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GRID AND POLYGON REPRESENTATIONS

There are various ways to store architectural data
graphically in a computer, According to Mitchelll these can
be classified as: :

1. Regular grid

2. Hierarchical array?

3. Dimensionless representation of solids and voids®

4, Dimensionless representﬂtlon of spacesq

5. Polygon5

6, Dual graph® )

7. Smith diagram?,

Even though the above could be used for three-dlmenSLQnal
representatlon, computer graphlcs and computer vision
scientists prefer to use the following classification for
dynamic apd static representation8:
1, 3-D surface points
2. Polygonal network
3. Curved surface patches
4, Quadric patches
5, Cellular space
6. Polyhedra
7, Geometric form .
Ellipsoids :
Cylinders .
Spheres

According to the shape of an object that will be stored in
a computer and the geometric trangformations that might be
required for it, some representation technlques tay be more
suitable than the others. Certain approximatiomns of shape
can also be intreduced provided that they are justified

within accuracy versus transformations relation. The cost
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of representation, storage, and transformation operations is’
also a decisive factor on the choice of the technique to be
used.

‘The decision for a particular representation technique is

more complicated than it locks. In interactive graphics
procedures that evolve in time or that have more than cne
level of accuracy or set of operation requirements, a
single technique of representation might not “be satisfactory.
This introduces a complication that representation
techniques are not necessarily compatible with each other,
Some can be easily converted, some require tedious
procedures, same need an intermittent conversion, and some
simply cennot be converted. Computer graphics and computer
vision scientists currently give much attention to this
aspect?. :

One of the most popular representation techniques in
architecture, especially for Mies followers, is the regular
grid., It also happens that, the easiest graphics technigque
both in storage and manipulation by a computer is
coincidential with the Miesian one. The grid is stored as a
2 or 3-D matrix or sometimes as a string that can be chopped
up in a given pattern to obtain rows and columns.

There are numerous types of grids which are discussed in
detail by Mltchell . The reason why so many types of grids
have been developed is basically to be found in the
graphical restrictigns that grids impose. Each complex
figure is expected to be a multiple of a basic unit which .
is sometimes a rather distasteful limitation for the
architect, On the other hand, it impcses a discipline and
an ease of operation. To combine the benefits of grid with
the 'beauty of artistic lines', architects have thus come up
with a fleet of grid types.

We shall limit our discussions in this paper to regular
grids in which each cell is the same shape and size
throughout, Hierarchical arrays in which a cell could be S
divided into smaller cells, perhaps can be included in this
discussion but their appllcatlon is dependent to the .
availability of programming languages such as EULERI, We
can derive a rather straight forward hypothesis that each
object in space and its two-dimensional projection on a
plane can be expressed in terms of a regular grid if the
size of the cells are accordingly adjusted: The limiting
case of this hypothesis will be when each cell is reduced
infinitecimally in size so that every point on the object is
addressable, Even if this can be proved to be theoretically
correct, its practical application is impossible, Since no
knoun computer has 'infinice memory , the grid approach is
bound to be approximate to a certain extend depending on the
topology of the subject matter,

Another widely used representation technique is the polygon,
Even if not directly analogical, pelygen representation is
an opposire to grids, Instead of spatial domains (cells),

‘boundary elements (lines or vectors) are defined in this
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representation, There is no rule as to the storage

technique of vectors composin§ a shape and much attention
has been given to this matter!2, Polygon representation gets
considerably complicated if Spatlal domains need to be
exp11c1t1y defined.

To make the best use of the two techniques discussed above,
a method has been developedl® which will be discussed in the
remaining part of this paper. Two software systems, MAP and
DESINT'* will be mentioned. The former one uses grid
representation and can perform conversions from polygon to

grid. It is written for a Digital Equipment Corporation

PDP/8 based mini-computer system, DESINT, on the other lLand,
uses polygon representation and was developed for IBM and
UNIVAC mainframe computers. The two, however, can share the
same input data that can be generated by COMGRABH.MBNU15 and
input utility routines of MAP, COMGRAPH,MENU is not an
1ntegra1 part of the other two systems but it is an
interactive graphics utility package that generates sharable
files compatible with both MAP and DESINT. An external
computer—aided design algorithm, DYLAM II16 will also be
referred to, MAP system is capable of generating imput data
for DYLAM II as well as praphically produce the results on

a storage tube. A final graphics utility package known as
ISOPLOT? will be mentioned. MAP can also generate input
files for this routine which produces isometric plots with
hidden lines removed on grid laysuts with respect to the
z=coordinates of cells, The discussion of the systems will
be limited te their syntax.

