector, 
but  the  colour of the image is lost. In either case, the 
viewer must wear the  appropriate spectacles. Texture 
is particularly important for stereo viewing, as it 



permits the viewer 
a surface and  not 
other surfaces. 

. to fix the  depth at every point on 
just at points where it intersects 

Animations are much better at giving a viewer a full 
appreciation of the form of an object. In the simplest 
type of animation,  the form is rotated to let the 
viewer  see  all  sides.  Figures  6A through 6D show 
sequences of a  rotation. More complex animations 
lead the viewer around or even through a form, as 
shown in Figures 7A to 7C. The viewing path is 
generated from the same ESME program that gener- 
ates the form. Finally, the power of animation per- 
mits the form itself to grow and become distorted in 
time (Figures 8A to 8D). This is not  a facility  avail- 
able to conventional sculptors. 

The combination of photo-realism and  computer 
graphics appears to be popular with the general 
public and lends itself to mass reproduction and 
televised broadcast. As soon as sculptures are made 
from data, the artwork ceases to need to reside in  an 
art gallery and  can be transmitted “live” into  the 
viewer’s living room. 
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Conclusion 

In the future, we expect to use more direct interac- 
tion in the design of forms. This interaction will still 
be constrained by the mathematics of form-genera- 
tion functions and not take on the freedom associ- 
ated, for example with paintbox systems.  We will 
bring the power  of the programmed functions back 
into  the original concept of the evolutionary tree, 
and combine this with other ideas on evolution to 
permit a new form of user interface based on the 
selection of system-generated forms. 

The form evolution approach has enabled us to 
create forms which had previously been beyond our 
imaginations and  to present the results to  the viewer. 
As holography improves, it will  be  possible holo- 
graphically to project a life-sized sculpture into  the 
viewer’s  living room. At that point, the ghosts of 
sculptures will truly appear. 
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