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INTRODUCTION

Design and Construction Transformaticn

Dramatic changes have taken place in the construction
industry in recent Years. Fewer than one hundred years
ago, construction was accomplisiaed through a designer-
craftsman joint effort. The designer did some drawings,
which by today's standard would be considered little
more than preliminary drawings describing the appearance
and the approximate materials. The craftsman would then
employ his own knowledge and skills to further enhance
the intent of the drawings. The craftsman in this case
was often aesthetically oriented and knew detailing
better than most designers. .Law suits were practically
nonexistant except for major failures in which buildings
collapsed or whole elevator and stair systems might have
been forgotten.

Less than thirty years ago craftsmen were rapidly disap-
pearing and building was becoming a process shared between
the designer and the contractor, in which only occasional
contact was made with the craftsman directly. Buildings
were becoming much more complex as was the communication
of concepts through drawings and specifications.

Today the desire for more sophisticated buildings and

the emergence of technology have had an increasing effect
on the cost of buildings. The technology alone involves
many special engineering and testing professions. Respon-
sibility also runs high. For example, the architect is
now subject to so many law suits for errors and/or omis-
sions that he now feels compelled to carry insurance a-
gainst such errors. The frightening prospect of having

to be responsible for the safety of people within the
building for periods extending over twenty years is so
appalling that few people have been willing to undertake
such responsibility. This ruling has been recently changed
to provide a statute of limitations, vyet the need is still
abundantly clear for more reliability.

Looking toward the future, accelerated communication in-
evitably means rapid change requiring more and more re-
liability in design techniques, and more speed both in
design and construction. It now takes almost as long to
design an object as it does to build it. In the case of
national defense, the urgency of certain projects is often
critical for an entire defense effort, yet months or years
may be expended in the design of harbor facilities, ships,
Planes, defense bases, supply facilities, mobile equipment,
satellites, and hundreds of other items which could spell
the difference between- success or failure of defense

e




ii

movement. There is little question but what a properly
cocrdinated design system coupled with structural and
mechanical capabilities would speed these operations im-
mensely. However, for the benefit of man himself, speed
alone is not an adequate solution.

Man's needs run deep with psychological reactions which
have been with us since history began, and do not manifest
themselves through tools alone. He requires a way of
interacting with his tools in order to discover a more
meaningful environment in whicii he may fulfill his desires
and aspirations. The proposed Space-Form design sysem is
such a means of interaction. It is the opinion of the
writers that many of man's desires and aspirations never .
materialize because no easy way of studying the environ-
ment has yet existed without resorting to actual construc-
tion. 1In other words, the tools and the language of the
tools has not permitted sufficient communication ani

natives. It is the aim of this project to not only speed
the process of design and construction, but to give archi-
tects and other designers a full measure of man-machire
interaction. It is a further object of this project to
£free the designer of tasks which are better done by the
‘machine and allow his’ major efforts to be devoted to con-
cepts beneficial to man.

The authors believe that total man-machine interaction
where man does that which he does well and the machine
does that which it does well is the answer to the common
fear of machine-made decisions. The machine can make
decisions only as well as the man has programmed it to
make them. 70 link man and machine in a creative team is
the main goal of this research effort. Since the very
essence of creativity lies in the surprises and reactions
which man encounters, we feel that man must interact with
the machine especially on those levels which affect the
behavior of man. Space-Form is particularly oriented to
frequent interaction. 1In fact it is essential that all
decisions which influence man's environment be made by
the designer, :
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Space-Form Computer-Aided Design for Architects

The original idea for the use of spacc~-forms as a pre-
programmed way of design came from Dr. David Evans in
1967, Dr. Larry Roberts, and Dr. Ivan Southerland who
did some block space-form work several years earlier,
but only by specifying coordinate corners. With punched
card input they constructed a Primitive castle from
programmed blocks and pyramids. This was then rotated
into various views with hidden lines removed and photo-
graphed on the Cathode Ray Tube. The problems of re-
moving hidden lines in those days was very costly in ma-
chine time because every line in the design had to be.
'related to every other line in the design before the
machine could determine whether a surface descrihbed by
two or more lines obscured any other line.

Much of Space-Form is dependent upon effective hidden
line removal. Concurrasnt work being carried on at thisg
University by John Warnock is, therefore, quite important
"to us; for he ‘is developing a halftone display which ef-
fectively resolves the hidden line problem. Hardware,
developed by Alan Erdahl, will reduce the time required
for halftone display to a few seconds. John Warnock is
also working with colu: halftone photographs.

We wish to thank the balance of our staff listed separately
below the authors for their constructive criticism of our
ideas as they were discussed in the light of their appli-
cation to architectural design. It was generally felt that
all items of construction, no matter how small, were three-
dimensional in nature and could therefore be dealt with

as space-forms. Some forms such as changing land surfaces
present special problems. However, if one thinks of a

land surface in the same way as he would build a topographic
model, ‘then it can be dealt with simply as a single form,
or multiple layers of space-forms. Other items such as
pPiping and wiring are so specialized they may require
additional manipulating capability before they can be pro-
perly incorporated into the designs. There is no problem
about shaping a vinyl-coated copper wire, or a galvanized
Pipe or even a fitting, but we have not addressed our-
selves to the problem of threading automatically these
forms through other space-forms such as studs and beams

to their destinaticn.

Once the space-forms are fully implemented on the computar
graphic system, the next step will involve a rigorous
testing program using real problems and architects and
engineers. We view this as a time of considerable change
as well as a period of debugging. The total system might
include:
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1. The Space~-Form design system.
2. Data storage and retrieval system.
. Structural design system.

. Quantity and cost analysis system.

3
4
5. Various building systems--such as mechanical, electrical,etc.
6. Survey input system. |

7

. - Numerical control output for models or components.

Obviously many of the above may not originate with this
research effort, but will be interfaced to the Space-Form
system which is the core of our research. However, included
in our effort will be a compact console design some of which
will be stock parts and some of which will be specially de-
signed. We hope that any office will be able to afford one
as well as the high or low speed connection to a central
computer.

One last point should be made clear. It is not the intent
of this research to develop a system which will produce
working documents and specifications in the traditional
sense, although all that information will be available and
may be essential during the transition to new ways of build-
ing. The ultimate system would work something like this:
When the design is complete it will be stored on tape at

the central computer. The contractor would purchase a con=-
sole similar to the architect's and would on receipt of

the design name and number be able to call up the same
design by rotation, sectioning, zooming, scanning, and all
the other capabilities that were available to the architect.
He would then order plots or specs from the center as needed

for his purpose, as well as use the quantity and cost data i
for bidding and ordering. Any change orders would be re-
corded and altered in the design, and the center would auto-
matically alert the contractor of any change which applied
to his job and at the same time request a change in price.
This could be approved or rejected at the architect's
console by the owner and architect with a transfer message
by teletype back tc the contractor. Needless to say, all
bookkeeping for both contractor and archltect would be

done on their respective consoles.

The following descriptive maneuvers are presently being pro-
grammed and debugged. They are far from complete, but do
represent the needs as we see them at present. We have
termed this an interim report until all aspects of the needs
are programmed or altered. Any extension of the Space-Form
concepts will be added to this report as Addenda under
separate authorship.
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1 THE SPACE~FORM CONCEPT

The chief aim of this paper is
to describe a process of design
which involves the digital coin-
puter as the basic tool of the
designer. Strongly implied in
this process is the development
of techniques which-allow for a
free-flowing interchange of in-
formation between man and ma-
¢hine. This "real time conver-
sation" is essential to merging
the attributes of the machine
(memory, accuracy, speed) with
those of man (decision making
ability, imagination, curiosity,
intuition, invention) into a
strong team. A cathode-ray tube
(CRT) display and a stylus with
tablet replace ‘the drawing board
and pencil, A typewriter key-
board and other peripheral devi-
ces will assist in the communi-
cation. The proposal is to use
a selected set of geometric pri-

mitives as building blocks. These

three-dimensional primitives will
be referred to as basic space-
forms, and are the means through
which the designer will repre-
sent real world conditions.

There are several reasons why
space-forms are to be used as
graphical coiputer input rather
than free sketching. The most
significant derives from the
two-dimensional nature of the
CRT display. When perspective
drawings are made on a flat sur-
face such as paper or a CRT dis-
play, they represent -three-di-
mensional objects in two dimen-
sions as seen from a single van-
tage point. 6ince a part of the

. e wim e Alo




object is hidden, the two-dimen-
sional picture contains less in-
formation than the object itself.
In fact, an infinite number of
solid objects can be constructed
having exactly the same two-dimen-
. sional projections. Man applies
judgment based upon past experience
to make the most probable interpre-
tation. The computer can be pro-
grammed to select the most probable
instance; but this type of heuris-
tic programming, while of great
interest, is very involved and pe-
ripheral to research on a computer-
based design system which involves
a strong man-machine relationship.
The objects which represent the
final result of the design process
all occupy space--they have volume,
and this suggests that primitive

or basic drawing elements should
be three~dimensional in nature in-
stead of volumeless lines and points.
Thus, one may wish to think of the
space~-forms as the stuff with which
one draws. If thought of as build-
ing blocks of any size and scale,
one can easily imagine building up
an object, and to do so in a manner
which can only be interpreted in
one way by the computer. The ba-
sic space-forms are the simplest
three-dimensional shapes the com-
puter will know.