INTERACTIVE INPUT

The concepts of grid and polygon representations are best

discussed on an example., The defimition of an arbitrary
site is input to the computer through COMGRAPH.MENU,
utilizing the Tektromix 4014-1 tube in the Computer-Aided.
Design Laboratory, Moore School of Engineering, University
of Pemnnsylvania, Figure 1 is the result of this operation.
The command menu on the right side of the screen is
activated by the cursors of 40l4-]1, and after the attached
electronic tablet is initiated, the plan is simply traced
in. The data generated from thls interaction is in polygon
‘form where curves are composed of short vectors. Figure 2
illugtrates the way this data is generated and stored. The
structure is a simple sequential 1list and for many
applications, it might not even be necessary to store
vector numbers (v} and node numbers (N1 and H2).
Furthermore, two coordinates for each vector might not be
necessary, P2's can be replaced by 0 or 1 standing for
pen-up or pen-down respectively between the first
coordinates of two sequential vectors. However, these
reductions will damage interaction capabilities,
especially for design applications where vectors (and
sometimes even nodes) might be assigned characteristies,
as will be explained socm.
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INITIALVZE

£RASE SCREEN
ERARL DIZFLAY

ERASE VECTOR

ERASE MENY

ALLGH TAILET

DAY LECTIR
LAPEL ORME WODE

R

LABEL aLL WOOK3

ATRUDL

LABEL ALL VECTORS .

COON DME NODE

Coom sl MIDE

"OUE WODE

JELECY WinDow

FACKUP LIPRARY
IMCLUDE FIOINES
KOJT MODE LABEL
EDIT YECTDR LABEL
BISFLAY STATE
ACTIVATE GRtD
ATGATEN PATTERN

usER OPTION 3

Figure 1. Input to COMGRAPH.MENYU using a UBER oFTEON &
digitizer tablet and a storage
tube, The table on Ear right
iz the graphics menu for
action selection. .-

v = wvactor number L

N1= nede number {starting)
. N2= node number (endijng)

Pl- coordinates of nolde 1

Pz- coordinates of node 2

|
- [
vector N]. l‘il2 Pl P'2

Figure Z, A data struckure for sroring,
Vectors.
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"18, DEC and PDP are registered rrade
narks of Iigital Squipmenc Gorporation.

Figure 3, Regeneration of input plan on
MAP system through the fileg
generated by COMGRAPH.MENY .,

raas R TTrE PN

.
1

Figure 4. Insertion of four more nodes
to the input map in order ro
encloze the stndy area,

Figure 3, The completed input.’

Figure 6. Data structure for assigning
characteriatice to vector
areas,

—1 0 [Bay 1

Figure 3 is the same map, but this time it is regemerated

by MAP sharing the already digitized data. The display is
transferred to a Tektronix 4010-1 terminal with the menu
removed, and the data is stoved on the RKO5 cartridge disk
of the DEC PDP/8elf,

Using graphics utility routines of MAP, the input is
expanded, Figure 4 is generated by inserting four more
nodes to the existing data and Figure 5 is the completed
input, The reason for framing the map is in order to be
able to assign characteristics to the enclosed areas., An
improvement on the earlier data structure (Figure 2) is

given in Figure 6. In this case, the vectors can also

specify spatial domeins, as the case of differentiating
land from sea in the example. In order to obtain a grid
approximation of this study area, the enclosed man is ' ,

-

CHARACTERISTICS DICTIONARY GRAPHICS INFORMATION
LEVEl- v Nl N2 Pl P2
ol Characteristic 1 2 3
0 Characterigtic 2 3 4
0 Characteristic ke — 3 4. 5
11 |sea . ' 4 5 6 |- .
5 6 7

i B ES i+2

i+l | i+2 | 1423

i+2 i+3 i+4

10 |Bay 2

3 j+1 | j+2

3+l 3+2 | 3+3

I+2 [543 | 3+4
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Figure 7. Interactive superimposition of
square grid on the study area.

Figure 8, Orrhogomal approximarion of
the input, :
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interactively superimposed by square grids. A satisfactory
superimpeosition is given in Figure 7, The reasens for grid
conversion will be explained late¥, Once the map is
satisfactorily superimposed by a grid, vectors are traced
and their intersections with the cells are calculated by
interpolation. Cells that have more area in land are given
the value 1, the rest being assigned 0. The removal of 0
valued cells is illustrated in Figure 8. By tracing the
grid first in x-dirvection, then in y-direction and only
plotting the boundaries where there is achange from1 to 0 (or
0 to 1), Pigure 9 is obtained, which is an orthogonal
approximation of the original input.

