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ASTRACT

Le projet d' architecture rapporte cons tamment le prob1eme
de pro jet a son conte :te.

Le changement coatinu d'echelle nest done par. un jeu de
representation pure ma is devient un changement de language
qUl r5 etto'ice de 'iend'ie 1'e=.paCe du pru_jet iaible et
controlable.

I1 est done desirable de depasser less methodologies de CAD

tra. ditionnelles re ferablec. a' une casuis.tique p.rfa.ite dans

un certain seas. et independente du contexte de
l'architecture et de son territoire.

Ce rapport e.:pl ique les methodologies. appl iquees pour le
contr -:le d u style de la rep'-resentation et de la base de
donnee=. cans a construct ior d'une maquette vi it uci le q;.
dev ienne 1 = m, -j- o iv de=_. intent ion de pro jet.

The architecture project constantly refers to the question

of project ion in its ot"Jn context.

The co ntinous change in scale is not therefore a game of
pure representation but becomes a change of language which
attempts. to make the pr o_iect space visible and control lable.
It is therefore desirable to pass over those traditional

CAD methodologies that refer to a casuistry which is, in a
certain sense, perfect and independent from the context of
the architecture and its. sorrounding.
This report illustrates the methodologies used to control

the style of the representation and the data base used in

the construction of a virtual "maquette" which becomes the

mirror of project intentions.
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1 . -I _N_T_R_,O_D_U_C_ T _ I _U_f .

The major part of the currently produced de s ign systems, ar
CA[), have their ori:jin in the-field of mechanic or in that
of schematics !for installations and for• circuits?.
Their extension to the architectonic planning sector has
gig-)en very mediocre rre=_ultit i s in fact not enough to
produce images of object=- extracted from certain

applicable field to demonstrate that the ysystem is_.
applicable.

On the contra-r'.. It is not the subject or the theme of the
image which defines the applicable sector but rather the
context, the method of the model's construction, and the
aty1e of the representation.
In other words., the base=. of knowledge and c.f informat ion

a.bout specific problems are that which guarantee the
applicability and utility of a system. The CAD and design
systems current ly on the market confront architectural and
urban is t i c problems. e=_=entially in configurations such as:
- systems for cataloging building components
- ='stems for thematic cartographic

graphic layout _ stems
These approaches do not, in reality, intervene in the
planning process, nor do they attempt to comprehend the real
i n f o'rma t i y:,e flu .
On the contr•ar•y, the requirements of research and of
didactics in the architectonic- environmental p lanning sector
translate themselves into a syncronic attitude with respect
to the different scales in which the urbanistic-
a•r'chitectonic morphogene= is expounded.

2. _C_O_M_P_U_T_E_R-_G_F-H_P_H_I_C-S__I_N__T_H_E_

ARCHITECTONIC: PROJECT: MIMESIS OR RHETORIC ='"
The open problem of Computer Graphics, a.s in all
inno'jations, is that of delimiting and defining the field
beyond the demons-trat ion of the efficiency of the computeral
and photonics. means..
To approach an explanation of Computer Graphics solely with
the two concepts of "hardware" and "software" would
inevitably lead u to a cataloging of algorithms, techniques
a.nd products already well- documented commercially.
On the other hand, the comparison between " eidos " and idea
inherited from Platonic metaphysics is not sufficient to
explain the complexity and relative autonomy of modern
and i ov i=_.ua l commun i cat ion.

The scope of Computer Graphics and of the method=_s which
have been de eloped is nat. in the strictes t sense,
acientIfic.

The enjo:,,ment of the representation and of the ex-position
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(Dar-Stel l u n g ) p r e v a i l = over that of the explanat ion and of
the project.
The use of technical apparati is incidental.
The matrix common to all the studies od Computer Graphics

is the imitation of nature (not necessarily kno(..!ledge of it)
and also the imitations of other imitations (te1evisua1 or
pictorial, for example).

The question of mimesi and art in a modem and post-modern
sense is therefore central to the method of producing the
virtual moquette and using Computer Graphics in the
architectural project.

The territory' which separates art from real it>. is that of
representation, while simulation and the construction of
models form the science'-. metalanguage.
However, art, sceince and knowledge also form the te r rain

on which the te c hniques., o ld and new, which concern visual

communication, encounter one another and collide.

Even if presented aa. pure information, the numerical
digital mimesis is by consequence a.mbi:ii1ant: 1;:ithin it, as
within ever;' imu l.ation representation .and falsification
coexist.
The heading "imitation" from Quatremere de Quincy's

"Historical Dictionary of Architecture"is once again actual:
"To imitate by means. of art is. to render to the senses the
idea of a thing, with means different from those which form
the same thing.
To imitate doers. not necessarily mean to create the image or
to reproduce the resemblance of a thing... . of nature...
One therefore imitate=. nature doing as she does, that is,

not duplicating the i^.work as such but appropriat ing some
principles which serve as guider•ule= to this work, that is,
to its spirit, its intentions, it s lat',,s... " Here then are
the two mat r•ixes-, t he phantasmat ic and the i cono-dem iur'gic,

which are at the basis of current computer-image product ion.

On the other hand it is also true that the architectural
project cannot assume the artificial separation between
model linos and visual ization which is at the basis of the
current systems. In architectonic composition, image and
de=_. i gn are used as language.
The problem of controlling the style of the repres entation
becomes, therefore, a central theme in the development of a
visualization system for the project.
We can easily recognize three form-. of rettoric in Computer

Graphics:
- •the special effect rhetoric, or virtuosity in the
technical construction of the ima.ge, referable to the
special machine.
- the rhetoric of computer-presence
- the rhetoric of graphic interface and of the continual
flux of data.
The relative efficiency of the instrumentals has up to now
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riot compensated for' the damages produced by the ins trumental
identification of information and knowledge , image and
project

CONSTRUCTION OF THE VIRTUAL "MAOUETTE""
The principal objective of our' research wwas. that of

ident if-ing structure of data and methods. that permitted

the effectuation of immediate manipulations of the image,

and through the image, on the model, with the least possible

recur'r'ence t o a "pre 1 imi nary model l i rig".