The designer must be capable of
developing his design in a reason-
ably short time within the limits
of the system, and should not be
burdened with maintaining mathema-
tical descriptions of the geomet-
ric relationships and topology of
the schemes he is developing.

It is important that the machine




1.1

1.2

maintain this description for
“real time" interaction. In or~
der for this to happen, the ma-
thematical model must be simple
and compact. This is another
reason why space~-forms are used
to communicate graphically with
the computer.

The Basic Space~F~rms

‘The basic space-forms which will

be ucsed are: the cube, the cy-
linder, the hexagonal rod, the
triangular rod and the sphere.
Each of these basic forms can be
thought of as notions. For ex~
ample, the cube represents the
notion of "cubeness" and as such
has no other property than that
of cubeness.

Space-Form Index

The basic space~forms will be
displayed in an index which
would be a part of the larger
design system data structure.
Also included in this index
could be any other space-forms
which the designer wished to
include. For example, the de-
signer may wish to use a tetra-
hedron and an octagonal rod in
addition to the space-~forms men-
tioned above. Ultimately this
index would be built~up by each
individual designer and woulid
include the forms which he per-
sonally prefers to work with.
This does not imply that he
would be limited to the exclu-
sive use of these forms, for he
is free to reshape any of the
forms at any given timé. He
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1.3

may do this without destroyirg
the original form since the sha-
ping routines are carried out
upon copies, and not on the ori-
ginal, which remains in the in-
dex. The designer will also be
capable of removing a form which
he no longer wishes to use.

Space-Form Key

. The designer, upon initiating a

design, would select from the
space-form index displayed on
the CRT those forms which he
wished to use in the problem at
hand. After selection of a gi-
ven form has been made by point-
ing to it with the stylus, a co-
py of this form would appear in
the space-form key which would
occupy a portion of the display
face. That portion of the dis-
play to the left of the key would
be the working surface. After

the desired sruce-forms have been

select.d and the appropriate com-
mand given, the index would be
removed from the working surface
and the designer would be left
with only the key containing

the selected basic forms, and

the clean working surface.

The act of calling-up or signal-
ing one of these basic space-
forms onto the working surface

‘would be accomplished by attach-

ing the stylus to any part of
the form and moving to the de-
sired position. At this point
the designer is dealing with a
specific instance of the basic
notion, which still exists in
the key. When stylus contact is

#3
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1.4

‘could be found by displaying the

broken, the instance will remain
in place. The designer is now
free to bring other instances of
basic notions to the working sur-
face, and may begin "building up"
his design. If he wishes, however,
to change the size or shape of a
single form; he may do so. A de-
tailed description of how each
basic space-form can be shaped
follows in Sections 3.1 and 3.2.

Transformed Space Forms

After a basic space-form has been (r-
changed in any way by shaping, it

is called a transformed space-
form. These space-forms can be
retained for future use by the
designer if he wishes. This is
accomplished by giving a command
to "store" at which point the ma-
chine would place the description
of the form in the supporting da-
ta structure. A transformed space- kx

form derived from a basic cube

space~-form index, touching the
cube with the stylus and giving.
the apprcpriate command to get

to the next level. At this point
all of the transformed space-

(8
forms deriving from a cube would : ﬂﬂﬁh CEA eee

be displayed.

Another class of transformed space-
forns comes from the grouping of
basic space-forms without any sha-
ping having taken place. When

two or more forms are grouped and

s e

named they can be: stored in the K;
same manner as above. Any combi-
nation of grouping and shaping is 6

possible, but storage.can become
a problem vhere grcups may be



1.5

composed of more than one basic
space~-form. In this case it will
be necessary to add to the basic
index a "composite" command to
allow .or easy access to stored
forms made up of more than one
basic space-form. Some complex
forms can be developed through
revolving basic or transformed
space-forms about certain axes.
This class of transformed space-
forms will be discussed further
in Section 3.2E.

Object Images

Space-forms shaped and combined
to closely represent real world
objects eventually can be made

to simulate the actual object.
This is accomplished by assign-
ing attributes to the transformed
space-forms, such as material,
color, etc. Once these assign-
ments are made, the machine will
present the object image to the
viewer as near as possible to

the way it would actually look.
For example, one may assign to

a group of space-forms the pro-
perties of concrete. This would
be accomplished by pointing with
the stylus to each space-form

and typing "concrete." The ob-
ject would now "behave" as though
made of r.oncrete; that is, the
physical weight of the object in
concrete would figure dominantly
in a structures analysis program,
and its heat loss and heat gain
would figure strongly in an ana-
lysis of a mechanical system.

One can go on assigning attributes
such as "monolithic" at which
point the lines between the space-

#7
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forms would disappear, and cer-
tain texture conceived of and
named by the designer could be
applied.

The object image, then, is an
advanced state of the space~-form--
when the space-form actually be-
gins to take on the visual and
non-visual characteristics of the
object in the real world.
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2. SOME CHARACTERISTICS CF SPACE-FORMS

Initially all space-forms are
made of unassigned material,and
while in this state they can be
either opaque or transparent--
depending upon the needs of the
designer. Space-forms can also
be assigned the physical proper-
ties of materials, and in this
state would appear visually to
be made of the material speci-
fied. Each of these three states
will now be discussed in greater
detail.

2.1 Three States of Space-Forms

2.11 Opague . )
If the characteristic of opaque-
ness were not given to the space- (r HH
forms, all edges would be seen.
It is felt that even -in design
schemes of minimum complexity
it would be confusing if all
edges defining the space-forms : L.
were allowed to remain in the ST
picture. Therefore, edges that
would normally be hidden if the
space~forms were solid will not
be seen in this state, and to
see hidden portions of the de- Khh__ #z)
sign will require rotation or
sectioning (which will be dis- 48
cussed later). It is felt that
this opaque space-form will
serve the needs of the designer
most of the time.

HH

It is recognized that the pro-
blem of removing hidden lines
is a big one. However, a con-
currant project at the Univer-
sity of Utah is solving this
problem. *

2.12 Transparent

' In certain special cases such
as some types of structural frame
design or space analysis, it may -
be desirable to see all edges of

*John Warnock, Hidden Line Algorithm for HalfemMana




2.13

individual or group space-forms.
This would permit the designer

to deal with a three-dimensional
linear space frame as a network
of lines. These lines could then
be used to represent the various
structural members at their cen-
troids or edges until such time
as it seemed desirable to convert
these to real beams, columns, etc.
A symbolic non-specific rectangu-
lar or triangular equivalent might
be introduced as the first step
to converting to real materials.

_ This would cive the designer a

chance to study relative sizes
physically before converting to
a specific material.

Again, in the planning of indoor-
outdoor spaces it may be desir-
able to view certain space-forms
as if they were transparent, but
with edges defined. This certain-
ly would be true in the early
phases of design of a modular
building with many penetrations
such as terraces, courts etc.
Since opacity is the usual case,
transparency needs to be invoked
by stylus selection and typed com-
mand. or mode switch.

Material

As mentioned in Section 1.5,
space-forms can be made to ac-
curately reflect the real world

by assigning to them the proper-
ties of specific materials. This
advanced state of the space-form
is essential for simulating the
performance of the design solution.
The maraer of designating materials
was covercd in Section 1.5, and
will not be treated at length here.
However, it may be helpful to dis-
cuss one other material assign-
ment which can be made by the de-
signer.This assignment which the
designer can make is that of "air."
He makes this assignment in the
same manner as that of concrete

or any other material. The result

E ]
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2.2

of such an assignment can be clear-
ly seen in the illustration (#12 )
of an opening in a wall. It does
not really appear as an opening
until the space-form representing
it is assigned as "air." This is
visually similar but not the same
as "transparcncy." A transparent
space-form can still be assigned

a specific material. Once a space-
form is given a specific material
by command, it can be changed with-
out- reversing the last command or
deleting and replacing with a new
space-form. The designer may wish
to change materials after having
specified one. A later specifica-
tion will replace an earlier one.

Interpenetration of Space-Forms

At the outset the space-forms
may only serve to define a cer-
tain volume of space. This is
their intended basic nature and
purpose. It is further f~lt that
at all levels of design, space-
forms should be allowed to inter-
penetrate one another. As a ge-
neral rule the portion of the
space-form penetrating another
space-form should be subtracted
from that space-form. Thus, as
space-form two penetrates space-
form one (as in illustration #H )
that portion of two (labeled 3
in the illustration) would be
subtracted from form one. As
space-firm two is progrescively
withdravn, space-form one fills
in behird the retracting form
until botlhi forms regain their
original and separate identities.