One of the main reasons for this grid conversion was to
prepare data for an automated space allocaticn program
known as DYLAM IT, but at this time we shall limit the
discussions to graphics. Another benefit of grid

~conversion is in the ease of generating contour maps.

Instead of assigning 1 to those cells that are .
charecterized as land, we shall code the assignments so
that the altitudes of the cells will be included.

Transferring the new data to the graphics program ISOPLOT,
Figures 10 and 11 are generated which have their hidden
lines removed with respect to X and y-axes, The isometric
drawings have been generated on a Versatac 12004
electrostatic printer-plotter. Further improvements on the
land coding make it possible to store various other
characteristics such as land value, plantation, etc.
Figures 12 and 13 are perspective drawings of one of the
characteristics of the site without the hidden lines
removed, This kind of representation is particularly
useful in techniques employing overlays, The cells that
have the highest number of 'desirable characteristics' will
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be dlsplayed ag the tallest 10cat10ns. The original input -
is never destroyed through the process and can always be
superimposed on the grid approximation for better
visualization. However, to obtain isometrie plots from
discrete geometric data is considerably more difficult and
not necessarily more accurate, Especially if the
procedures require 1ntersect10ns, unlons, . dlfferences, etc.
of spetial domains for various overlays, it is a very
tedious procedure to do such calculations using polygcn
data.

F:.gure 9, Removal of grids and leaving
the erthogonal boundaries.
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racrerieeics on the site
with x,v,z rotations of 459,
-50° and 240%respectively,

Figure 12, Perspective drawing of a \
chara . ;::5::“

Flgure 13, Perapective deawing of the
same characteristic with 259,
~15% and 2459 rotatioms.

- (gsee Figure 12),
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. 1, Digitized standard items in data blocks.
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ITEMS, GROUPS, AND FUNCTIONS

During computer-aided design, shapes or lines are not used
to generate impressive pictures, but for a synthesis of the

‘components to serve a purpose., As soon as the word

component is mentioned, 2 meaning is assigned to a
particular graphics item., Characteristics of land lots as
have been mentioned earlier, is an example for this, We
shall define item as the smallest complete component of

the system, Groups will be composed of items., A group can
also be individually addressed like. the items composing 1t.

In M&P, the concept of an item is falrly slmple' each cell
is an item. Cells that have similar properties form a
group, such as land lots having similar characteristics,
MAP can perform various functions on items (or groups). The
most obvious of these is the input/output thdt can be done
at various levels, The second one is the graphical
transformations that are either simple in nature {eg.,
scaling, translation) or more complex such as the
perspective or isemetric map generations as have been
previously illustrated. A final group of functions relate
to numerical analysis, statistical procedures, topological
operations, and set theoretical operations that are used

in various design functions. These will not be explained
here in detail, but Figure l4 illustrates the flow of the
system in general, It ie important to note here that the
item, characteristic, and operation specifications,
together with how they are specified bring in the issue of
a meta~language and man-machine communication., This subject
will be discussed at a later date, under seperate cover.

in DESINT, that uses polygon representation, definition of
an item is more arbitrary, Elements are represented by
vectors, therefore any one—coordinate vector (point), 2-D
or 3-D vectors, or their combination could form an item,
These explicit graphics definiticnsg are handled in three
modes by DESINT:

2, Procedural definitions for generating otherwise
difficult~to-digitize items.

3. Interactive input for user-defined items.

The additions to Figure 14 are not in functional sense, but
with respect to technical differences. First of all,
characteristics as well as item names point to discrete
graphical definitions as opposed to cell locations. Since
some of tHe items might be rather complex in nature, they
are identified by a frame around them termed a box. This
simplifies set eperations (such as intersections)
considerably. Sscomndly, unlike grid cells, the indiwidual
items can be modified graphically. Therefore, in

addition to characteristic changes, graphical changes are
also introduced to the input and modification routines, The
functions mentioned for MAP also apply to DESINT with the
added digadvantage of complexity. Set theoretical
operations oh polygon representation have been discuszsed by
Eastman and Yessios'”. Numerical operations for fitting
irregular polygons to fixed areas have been discussed by
Weinzapfel and Negroponte 20, Graphical operations are
similar but the transformation procedures are technlcally
different. . \
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Pigure 14. ¥low diasgram of the sysrem.
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KEYWORD
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SYSTEM INTEGRATION