In the tr'aditiorial formulat ion, two fr'ame_buffers ar'e used
to marta.in color (_-buffer') and depth (---buffer) data.
However, one quickly realizes- that the usual 16 or 24 bit
limitation of these buffer's does riot allow for the correct

resolution of the field-of-vision depth and for the range of

foci necessary for' visualizing even very simple

architectonic and urban landscape (such as a. square, for
example).

In such cases, one realizes that the in-depth resolution is
more important than on the image plane.
Further, in this case, it is necessary to maintain other
buffers for' shadows (s-buffer), for normal ones and for
shading (n-buffer) and for textures (t-buffer) in order to
proceed to ulterior elaborations.

Not,,,, even if the memory cost decreases., the disper-=ive arid
fragmentary character of this formulation is evident.

4. _P_0_ I_Fd_T_E-F._-_ B_U_F_F_E_R

In the system which we began to construct five years ago,
the technique of a single buffer, called pointer-buffer (p-
buffer) was adopted : in each pixel i=_ . registered, not the
single datum of color or other but the pointer or key of
acce ss to the data base which contains all the information
regarding the object indicated.
In this way the modification of the image is identified

with the modification of the model.
The result s obtained even on smal l machines (POP 11-23) and

with 12 bit '_ of p-buffer' are surprising.
in particular, we believe to be of special interest the

possibility of modifyng, in real time, the choice relative
to materials , colors, and light sources.
This formulation is very similar to that developed by

Martinez in France.
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The sys_terr, integrates different model of illuri nation - and

a d m i n i s t e r s , i n a Simi lary simple manner, different

algorithms for the generation of shado1.,J=, following a

process logically divisible into six pha.=.e

1. identification of the plane limiting the shadows'
project ion

idertific.sticon of the light planes
;. Identification of the planes O'i i Ihouette which

generate shadoLwJs.
4. extrusion of the silhouettes.
5. -resolution of the intersections in the p-buffer betuieen

shadow-vo l ume and objects
6. generation of a model of col orat i on of the shadow =_.

t hems 1 ve ss..

Only the fifth of the=_e phases- is developed in screen

coordinates, while a.11 the others are resolved in project

coordinate=...
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6. _T_H-E-- H-A-D_O-V1--P_L_A-N-E_S

The element of newness. introduced is witout doubt the
notion of a shadow plane independent from a light source.
The shadow plane acts not only as a clipping plane on the

extr•usic•-n, tendentially infinite, of the solid shadow, but
is the su rface on which the shadows must necessarily appear.
Further, a polygon which 1 ies on a shadow plane cannot

generate shadows.
This concept leads to a notable =simplification and to a
factor-10 reduction in calculation times for detailed
architectural scenes.
A first method of simplified visualization rnai in fact

consis t of the simple projection of the invi sible (or
vissibl-e ) faces from the light source onto the shadow planes.
For example, the cornices or reliefs of a facade will have,
on the plane of the facade itself, the natural projection
site of the shadows thems elves.
This -rule is valid in all the assemblages in which one
object lies on anhoter.
The de s cription of the shadows planes i = therefore
information which is determined at the act of composition of
modelling.
Naturally, every space can have one or more shadow planes.
If we consider a room, for example, it is logical to

consider the vials , ceiling an d floor as planes for the
projection of shadows.
Having illustrated how to multiply the shadow planes, here
are some rules by which to diminish the number of
Operations:
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- I. A shadow plane is not active if it is not visible from
the I ight source

Ari object i= active. for the shadov,' processor only
7.t lea.st one active shadow plane exist.
Another original aspect of the metho d is_. that o f render ing
^.'i=_ible the procedure of the construction of the shadows
themselve s and ma k irig p ossible, in r eal time, the

mod ification od the sh a dol•J- c oloration model and switch ing on
and off the li ghts them=.elves.
For s hadov:w- generation, in fact, a p-buffer is used for each

light source, plus-- . a re auil i=_ry bit wich signals the
proc=essor to indicate if the state of the polygon's shadow
i=_. partial or definitive.

The pi el in which the shadow- tae is defir,iti e will no

1 or;ger be taken into con=.iderat ion.

-C-! 1-Pd-i_-L - II I-i'_P-

The mechanism for constructirig shadows (a,ith the p-buffer
has rek.)esled itself ext•r memly efficient, and w ith a few
variation=. ha.s been adopted for the visualiza tion of =shafts
of 1 i.1ht.
Further, an extension of the method permits the

administration of both the reflecting and the trasparent

Surfaaces of the representation.

Natur_a.l ly, it would be be=-t to apply the method only to the
surfaces that the architect has defined as mirrors or glass,
and not casual ly on every pixel.
N i t h the same met hod it.ha-s been possible to render and

r-eso1^.!c, or, the image plane, the problem of surface etching.

This- does not yet coupe=pond t.o Boolean algebra, but
e>.:cellently resolves the problems of "bas-relief" and of the
subtraction of material in the thickness of a volume.
The construction of a virtual " maquette " as a project
operation requires a new methodology for the development of
graphic systems for architecture in which the net separation
betvween, modelling and visual isation is not as s umed.
The e xperiments conducted and' the method illustrated
indicate a possible way of meeting model - construction
problems on the image plane.
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