It will be extremely important
to the architectural designer

to be able to penetrate one form
with another. An example may
serve to clarify this. The sim-
ple case of placing a space-form
representing an opening in a wall
will be a common enough problem.

10
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in architectural design. The
window could be located in many
places in the wall, and some po-
sitions would be more suitable
(or appropriate) than others.

The process oi designing this
wall would include the designer's
searching for the "best" position
for the window. If he can pene-
trate form one with form two and
freely move form two about within
form one, this process of search-
ing .s easily accomplished. 1If,
however, the designer is not able
to penetrate one form with another,
he must build up the wall and win-
dow assembly out of five space-
forms, and the size of each must
be predetermined. Any change of
position, however, slight, means
a corresponding change in every
other form. In that case the de-
sign process of searching for the
"best" position is extremely com-
plex.

By allowing space-forms to inter-
penetrate, it is possible to de-
velope the same combination of
forms in different ways. This
may at first appear unnecessarily
complicated, but good reasons
exist for being able to achieve
the same result through differ-
ent means. The designer may be-
gin, as shown in illustration”|7
with a total volume of a room.

He may then add within this first
space-form: representing walls,
floor, and ceiling. As the illus-
tration shows, this combination
of forms is made up of three
walls, a floor, and a ceiling,
but there is also the remainder
of the original space-form. 1In
other words there are six space-
forms making up this "room."

The designer could have arrived
at the same solution by simply
connecting the three wall forms
to the floor form and ceiling
form. 1In this case he has es-
sentially the same "room," but
it is made up of only five forms.

11
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In a third case, the designer
may wish to penetrate a large
space-form with one just smoll-
er until the leftover space s
enough to represent the wallg,
floor and ceiling. The "room"
has been made with only two
forms, yet is not quite the same
since there are now no joints
between walls, roof, arnd floor.

In an attempt to make the illus-
tration more clear, the first
and third situation were drawn
incorrectly. Actually one would
- not be able to see into these
"rooms" as shown until space~
form five in illustration and
space-form two in illustration

were assigned as "air." This
assignment could be easily and
quickly made by the designer as
outlined above.

It is felt that the designer
should have the choice of work-
ing in each of these ways to
produce similar results. In
organizing and planning a de-
sign solution, it would be use-
ful to be able to represent
rooms or spaces by proportion-
ally sized space-forms without
concerning oneself with such
things as walls, floors, and
ceilings, and to place these

at a later time as in the first
example. In another instance

a designer may wish to begin
by immediately dealing with the
walls which surround a given
space--perhaps when the scope
of the design is smaller and
the enclosed space is not so
strictly specified. The case
for the third manner of dealing
with space-~forms has been es-
tablished in the example of
Placing a window in a wall.
Probably many details of con-
struction will be most conve-
niently designed in the latter
manner. .

12

AN

%

SR ind <1




3.1

3.11

SPACE~-FORM MANIPULATIONS

Shaping without Curves

The shaping routines which are
described in this section con-
sist of stylu: maneuvers which
vary with attachment points and
the direction in which the sty-
lus is moved. Curved surfaces
can and do result in some cases,
but are still closely related
to the geometry of the basic
space-form. Further develop-
ment of curved surfaces will be
discussed in the next section.

Expand-Contract

The method of expanding or con-
tracting any of the basic space-
forms is quite straightforward.
In the case of the cube, it in-
volves attaching to one of the
edges defining a side, top, or
bottom of the form and moving
in or out normal to the surface
to be moved. An entire surface
will move with the stylus as
shown in the illustrations, and
it will be constrained to re-
main parallel to its original
position. This can be done to
any surface of the cube, and
allows the designer to develop
an infinite number of rectili-
near shapes. The cylinder and
rod shapes can be expanded or
contracted in much the sane
manner as the cube. By attacl-
irn: the stylus to a top or bot-
tom edge and moving in either
direction paraliel to the longi-
tudinal axis, the shape can be
made taller or shorter. When
the stvlus is attached to the
apparent edge defiring the onuter
surface in or out at an angle
roughly normal to the longitu-
dinal axis or one of the faces,
the shape can be made thinner .
or fatter.
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3,12

The sphere is shaped by attach-
ing the stylus to an aprarent
edge and moving eitheyx in »r out.
A faint line at the equator and
a north-south axis would help
the designer orient himself so
that he could move the stylus
roughly normal to the axis or
parallel to the axis. A move
normal to the axis would expand
or contract the basic sphere. A
move parallel to the axis would
expand or contract one-half of
the sphere elliptically. The
ellipse would be tangent and

" "faired" to the other half of

the sphere. When both halves
are shaped, a basically ellip-
tical form results where both
the major or minor axis of each
end, but not both axis, may vary
if the resulting shape is not
symmetrical.

Movement from a Corner along

an Edge

Further shaping cs1 be done to
some of the forms by moving from
a corner along an edge. 1In the
case of the cube, the designer
can pull a side with him as il-
lustrated. This results in a
warved surface where three cor-
ners remain fixed and the fourth
moves. By moving from opposite
corners in the same direction,
one can develop the fairly com-
plex form of the hyperbolic para-
boloid. And by moving in the
same direction from two adjacent
corners on a single face, one
caa produce a basic cube shape
with a sloping side or face.

Shaping the rod forms in the
same manner is possible. By
attaching the stylus to a cor-
ner of a hexagonal rod form and
moving along an edge, a warped
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3.14

surface results, and moving along
two edges as illustrated allows
even more freedom in developing
additional shapes.

Movement away from a Corner

A pyramidal or partial pyramidal
form can be made of a cube by
attaching the stylus to 2 corner
and then moving toward the cen-.
ter of a surface of the cube. '
All sides would move +nwaxd the
center as shown in the illustra-

‘tion. The designer could stop

anywhere short of a perfect py-
ramid, creating a basically :ra-
pezoidal form. The center of
each surface of the cube would

be indicated by a bricht dot
allowing the designer a reference
point to work to. If the stylus
centinues past the center, a py-
ramid then a sloped axis results.

The rod forms similarly can be
shaped to hexagonal pyramids or
triangular pyramids. Again, the
designer can stop anywhere short
of the center which would be in-
dicated by a bright dot. With
all pyramidal forms, once they
have been brought to the center,
they can be drawn off axis in
any direction and tc any degree
desired.

Movement away from an Edge

By attaching the stylus to a top
or bottom edge of a cylinder and
moving toward the center of the
surface (indicating a bright dot)
a partial or complete cone can

be developed. This cone can also
be drawn off center if the de-
signer wishes.

A chart of all the shaping ma-
neuvers discussed in this sec-
tion follows.
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3.2 Sheping with Curves

There is a need for the designer
to be able to deal with more com-
plex curvilinear surfaces than is
possible within the limits of the
basic shaping routines described
in the previous section. Some
furniture design, for example,
must presently be carried out
through the use of full-scale
mock-ups because drafting methods
are inadequate in indicating just
what is happening in the design.
In addition to problems of furni-

" ture design, and design of other
complex curvilinear objects; the
architectural designer is fre-
quently faced with the problems
of understanding and representing
topographical information. This
information can be graphically
represented as a complex curved
surface.

3.21 Boﬁndary Curves

The designer should approach the
curve problem three-dimensionally,
i.e., in terms of surfaces. These
surfaces are to be developed upon
one of the primitive space-forms
previously described. It is not
possible, in this system, to cre-
ate a surface which does not be-
gin from a space-form. This will
help define for the machine where
the surface is located in three-
space. '

The designer may begin to develop
a desired surface by drawing with
the stylus a profile of the sur-
face he wants. If this is drawn
on the principal face (defined as
that face wbich is most in view)
of the space-form, the machine can
locate the curve in three-space.
It is necessary for the machine

to "recognize" the curve or series
of curves, and "fit" segments of
curves from its library which most

closely approximate that which has

.
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been drawn. The designer must now ﬁ\
rotate the space-form until another (r
face becomes the principal face.
This rotational capability is essen-
tial and will be discussed in Sectioq
3.31. He may now draw the profile
of the second boundary curve of the S ez

. surface. 1In like manner each of - ]
-the four boundary curves would be
specified. Upon having completely
specified the fourth boundary curve, |

the machine can generate the surface.
The surface formed is defined by the o

féur boundary curves and may be $28

thought of as the surface of least

energy--a perfectly elastic surface

--bounded by the four curves. These /,> ‘\\

surfaces are similar to those dis-
cussed by Steven A. Coons in his
paper "Surfaces for Computer-Aided
Design of Space-Forms."#*

If the designer does not wish to
draw the curves, but rather has

in mind specific mathematically
defined curves, he*may specify

these curves through the typewriter ))
keyboard. Stylus commands are still \\¥

essential to indicate beginning

and end points and/or points through #29

which curves pass such as in a
circular curve which requires two
points and a radius or three points.
In order to use mathematical curvecs,
the designer must know the control
factors of the curve.