As have been uentioned a few times, there are advantages
and disadvantages of grid and polygon representation
techniques, An attempt has been made to combine MAP and
DESINT in such a way that one can utilize both
techniques wherever meeded, The example in the paper in
fect is an illustration for the integration of the two, .
Basic definitions are kept in various files on a disc,
These files are related to each other by means of
various pointers, The seperation of graphics information
from the non~graphics one is in order to protect the
meanings of items from being misplaced when conversions
are performed, These conversions are performed by MAP,
DESINT will generate files on pelygon representation

-only, as well as interacting with the existing ones.
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DESINT will also 'recegnize' various items in order to
generate color perspectives with hidden lines removed,
This will be discussed in a following paper., The user is
assumed to know the keywords related to the two
techniques, handle the cursors of the Tektrenix scope,
use the pen of the associated tablet, and generate his
own vocabulary of item defipitions and characteristics,
The system will then make it possible to generate an
evolving graphics data base that has a set of associated
attributes (characteristies), modify and perform
transformations on it, handle some design oriented
activities, and produce input for other computer—aided
architectural design (CAAD) systems in the form of
graphical and relational data, The results of CAAD
procedures (either automated or interactive) in return
modify the existing files and relations thus produce new
statistical information, graphical output and relation

pattern, ,

CONCLUSTONS

This approcach is believed to demonstrate one of the
requirements of CAAD in that the user must be given a choice
of his graphic representation as well as define his own
vocabulary within given limits. Although the procedures
described here are not necessarily easy to program and
produce some redundancies, they can save enormous amount

21, URBAN-S is digcussed in various of computer time., This is especially true for some _
hacks and articles by ¥.Negropance of operations that can be performed easily on particular -
which we sha ueLe LWoi - . ) ) .
mnmmwmng,ﬁ;aﬂmneﬂmmgmﬂnm, represent§tlon_technlques, but with great difficulty on
Cambridge, Mass.: The MIT Precs, 1970, others, Similar procedures can be applied to other

PP fL1=Yd. . * -

N.NEGROPONTE, URBAN~5: Ao Bxperimental . ~ COmpatible techniques,

Urban Besign Partner, in M.Murray (ed.), .

Computer Graphics in Architecture and N 4 .. . .
mmi;,Emgndh$softheYﬂg. The integration of MAP and DESINT brings in the idea of an
Confierence on Computer Craphics in meta—language. An earller example of such an 1ntegrated
Architecture, Mew Havens Yale University,

1969, system is URBAN-521

The difficulties encountered during the development
bagically relate to a complicated data structure and
numerous interrelated files, Thus, there are a number of
cumbersome garbage collection routines, but this was
justified as a trade off between the generality as opposed
‘to computer time and disk space,
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BiLGISAYAR YARDIMI ILE MIMARLIK TASARIMINDA
1ZGARA VE COKGEN BETIMLER

UZET

Mimarlikta genellikle yedi tiir bilgisayar ile ¢izge tekniji
kullanilmaktadir. ¢ boyutlu bilgisayar ¢lzgesi ile

ugragan bilim adamlari, bu teknikleri daha degigik bicimde,
on baglik altinda toplamaktadirlar. Bu yazida, bunlardan
iki- tanesi, 1zgara ve gokgen ¢izim tekniklerinin bilgisayar
kullanarak mimarlikta uygulamalar: tartigilmakeadir,

Izgara yaklagimi, fazla duyarlik gerektifi zaman agiri
bilgisayar bellegi gerektirmekte, ancak kullanilmasi kolay
olup, mekansal tzellikleri rahatlikla tarif edebilmektedir,
Cokgenler ise, hemen hemen her gekildeki ¢izimi duyarlikla
ifade edebilmekte, ancak sadece ceper gdsterdikleripden
mekansal iglemlerde zorluklarla kargilagmaktadirlar,

Mimarlikta bilgisayar uygulamalari yapan kigiler, cgizge
zelliklerini aragtixip, kendi gereksinmelerine uygun olan
bir veya birkag tanesini segme olanaklarin:i diisinmelidirler,
Birden fazla teknik kullanildiga zaman, bunlari

birbirlerine déniigtiirmekte gerekebilir. Bu bazen keclay,
_bazen zor, bazen de olanaksizdir, Yazida, 1zgara ve gokgen
yakla§1mlar1n1n bu ydnde bir incelemmesi yapilmig, gokgen
gizimlerin 1zgaraya doniigtiiriilmesi ve ikisinin ayma anda
kullanilmesi orneklenmlgtlr
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