.3.22 Cutting with Curved Lines . (i ‘

After having specified only one
boundary curve, the designer may
give an "execute" command and the .
desired curve can be made to slice
. through the space-form, in a di-
rection normal to the principal
face, in the manner shown. In

this case it may be helpful to

. think of the curve as a thin \\; : ,}
blade which is moved through the
space~form. $30

*Steven A. Coons, Surfaces for Com uter-Aided Design
of Space Forms, (Cambridge, Massachusetts Institute of Technology,
1967), )
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. Since it is difficult to visualize
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This is a special case of the above
shaping routine. In both the ge-
neral case and the special case,
two surfaces are created--one the
negative of the other. The design-
er may use both if he wishes or he
may "erase" one by indicating with
his stylus the one to be erased
and giving the appropriate command.
Prior to erasing he may also store

either one he wishes for later use.

Surface Net

the complexity of an extended sur- (/f
face, it is suggested that it be
ruled into a grid of connected
patches. The designer can select
the scale of this surface net so
that the rulings could be much
closer together for a rapidly chang-
ing surface than for a slowly
changing surface.

The designer can control the net
through a sequence of commands.

The initial command requires the
designer to indicate with the sty- #31

lus the point where the net is to ("
begin, then he must type “net" :
and the spacing between nodes on

the net (such 5'-0", 10'-0", etc.);
he must then indicate with the
stylus the points where the net is
to terminate. This step cumpletes
the command, and the machine will
generate the net uniformly as spe-
cified. If the net is to completely
cover a given surface, the designer

need only indicate the beginning \\;
and end, for the net will generate
in the other two directions until $32

a sharp (not curved) change in
surface is sensed.

The spacing bstween rulings on the
grid can be specified. to any degree
of sophistication desired. Fcr
example, the designer may wish the
rulings to increase or decrease
logarithmically, or by some other
factor. The rulings can even be
varied in two directions.

.
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3.24 Shaping the Surface within the
Boundary Curves

It is possible that the surface
formed by a perfectly elastic
membrane stretched between the
boundary curves will not be the
surface nceded. Therefore, the
designer may further shape the
surface, after the general case
has been generated by attaching
the stylus to any one of the
nodes created by the rulings and
moving it up or down. 1In this
manner, the entire surface can
be further shaped.

On a given surface it must be de-
fined to what extent a single ma-
nipulation will affect the entire
surface. Unless otherwise speci-
fied, it is suggested that the
effect be limited to one node,
and that the nature of the curved
"patch" being changed be rounded
on its crest and bz "faired" into
the overall surface. If the de-
signer wishes, however, to change
the boundary curve; he should be
capable of doing so at any given
time by redrawing it. This may,
of course, affect the entire sur-
face which would be automatically
regenerated. When several space-
forms, each with a shaped surface,
are brought together to form a
much larger surface, the designer
should be able to adjust these

to one another to create an over-
all "faired" form. This adjust-
ment could be made automatically
at the designer's command. A
typical development of a design
might require the designer to be-
gin shaping in a very general way,
the object he is designing. Once
having arrived at a general shape
he believes appropriate, he can
go on refining his design by ex-
anining it in its most minute
details:
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Thus, in the example shown, the
designer begins by shaping the
general form of a chair seat by
drawing the boundary curves.
After this is accomplished, he
may further shape the surface
within the boundary curves. Now
he may wish to give attention to
the edges, which may require him
to enlarge the scale and possibly
examine at various sections.
These edges can be defined in the
same' manner as the first example
given in this section. 1If the
designer wishes now to re-define
the overall shape, he may do so
by re-drawing boundary curves,

-and all surfaces would adjust to

this change. This entire process
would be much like carwving the
object out of a homogenious ma-
terial with tools over which the
designer can exercise complete
control. Each time a decision is
made and a surface is generated,
the designer is not faced with

an irrevocable situation, for he
can freely return to any previous
state. 1In this case the informa-
tion which defines the chair seat
could be fed through punched-tape
to a numerically-controlled mill-
ing machine which would produce
the seat from a specified material.

Topography

An example of where the designer
may need to develop a very large
curvilinear surface would be in
dealing with terrain or topogra-
phy. The larger landscape--per-
haps regional--may be composed of
many separately developed surfaces
as discussed previously. The
smaller segment could be dealt
with in the following manner. It
would first be necessary for the '
designer to shape a basic space-

‘form to a point where its depth

is at least equal to the difference
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between the highest and lowest
points in the piece of topography
to be examined. He may then call
for a network surface to be placed
upon this space-form. The scale

of this net would be indicative

of the amount of information known
about the land. Thus, if actual
surveyor's readings had only been
taken every five feet, the grid

or ruling would also be five feet
between nodes. At this point the
actual site readings should be pos-
sible for the designer to give the
proper command and have the surface
generated by the machine. Any
changes which are to be made in the
existing site would be made by
working with individual nodes, as
with any cther surface shaping.

The designer should be able to go
back to the original (real) sur-
face at will.

In dealing with the surfaces dis-
cussed, it may be necessary to
make sharp vertical offsets. An
example of this is a road which
is lower than the surrounding
terrain. The problem is one of
specifying the area of land or
surface which is to be lower and
lowering it the desired amount.
The designer can in this instance
use the line drawn with the stylus
as a cutting plane--as in Section
3.22, After having drawn the
limits of the road on both sides,
he may lcwer the entire surface
as he wishes.

Space~-Forms of Revolution

Any basic or transformed space-
form can be revolved about an
axis. The axis, which would ap-
pear in the key as a line would

be placed by the designer rela-
tive to the space-form to be re-
volved. When the command is given
the space-form would revolve about
the axis leaving behind it the
three-dimensional space-form of

22
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revolution traced by the original
form. Many forms which would be
difficult or impossible to get
otherwise can be created in this
manner. '

The designer may also wish to make
mirror images about a plane or a
line. This he can do by placing
the line or plane in the proper
relationship with the element to

be- copied and typing "mirror image."

23




3.3 Viewing Routines

Since design generally involves
the creation of real objects in a
real world, every attempt should
be made to re-create for the de-
signer real world conditions at
the CRT display. Central to this
idea is the capability of viewing
in three dimensions the object or
building being designed. But a
single view is not sufficient for
complete understanding, and the
designer will be able to rotate
about three axes to any other de-
sired view, and move (zoom) toward
or away from the object or build-
ing being designed. Rotation,
zooming, scanning, and panning will
be discussed at length as viewing
routines in this section of the
pPaper. But it is important to note
at this point that as these view-
ing routines are affected, the
designer is faced with rapidly
changing perspective views of his
design. These views will change
smoothly and closely simulate

the experience of moving toward,
around, and through the scheme.

A more complete analysis of the
mechanics of the "Perspective Con-
cept" appears in the Addenda to
this report.

The following discussion will cen-

ter on some of the viewing routines

which will be available in this
design system. A 40° cone of vi-
sion has been set as the desirable
viewing angle.

3.31 Rotation

'~ The designer will want to view
whatever he is designing from
many different positions. He must
be able to examine it in every de-
tail. This means that he should
have the ability to turn and move
a smaller object, and to give the
impression of moving about a larger

24
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object. At the present time, the
designer, in the process of design-
ing, is required to draw additional
views or, perhaps, to build a mock-
up or model of his design in order
to "see" what it looks like.

The nature of the design which the
designer will develop on the CRT
display will be that of a three-
dimensional model. Since it is ob-
viously impossible to move about
this "model," the designer must

be able to move the object being
displayed. As the designer rotates
the object or buildinrg on the dis-
play, the view changes. This can
be represented in Plan view as
shown in Illustration #38. A more
accurate representation would show
the object rotating with the view-
ing position fixed, but the illus-
tration indicates what is perhaps
closer to what the viewer will feel.’
In other words, as he rotates the
object, he will experience a sense
of motion--as if he were walking
around the object. The viewing
points shown are not two isolated
views, but are two stopping points
in the walk around the object or
building. Wwhen one considers a
completed picture of a building
with its entourage of plantings and
associated site developments giving
it a foreground angd background, it
is easy to imagine how the act of
rotating this entire package would
give one a convincing simulation

of movement. The sense of movement
one can feel while viewing a film
is suggested as evidence of this.

To provide maximum flexibility, the
designer will be able to rotate his
design in any direction. The rota-
tion will be made smoothly to simu-
late movement as closely as possible.
The rotational device selected should
allow for exact positioning--"fine
tuning."”
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To rotate one or more parts of the
design scheme relative to the rest,
the designer may touch the part or
parts to be rotated with his stylus
and then mcve the rotation device.
Only the part or parts touched will
rotate. Once the rotation is con-
cluded, the machine returns to the
general rotation mode, and any sub-
sequent rotation, without touching
a part with the stylus, will cause
the entire design to rotate. When
a face in the design comes into
near elevation perspective, i.e.,
o6ne point perspective; the face
snaps into elevation and can be
studied as a true elevation. (See
Addenda)

The three-axis track-ball, and the
joystick are presently being tested
and evaluated as rotational devices.

Zoomin .
The designer may wish to examine
his design more closely. He may

2lso wish to move away to include
more of the design and its sur-
roundings on the display. This

"zooming" in and out will simulate ,
the man actually moving toward or

away from the object being designed.
Together with rotational capabili-

ties, zooming will allow the de-
signer to thoroughly examine his
design. It will, however, be ne-
cessary for the designer to select
the area or part which he wishes 43

to zoom in on. This may be accom- :
plished by pointing with the stylus VP2
to the area which is to be the new

center on the display, typing

"CENTER," and then activating the -

zoom device. In this manner he

will be able to select specific

details or parts and enlarge them

until ‘they alone occupy the display vrl
surface.

It is clear that as the designer
zooms away, he is less capable of

seeing the smaller details or parts .




of his design. 1In fact, many of
these details become unintelligible

at certain distances. It jis suggest-

ed that at the point where visual
clarity of any part is lost, that
the part be automatically removed
from the display. While zouming
Away, portions of the design that
were not seen in the close~up view
because of the 40° cone of vision
come on the display. In the most
natural simulation of moving away,
the machine would be constantly
up-dating the picture, and includ-
ing parts previously out of the
field of vision--in a sense those
parts that are behind the Observer.
The same holds true for zooming
toward the object when those parts
Previously deleted for sake of
clarity are included again.

The designer may wish to move
through an object or building.
This should be accomplished by
zooming in on a natural opening,
and through it. Then, by the si-
multaneous use of the stylus,
zooming device and rotational de-
vice, the designer could move
through the object or building,
examining whatever he wished. This
simulated "trip" would be as real
a trip through the building or ob-
Ject as possible. The stylus in
this instance would be used as a
pointer to select the new center
of the display after the use of
the zooming device. The act of
moving through a building would
probably be limited to evaluating
the results of the design rather
than the actual designing of the
Spaces. Actual design would be
more conveniently done by cutting
Sections since this allows the
designer the opportunity to view
the area being designed without
restraints imposed by the geometry
of the space itself. It is felt
‘that to make the system react as
naturally as possible, one should
not be allowed to do unnatural -
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things--such as moving indiscrimi-
nately through walls, windows, etc.
In every way possible, the display
world will be made to reflect the
real world.

By pointing to a given part with
the stylus and then zooming in or
out, the part can be moved in or
out relative to the larger design.
This can be very useful in placing
parts within a three-dimensional
frame of reference. Any number of
parts can be grouped in this manncr
and zoomed in or out relative to
the other parts. Of the devices
being considered to activate and
control the zooming operation, the
footpedal seems most promising, al-
though it may be desirable to com-
bine zooming, and Enlarging-Reducing
in one instrument under different
mode buttons. :

Scannin )
When viewing an object or building
at an enlarged scale, it may not

be possible to get the entire pic-
ture on the display. The designer
in this case may wish to scan the
surface to see another area of in-
terest. He should be able to do
this without changing the scale at
which he is viewing. The process

of scanaing could be compared to

28
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moving the viewing point in a straight #40

line witnout changing the viewing
distance--as shown in Illustrations
#40,#41. Each view would be shown
in perspective, and would Closely
simulate one's walking or driving
by the object or building.

The scanning operation could best

be controlled through the track-
ball; but since this device is also
used for rotation it would Le ne-
cessary to have a mode switch which
was easily accessible. Panning,
which will be discussed next, could
also be controlled through the track-

ball. The three mode switches could

T
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be placed directly in front of the
track-ball allowing the designer
to quickly and easily rotate, scan,
or pan.

Pannin
The designer will often want to

view the object or building he is
designing from a single vantage
point.: If the object or building
is large, he may direct his atten-
tion to various parts without ac-
tually changing his position rela-
tive to it--much as one looks at

‘a very tall building. This is de-

fined as panning. The viewing
distance changes, but the only
movement simulated is that of the
head of the viewer. This will be
an invaluable tool to the designer--
especially in viewing interiors of
designs --such as rooms, courtyards,
etc. The means of controlling

the panning operation could be the
track-ball in the panning mode as
explained in section 3.33.

Enlarging-Reducing

Often the designer may simply want
to enlarge or reduce a given view
of the design scheme. The enlarge-
ment may be for purposes of giving
an undistorted view of the design
scheme to someone who is standing
further than the prescribed dis-
tance from the display. Also for
purposes of plotting-out given
perspective views, the designer
may wish to enlarge in order to
experience this view before plot-
ting. 1In object design the de-
signer may be dealing with some
minute eiement such as a circuit
chip which he would like to enlarge
more than full scale. Zooming is
limited to showing things only up
to full scale. Enlargement gives
the designer the ability to go be-

‘'yond this.
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Enlargement and reduction should
be accomplished through the same
device as the zooming operation.
A mode switch would be necessary
and should be located on the de-
vice.

3.36 Orientin
Even w1tg the capability of Rota-

ting, Zooming, Scanning, Panning,
and Enlarging-Reducing, the designer
may have difficulty in orienting
himself to what he is seeing on the
display. A few tnols designed to
assis’ him in this area will be dis-
cussed next. They are: position-
ing stops, coordinate systems, and
edge extensions.

The designer may wish to have views
which closely approximate orthago-
nal views of the object or building -
he is designing. These would not

be true orthagonal views since
everything displayed is shown in
perspective, butwould be that view
displayed when a given plane wf the
object or building is parallel to
the display screen. To assist the
designer in stopring his rotation

on that view, the machine would be
procrammed to "adjust" to that exact
view. 'In order for the machine to
take over and make this adjustment,
the designer must come close to
stopping on the desired view.

These stops can be easily programmed 42

for each elevation and plan view of \
a basically rectilinear design. For
non-cubic schemes the task of recog-:
nizing what the designer may wish
to regard as elevations would be
difficult for the machine, and it
may be necessary for the designer
to set these stops himself. This
could be accomplished by rotating
the object or building to the de-
sired views and pushing an eleva-
tion button--much like a typist would &
set tabs on a typewriter. For the 143

duration of the design, the elevation
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stops would continue to work until
released by a "release elevation"
command.

In all cases where the designer is
moving elements about and placing
them with respect to other elements,
he must communicate somehow what he
is doing or wishes to do. Much of
this communication can be made
through simply moving elements with
the stylus and actually placing o
them where and how they are to be. :

The designer is assisted in this : :
by being able to rotate and view | 8
from any vantage point. Some sit- I
vations, however, may be more
difficult to control; and the de-
signer will need to communicate

more verbally what he wishes to do.
Thus, if one element or space-form

is to have one surface exactly co-
planar with another, the designer

may indicate this by pointing with

the stylus to one surface type "co-
planar" and touch the other surface.
The first element touched would

move and become coplanar with the
others. He may further wish one

edge to be colinear with another.

This would be executed in a similar
manner as above. In this manner
elements can be made cxactly per-
pendicular, parallel, colinear, co-
planar, etc., with any other element.
Specific angles between elements

can also be indicated by touching

one element first, typing the angle
and touching the other element.
Space-forms with the same dimensions
could be close-packed in a similar
manner. In each case the designer

is orienting one thing with something
else in some specific way. By having
this wide range of communication, '
both visual and verbal, with the ma-
chine; it is felt that the designer .
can effectively and easily develop

his designs.

As a further assistance to the de-
signer, coordinate systems of various
types would be available. A simple




set of coordinate axes for which
the designer types in the labels
of the separate axes would provide
sufficient orientation to the de-
signer for many situations. 1In
the case of object design these
axes could be labeled top, bottom,
front, side, back, as the designer
wished; or for the architect,
North, South, East, West. The
coordinate system, fully labeled,
would then move with the object
or building throuch all rotations
and other maneuvrrs. Directional
indicators for such specialized

- purposes as indicating prevailing
wind direction or sun direction
can be displayed. Since these
parameters change with time, the
designer could query the machine
to give these directions and velo-
cities or intensities for a spe-
cific time. Dynamic simulation
of these and cther patterns af-
fecting the design could be dis-
played as a function'of time. -
Thus, the designer could watch
changing sun patterns on his
building for a twenty-four hour
period while at the console for
ten minutes.

A very specialized grid system
can be developed by the designer
as a further means of orienting
himself. The grid results from

the extension of the edges of space-

forms or elements of the design at

the point where they join the ground

plane. This would assist the ar-
chitectural designer as a planning
grid, and would help any user to
organize parts or elements relative
to one another. A basic command

to "extend edges" would result in
the extension of all edges touching
the ground plane, or the designer
could selectively extend a single
edge by touching it with the stylus
and typing "extend edge." 1In this
manner any edge of any space-form
can be extended.

32
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Grouping

At some point in the process of
designing, the designer will need
to deal with the ubject or building
being designed in the context of
its most minute parts. Thus, the
architectural designer developing

a window would be involved with

the generation from bacic space-
forms of each part which composes
the jamb, sill, and head, and their
consequent placement in relation

to one another.* The window thus

-'designed is now placed in the next

larger context which might, .n this
case, be the wall. At this point
the designer probably would no
longer want to deal with the smallest
parts, but may wish to deal with
each jamb and the head and the sill
as single items. He could then
"adjust" the window to a desire?
size without affecting the already
designed details. He may then wish
to deal with the window as a single
item, and y_sition it in the wall.
Implicit in all of the above manue--
vers is a wvapid means of grouping
parts so tnhat they may act as sets.

Natural Groups

The displayed size of the element
or part being designed can help
determine whether or not the de-
signer cai. effectively work on it.
For example, if the designer is
trying to increase the length of .
a window by moving the sill down;
but is viewing the building in its
city context, it would be difficult
or impossible for him to attach the
stylus to the sill and move it the
desired distance. His natural re-
action would be to zoom in closer
until he could see what he was
doing. In this sense the designer

* He would also have the option of
using stock manufactured window

sections which would be stored for
his use. ;
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can really only work upon what he
can see clearly. The displayed size
of a given group of parts will help
us determine what parts will "hang
together" and act as a group or set
at a given point. The groups re-
ferred to here consist of a number
of parts which act together to per-
form a specific function. These

are called natural groups. Thus,
all of the parts of a window logi-
cally group together to form a win-
dow. And the window together with
other windows, doors, and other parts
logically group to make up a wall.

" An example of an unnatural group is
two windows. The manner of creating
unnatural groups will be discussed
in the next section.

The rule for making or breaking na-
tural groups can be stated thus:

The major whole element on the dis-
play 1s the only element that can

be manipulated by parts. By tracing
back through the window design, the
application of this rule can be seen.

At the level where the designer is
concerned with the positioning of
the window in the wall he obviously
wishes the entire window and all

of its parts to act as a whole.
Since he is interested in the win-
dow's position in the wall, he would
be looking at the entire wall or a
major portion of it in order to be
able to position the window rela-
tive to the other parts of the wall.
By the before stated rule, the win-
dow is a subgroup within the wall
and can be moved as a set. In other
words, the wall is the major whole
element shown on the display, and
the window is a part. If the de-
signer now wished to focus his at-
tention on the window, he would
enlarge the image on the screen
until it is the major whole ele-
ment on the screen. He could now
move any of these major comporents
of the window. Finally, he may
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wish to redesign the sill. For
this purpose, he must both enlarge
the picture to show the sill as
the major wholz element on the

display and cut a section (Sec-
tioning will be discussed in Sec-
tion 3.54.) in order to see all
of its parts.

It is obvious that, as the designer
includes more and more of the cle-
ment being designed.on the scr¢ :n;

he becomes more concerned with the
larger scale problem and its rela-
tionships than with small details.
Thus, the designer may move from
the design of the parts which make
up the window sill to the eventual
placement of the building within
its larger context in which the
building is a sub-group of a plaza
development, or perhaps the com-
munity as a whole. Natural groups
are, then, made and broken by the
application of the rule stated
above as imposed by the designer

.- as he selects parts and enlarges

and shrinks them on the display--
thus changing their context.

Unnatural Groups

Many elements in a design do not
logically fall into the same group
as do the elements which make up a
given window or door assembly.
Still, the designer may wish to
deal with combinations of these
elements as sets or groups.

The manner of grouping these ele-
ments is quite straightforward and
consists of poirting with the stylus
to those elements to be included

and then performing whatever opera-
tion one wishes to upon the group.
This newly formed group exists for
the duration of the single operation
only, unless the designer types "group"
after having pointed to each part.
He may further label ‘the group thus
formed. For example, a series of
living units may be pointed to and
ther formed into a group by typing
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"group, neighborhood cluster. "

This labeling can be useful when //' ' Aij\
storing sets or groups for future

use where retrieval is important.
In order for storage to be effected,
the designer must type the command
"store." He also has the option to
designate where a given group or

part is to be stored. This will be
discussed further in section 4.

All groups other than those mentioned
above will, however, only exist for
the .one maneuver, after which they
are freed. To further assist the
designer in designating a group a
given space-form or part pointed

out with the stylus would be de-
signated by a bright dot at the point
of stylus connection. These dots
would remain on each element until
the eclements are freed from the group.

After a group is designated, the
designer may carry out any operation
he wishes on the group. Thus, he
may, as in Illustration #48 move

the newly formed group independently -
of the main group, and place them
where he wishes. The architectural ° ™~
designer may wish to group two win- (/7

dows and move them as a set. After -

pointing to each window with the TR m i 7"1[-
stylus, he may attach the stylus F@ " _h

to any part of either window and ;

move the set, and no matter how or {
where they are moved; they will re- hiyi
tain the same relationship with one J
another. Other operations cai be Il
performed such as selecting virious
space-forms to be removed from “he - v ‘//
display and erasing them as a group.

Erasing, storing, and other manipu-  #49

lations will be further discussed

in section 4.1. Local rotation of

a group or set can also be effected.

In short, nearly every operation

which can be performed upon a single

space-form can be performed upon

groups of space-forms.

=
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Additional Manipulations

To further assist the designer in
his work at the console the follow-
ing routines have been developed.
They include deleting, copying,
storing, sectioning and sizing.

Deletia

Any given space-form can be de-
leted from the display whenever
the designer wishes by pointing
to the form with the stylus and

" either typing "delete" or making

a scrubbing motion on the space-
form with the stylus. Words in
strings of text can also be de-
leted in the same manner, and
entire lines can be deleted by
typing "delete line."

The designer can selectively de-
lete many forms from the display
by pointing with the stylus to
each one. After a form has been
pointed to, the form will be de-
signated by a bright dot. 1In
this manner, several forms can be
pointed out, and all erased at
the same moment.

Copying

Any transformed space-form or
group of space-forms can be co-
pied and used elsewhere by the
designer. There is no limit to
the number of copies that can be
taken from a given' space-form.
This is accomplished by pointing
to the element to be copied and
typing "copy." If the element

to be copied is composed of many
transformed space-forms that form
a natural group then the designer
would only have to point once if
the element was seen in the proper
frame of reference as defined in
Section 3.41. If, however, the
designer wished to copy an element

ERER R NP S
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whose space-forms did not form a
natural group then he would have
to point to each part before typing

" copy P "

Once the designer has indicated
that a given element is to be co-
pied, he may attach the stylus to
the object image of the element
and move it to the area where he
wishes to use it. The original
will remain in place and the copy
will follow the stylus. If the
designer wishes to store a copy
of the element for future use he
may indicate the element with the
stylus and type "copy-store."

Storing

A very important aspect of the ADS
will be the designer's capability
of storing important graphic in-
formation as well as textual in-
formation. For example, the de-
signer in the future will have the
graphical representations of many
manufactured items. These products
would be represented three-dimension-
ally just as elements which have
been built-up by the designer him-
self out of space-~forms. They will
be object images as described in
Section 1.5, and as such would ex-
hibit all of the material attri-
butes of the actual item. 1In a ty-
pical architectural application,
the designer would simply reach out
the product he wished to use from

a vast catalogue in the computer
memory, copy it (as specified in
the preceding section), and.place
it in his design scheme. Along
with the graphical representation
(object image) of the item would be
stored textual information including
availability, price, and other per-
tinent data which the manufacturer
wished to include. It is quite

possible that the manufacturers will

be responsible for building~up and
maintaining this catalogue.

38
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Just as the manufacturer can store

his product for instant use by the

designer at the console, so can the

designer store any of his own de-

signs which he may wish to use again.

An architectural designer may store

"patches" of typical wall, floor,

and roof constructions which he has

devised, for example. These may .

then be used in designing new build- - )

ings by simply selecting the given

system from storage and graphically v
indicating where and to what extent :
it is to be used. Changes can be
made upon this copy--altering it to
exactly fit the new design. The de-
signer may also store whatever textual
- specifications he wishes. There are
no limits imposed upon the designer
by the system--he may store as many
different ideas or elements as he
wishes.

B SO

As alluded to in the previous sec-

tion, the act of storing some ele-

ment which is presently displayed . .
involves copying the element and : y
then giving the command to store.

This command could be given via a

button on the console or by typing. - .

The designer may specify where he .

wishes the element to be stored,

and at the same time may name the

element to assist in its retrieval

at some future date.

3.54 Sectioning

: In order for the designer to have
greater flexibility in designing,
it will be important for him to-
be able to quickly and easily cut
sections. This will allow him to
view portions of the design scheme
which are otherwise hidden to him.
Sectioning can be thought of as
passing a cutting plane completely
through an object or building.
This cutting plane can also be used i
as a device with which to shape - '
_space-forms. A sectional zoom al-
lows the designer even greater flex-
ibility. A discussion of how sec-
tioning routines function follows.

v B— . g
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3.541 The Section Line and Cut

3.542

3.543

The section line is drawn by the
designer with the stylus on the
face of the display. This line
positions the cutting plane at any
angle drawn in the x-y plane of
the display. The cutting plane
is always positioned normal to the

40

dimension. Once the object to be

surface of the display in the other (/f
sectioned has been positioned, the
[

designer must type "SEC" (to dis-

tion line to be drawn from lines
drawn in other commands, such as

in translation) then draw the sec-

tion line. He may then rotate ,
the object or building 90° right

tinguish for the machine the sec- [D
/;

or left. If he rotates right he “'EJj/.
will view the portion to the right \\»
of the plane in section and vice

versa. 50

To restore the two parts cut by

the section plane to their origi-
nal state, the designer must rotate
back the 90°, or he may simply type
a predetermined command to restore
sections.-

Shaping with the Sectional Cutting
Plane

The cutting plane can be used as

a device with which to shape space-
forms. By following the same pro-
cedure as used in cutting a regular
section, but making a scrubbing mo-
tion over the portion he wishes to
delete, the designer can effectively
"lose" that part and remove it from
the display. In this manner, the
designer can use the cutting-erasing
maneuver in "carving” out a new
form.

Sectional Zoom
As discussed in Section 3.32, the
designer can zoom in on a building

_or object until it is so close that

he gets a micro view of a portion
of the enclosing surface. But he
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move through the object or building

cannot zoom through the object or /r

building except where natural open-
ings occur. The sectional zoom
will not allow the designer to zoom
through the object or building
either, but will allow him to zoom
a sectional plane through. This
plane will always be parallel to
the surface of the display and will

at the speed dictated by the de-

signer through the zoom device. \\»

By use of capability, the designer
will be able to dynamically view
the relationships between parts
which make up the object or build-
ing. For example, a very slow
sectional zoom through a complex
building or series of buildings
would allow one an excellent op-
portunity to evaluate and correct
conflicts between various systems
that compose the building. The
designer may stop at any given
view and enlarge it to fill the
display, or he may relocate the
center of interest on the display
as discussed in Section 3.32 and
enlarge a given detail to fill the
screen.

The sectional zoom would be con-
trolled through the zoom device.
A mode switch would be necessary
to distinguish from the regular
zoom, -

Sizing :

At some point in the design process,
the designer will want to give exact
size to the design solution. He
can, if he wishes, deal only with
relative proportions for some time;
and in the case of large scale pro-
Jects in regional planning, etc.,
this may be the best way to solve
many problems. Still, at.some point
size will have to be imposed upon
the design scheme. How to accom-
plish this is one of the problems

to be discussed next. Once size

has been brought in, the designer
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will often want to know the spe-
cific sizes of various elements
within the design scheme. What
the designer must do to get this
information will also be discussed.

The designer begins a sizing rou-
tine by first typing the command
size (or pushing a SIZE button).
He then attaches the stylus to
some point on the element he
wishes to size, and draws the sty-
lus toward another point. As he
moves the stylus, he draws with
him a line which remains firmly
attached to the initial poirt.
This line acts much like a rubber
band under tension--one end fixed
at the attachment point and the
other fixed at the stylus. Thus,
the line remaing straight and moves
with the stylus until the stylus
attaches it to the point to be
dimensioned to. If size has not
already been imposed upon the de-
sign scheme, no numbers appear.

. At this point the designer types
in the dimension and its units.
By doing this, the designer auto- (/> \
matically sizes every other part
of the scheme. For, the sizes
of all other elements will be di-
rectly related to the size of the
initially dimensionedq element--
being in some proportion to this
element. The designer may now
query the machine about any other
element and receive an answer.
The answer would be given in the
same units initially typed.

The procedure for querying the ma-
¢hine regarding dimensions is sj- -
milar to that outlined above. The
designer still gives the command
"size," attaches the stylus, draws
‘the dimension line to whatever
point he wishes, and is then given
a number which is the dimension
asked for, and is displayed along
the dimension line. In this manner,
he can ask for and receive any
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dimension he wishes. If he wishes
to change any dimension, he may
type in the new dimension and the
form will adjust to the new dimen-
sion.

It would be helpful, after initial
sizing, to have the relative dimen-
sioning of all other elements ap-

- pear on the display for approval.
. This would eliminate the need for
initial inquiry about each element.
The dimension would disappear after
the designer either approves it or
changes the form--perhaps by typing
in the correct dimension, and having
the machine adjust the form to com-

ply.

Whenever the designer wishes to
plot-out what is currently dis-
played, he may do so by giving a
"plot-out" command. This com-
mand must also include the scale
at which the plot-out is to be
made.



3.6 Communicating with the Machine

The designer will be constantly
communicating with the machine,
and much of this communication
will be in the form of commands
issued through the stylus in his
hand. Other commands will be
possible through special devices
which allow him to rotate, scan,
pan, and zoom, etc. There are,
however, still other communica-
tions which the designer will
want to make which are very dif-
ficult, if not impossible, by

" these means. 1Ideally, the de-
signer should be capable of speak-
ing and explaining his wishes to
the machine. Since this is not
as yet possible, he must work
through an interpretive device
which most closely approaches
this conversational mode. At
the present time, this is pro-
bably the alpha-numeric key-
board. Through this device, the
designer can type questions and
issue commands. Equally impor-
tant is the fact that he will

be able to outline for the ma-
chine certain tasks which the
machine can do for him. His suc-
cess in communicating a program
to the machine to have it do a
particular task will depend more
on his understanding the task
than on his mastery of program-
ming technique; but, undoubtedly
over a period of time, he will
acquire and develop special pro-
gramming skills.

Since a large portion of the com-
munication between man and machine
will be made through the keyboard,

it is important that it be done

as spontaneously as possible. Thus,
as the designer needs to give a short
command while designing, it seems un-
likely that he will want to put the
stylus down and turn to a keyboard

to type. For this reason it is
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suggested that a five-fingered
chorded keyset such as the one
developed by Douglas Englebart*

at SRI be used. Apparently it
takes little training to become
proficient in its use, and it
does allow the designer to con-
tinue working with the stylus as
he communicates with the machine
through the keyset. 'Any of the
many commands which the designer
can give by other means should
also be possible with the keyset.
For larger blocks of information,
-such as long notes, specifications
and programs, the designer will
undoubtedly prefer a standard key-
board. Both the keyset and the
standard typewriter keyboard
should be available. All com-
munication will be displayed on
the screen as it is typed. The
machine's answer or acknowledg-
ment should also be displayed.
Basic text editing- capabilities
which will allow the designer to
develop specifications should also
be provided.

Summary of Commands

Some communications are possible
with the stylus alone. Thus, we
find the designer can attach the
stylus to a space-form and shape
it in a specific way as discussed
in Section 3. He may point to &
specific space-form or element
and translate it with the stylus.
Group translations can be made
similarly. One or move parts can
be deleted from the d .splay by
simply pointing with {the stylus
and making a scrubbipny motion.

The designer can use special de-
vices to communicate such things
as zooming, panning, scanning,

and rotating. He can also enlarge

45

* D, C. Engelbart, Augmenting Human Intellect: A Conceptual

Framework, ( Menlo Park, Calif., Stanford Research Institute,
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or shrink the displayed picture
in this manner. A single space-
form or element on the display
can be rotated independent of the
‘other elements displayed by point-
ing to it with the stylus and ac-
tivating the rotation device.
Selected ciroups of space-forms
can be rotated by pointing to
each one before rotating. Single
elements or groups can be zoomed
independently by first pointing
to them with the stylus and acti-
vating the zoom device. This re-
. sults in the element or group

moving forward or backward rela-
tive to the rest.

By adding the alpha-numeric key-
board to the stylus and special
devices., the communications team
is complete. The range of mater-
ial which can be communicated
widens considerably at this point.
Many commands will. require the
designer to point with his stylus
first and then type a command.
For example, he can point to a
given element and type "store,"
or "copy," or "delete," etc. He
may point to an element and type
a specific material or attribute,
which will cause the element to
exhibit this property. By point-
ing to a given edge of a space-
form and typing "edge extension"
the edge will extend as a line--
giving the designer a special
grid line to work with. Further
assistance in the way of grids
and nets can be commanded by in-
dicating the point of origin of
-the net and the scale, i.e., ten
feet node to node. '

Some commands require the designer
to use the stylus more than onuce.
This allows him to say that one
element is like another in some
way. For example, he may point

to one space-form and type "size"
and point to another space-form.
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This will cause the first form
to "adjust" to the same size as
the second form. By pointing to
".one surface and typing "coplanar"
and pointing to another surface
the two surfaces will become co-
planar. One form can be made to
close pack with another by a si-

milar command. o

The curve command discussed in
Section 3.21 requires the designer
to type "curve" and then draw the
approximate curve with the stylus.
The section cut requires a simi-
lar command.

Many commands, simple and involved,
can be composed through the use

of the three means of communication--
the stylus, the special devices, and
the alpha-numeric keyboard. The
above list is not intended to be com-
plete, but rather to show the range
of rapid communications which is
available. The designer can add

to these commands as he wishes, for
the number and variety possible is .
not limited. However, he must then
program each added command and be
sure there is no coding conflict
with other commands.

47

"COPLANAR"

"COLINEAR"

"CLOSE PACK"



48

SUMMARY

The Total Design

After the general planning and organizing of the design
solutions, the designer would begin, perhaps, to place
elements within this context. v the case of architect-
ural design he may begin calling-.c basic cube shapes--
manipulating them into walls of vaiious sizes ang placing
them about. Other elements of the design could be added,
deleted, manipulated, and tested at will. Eventually

the design becomes more and more complete as more and more
details are designed. .

Details can be designed by selecting the area of interest

with the stylus, enlarging it to fill the screen, and de-

signing with the basic sapce-forms, or previously designed
elements. If the area of interest cannot be adequately

into view. Once a detail is resolved, its topological
description exists in the computer, and eventually the de-
scription of the entire design solution is there. This

Walls, roof assemblies, floor assemblies, and other use ful
groups of space-forms could be stored in the computer to
be used repeatedly. This would be of great importance to
the designer, so that he would not have to redesign each
element every time he needs it. Ultimately it is expected
that details of all manufactured items will be stored in
the computer for the designer's reference and use.

Vast quantities of data from many other sources could also
be stored and made accessible to the designer. This infor-
mation might come from political ané juridicial bodies in
the form.of building codes and regulations. It might also
come from universities and research centers, or from any
further source having or producing information pertinent

to any of the design or building professions. ) i
In summary,‘gheﬁéntire design approach proposed herein ‘is
generated from the basic space-forms. Thele three-dimen-
sional forms are used by the designer as building blocks

to design at Svery scale--from the most minute details of

a given building to the eventual placement of the building
in the context of its surroundings. ! , :
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THE PERSPECTIVE CONCEPT

Stephen L. Macdonald

In our three-dimensional computer -
graphic design, "scale" of the fr
Cathode Ray Tube (CRT) images is -
irrelevant except as it applies to -

the viewing distance in perspective. fu--HUEEEE_.?.P}FFq__
That is, the viewing distance from
the operator to the CRT should cor-
respond with the station point to
object of the perspective being shown
on the screen. If we assume a dis-
tance of three feet from the viewer
to the CRT, then the perspective in
view there should have a station
point scale (say 1/4" per foot) cor-
responding to the three feet from
viewer to CRT, or in this case 36"

X 4 or 144 feet.

Parallel

Station Point/)

——— e sa——— -

Plan 1/4"=1'-0"

Zooming in or out on the object
does not change the dimensions of
the object, but does change the
physical scale of the object as
viewed on the screen; thus making
it possible to maintain the three
foot relationsip between viewer
and perspective. While zooming,
only the station point and vanish-
ing points remain constant as seen
on the screzn, since by definition
these points form a 90° angle; and,
therefore, there can be no change
in the proportional relationship
between station point and vanish-
ing points.

O e i i m cgiir  . i,
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For example, if we take our former
example where the SP is 144 feet
away from the building and zoom

away to 288 feet; we must now reduce e
the plan scale from 1/4"=1'-0" to

1/8"=1"'-0" in order to maintain the

proper viewing distance of three I
feet from the CRT. This is consis- sp
tent with real life viewing as one ——

moves away from an object.
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Perspective Seen on CRT

after Zooming away. Scale
is now 1/8"=1'-0Q"



Throughout the perspective concept
of zooming, the ‘actual distance be-
tween operator and the CRT remains
constant at three feet while the
apparent change distance from the
object to viewer is accomplished
through scale change. This does

not mean that when the image reaches
full size on the screen that closer
examination cannot continue. The
scale of the image continues to en-
large over full size until one- passes
through the image. For example, when
the image reached a scale ten times

. full size, the situation would be

" equivalent to viewing the full size
object at a distance of 36" - 10 or
3.6" away and filling the screen with
a 40° cone of vision. This process
could continue with slowed control
into microscopic examination.

For enlarging purposes all of the
above assume a viewing distance of
three feet in order to see the image
in true perspective. If one wished
to make a presentation to a group

of people at some distance, it would
be necessary to have an enlarging
technique which would alter the size -
without changing the shape of the
image. By applying a scaler or mul-
tiplication factor to all coordinates,
this effectively enlarges while in-
creasing the appropriate viewing dis-
tance; if one multiplied by two, the
size of the image would be doubled

on the screen and the proper viewing //’____"

distance would be increased from
three feet to six feet. Most peopile

do not understand that considerable ’v
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distortion exists in perspective
viewing if the viewer is not at a
distance corresponding to the actual
station point distance for the scale
involved.

Moving around an object or, in our
case, rotating the object is quite
different. Without zooming, the SP
to object remains constant (c), but
the vanishing point relationships
change. As a rectangular building
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rotates closer to a straight eleva-
tion, the half circle containing
the two vanishing points and SP be-
comes very large. As V) passes be-
hind the building, V, will be, for
all practical purposes, at infinity;
and now we are dealing with a one=-
point perspective. Except for the
assumed limiting cone of vision, a
very long building would still ap-
pear to vanish toward the ends.
However, for purposes of design,
there are many occasions when one
warits to view a building in true
elevation. Therefore, an arbitrary
decision is made to snap the viewed
building into true elevation when-
ever a vanishing point passes be-
hind a building. This means that
all planes parallel to the eleva-
tion plane would also be in true :
elevation while all other planes Vil ¢ —Pp
would vanish to the one point. As V2
one continues to rotate the building
to the left, V) moves to the right
until it emerges from behind the .
building. V, will now have flipped \_ True Elevation Y.
over to the far left (near 00) and

the image now snaps back into true

perspective. Rotation can continue

until a new face comes into eleva-

tion and V, passes behind the build- P e

ing. . éaai?r
So far we have discussed only that qq_'—H""‘=-~h_LEy
aspect of rotation which takes place ¢ Va sp

in a horizontal plane. We must also
consider what takes place in a ver-
tical plane. The vertical vanish-
ing movements will behave exactly

as the horizontal vanishing move-
ments just discussed. When a ver-
tical vanishing point passes behind
an object, the vertical edges of

the form will become parallel as in

true elevation. v
The combination of vanishing points ' c
in both axes can best be understood gp "

by thinking of the events in se-
quence. If the building is first
rotated in plan and the horizontal
vanishing points V; and V, determined
those rotated vertically as seen -
from the side after plan rotation,
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N Picture Plane V,
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A large second vertical rotation
will distort the original hori-
zontal planes because the corners
are moving closer to the picture
plane and therefore must be com-
puted in orthographic projec:ion
before determining the imag2 cor-
"ners in the picture plane.

HORIZONTAL ROTATION

Resulting Image: P
Number of vanishing points are p
related to the number of faces

exposed. ach rectangular plane
requires two vanishing points.
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then the vertical vanishing points
V4 and V4 can be determined. 1In
tge example V1 and V, are combined
with V4 to form two new vanishing
points, V4 and V,4, which are used
in the final image. If the build-
ing had been rotated vertically in
the opposite direction, V; and V
combine with V3 to form the two
new vanishing points.

By a similar process of rotation,
horizontally and vertically, the
vanishing point for any edge or
sets of parallel edges can be de-
termined. 1In some instances where
the number of buildings and forms
becomes complex, it may seem de-
sirable to rotate the object about
the centroid of the viewer. Be-
cause this requires more machine
time, it seems better to leave
this to the discretion of the de-
signer. He could do this by ty-
ping the command “rotate" and se-
lecting with the stylus a specific
corner of one of the space-forms (r
which seems appropriate to him.

Panning introduces another concept 0ld

of perspective in which the pic- _EEEEGEQ“
ture plane and the station point Plane

to object line, SP,0 remain in ]
perpendicular to each other and Panning
both rotate about the station Angle—

point. This means the object
point 0 may not be in ccntact with \_
any part of a building. 1In this
case the vanishing points are con-
stantly changing as in rotation . }
because the buildings are, in fact, New Picture .
rotating in relation to the pic- - Plane ew Pictu
ture plane and about the station Plune

point rather than about the object —>cr.
Constan .li"
E{M_JVErtical Pa

point 0. Vanishing points can be
determined in the usual way at any

degree of pan rotation. Composite Angle
vertical and horizontal pans can
be handled like rotatiocn except
all forms would rotate about the
station point. -
Ground
‘ Lin 014 Picture

Plane




Scanning, or the act of passing

the image across the screen at
right angles to the axis of the
viewer SP,0 is one in which the
picture plane, station point, and
vanishing points remain fixed while
the object moves horizontally or
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vertically across the screen with-
out rotation. The appearance of

- the object in positions 1., 2.,

and 3. will be different because

the relationship between point 0

and- the object is changing. The

image is moving in relation to

the vanishing points and 0.
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