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€DITORIAL

COMPUTER GRAPHICS, A VARIED TOOL:

Many professionals [and would-be computer pro-

fessicnala} sesm to evidence an obvious form of
elitist behavior regarding levels of computer ex-
pertise in graphics (and general computer exper-
tise), The white coat of the doctor and researcher
has been brought inte the computer field, and com-
puter people are in danger of becoming the "high
priests of the machine", rather than thinking of
the computer as a varied tool, to be used for my-
riad purposes. Too many computer people feel that
unless one is using the computer at a very advanced
level, then the problem-solving land resultant ac-
complishments) are low lewel, or "Mickey-Mouse'.
What is important is the thinking and problem-
solving of the originator, not the type of system
used, or the level of system, For one may program
exquisitely, at a very high lewvel, to solve useless
and vary trivial problems!

Here are some notes paraphrased from recent
Writing on computer applications by the author.

BEACKGROUMD

To the uninitiated, using the computer may
mean a "take-over" of the job, where a human being
is replaced. However, in many graphic applications,
the computer is a useful ally and colleague, eli-
minating hours of boring, tediocus, and imprecise
work, Computer graphics in many applications can
afford insights and technigques not cbtainable be-
fore computer use. Medical graphic applications
are one such example. As time makes graphics {and
computer] applications more common, visualization
of problem-solving will be as common as present
processing of data.

Here are a few brief examples of levels af
graphics use, ranging from user-oriented syztems
to complex enginesering software wisualization.

&, USER-ORIENTED GRAPHING SYSTEMS

A banking clerk is introduced to a special
user-oriented graphic syatem in a workshop sche-
duled by the bank during the assistant's regular
working hours. In one week, five such sessions
are held. The clerk sasily learns to execute a
great number of charts and graphs, and to display
the data in several forms, attaining new under-
standing of the problem-solving, The long hours
af manual drawing of charts and graphs are re-
placed by stimulating computer graphing. The
clerk merely uses the system, and does not write
new routines, much as we drive a car, and take it
to a specialist for repairs and alterations., But
life is more pleasant for this person, because
new and mere complex tasks are easily achieved
with the aid of computer graphics.

B. USER-ORIENTED SYSTEMS PLUS MODIFICATIONS

A student geographer enrells for an upper
division class, in order te learn SYMAP from the
Harvard 3patial Analysis Group. He learns SYMVIEW,
and after completing his studies, he is able to
modify and alter some routines, to achieve new
modules and routines that others may use. These
are stored on the library. Later, the gecgrapher

AMALY3IS OF LEVELS OF GQRAPHIC USE

goes on to study a special STATPAK visualization
system available on the library. He is capable
of learning a system, and writing a limited num-
ber of naw routines, Here is ancther level,

C. INTERDISCIPLINARY STUDIES

& computer sclence major is studying compu-
ter art and is fascinated by medical patterns, 4f-
ter doing a research paper on compuber graphics in
medicine, she decides to take more graphics courses
and alsc to enrcll as a pre-med minor. After ob-
taining a bachelor's degree, she obtains a position
in a large hospital and goes on bo take additional
coursas in medical graphics, becoming a specialist
in graphics/medical applications systems. Here is
yet another level of computer graphics use,

D. DOUBLE MAJOR - DUAL EXPERTISE

An engineering student takes a computer course
and enrclls as a computer science minor. However,
after taking an engineering graphics course, he de-
cides to become a double major in both areas, and
to specialize in engineering graphics software wri-
ting. After graduation, he obtains a position in
a large engineering consulting firm that designs
software packages for specific engineering graphics
applicabtions, He writes packages for student en-
gineers, se that they can become more facile in
their own professional work. Here is another level
of graphics/computer use, in which the skills are
of a higher lewveal,

SUMMARY

I once heard a remark from a scientist in a
think tank, "Too many people are computing -- but
they have absclutely no idea of why they are compu-
puting." This is equally true of graphics people,
One may use the computer to graph or chart innumera-
ble types of probleams--and we use computer graphics
for diverse reasons: speed, efficiency, even pre-
sion, beauty, understanding, etc.

One day in the near future, we will have trans-
cended our great pride in being able to communicate
with and use computers -- and we will progress to
the level where we will think more clearly and lo-
gically about many kinds of problems -- and perhaps
do something about them. The computer and graphics
could be literally "wings of the mind” to Lift us
beyond the present pleasures of processing to
genuine problem=solving of ilmportant issuss, where
results are important, and not the level of compu-
ter expertise, The computer is a useful tool for
all kinds of nice people.

1 Berkeley, E. C. and Hertlein, G. C.,
"Computers" in Social Consequences of Engineering,
H. Kardestuncer, Editor. MNew York: Dun-Donnelley,
1378,
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COMPUTER DISPLAYS OPTICALLY

SUPERIMPOSED ON

by Dr. Ksnneth C. Enowlton
Bell Laboratories
600 Mountain Avenue
Murray Hill, Wew Jersay 07974

INCPUT DEVICES

"2 popnsole of this design can serve alternately as
a typewriter, computer terminal, text editor, telephone
operator's consele, or computer assisted instruction
terminal. "

ABSTRACT

A set of pushbuttons on a console may appear
to have computer-generated labels temporarily in-
scribed on them if the button set and computed dis-
play are optically combined, for example, by means
of a semitransparent mirror. This combines the
Mlexibility of light buttons with the tactile and
kinesthetic fesl of physical pushbuttons; it per-
mits a user to interact more directly with a compu-
ter program, or a computer-mediated operation, in
what subjectively becomes an intimately shared
apace,

A console of this design can serve alternately
25 a Lypswriter, computer terminal, text editcr,
telephone operator's console, or computer-assisted
instruction terminal, Each usage may have several
modes of eperation: training, verbose, abbrevia-
ted, and/or specilal-privilege. Switching from one
mode or use to another is done by changing the soft-
ware rather than hardware; each program controls
in its cwn way the momentary details of wvisibility,
position, label, significance, and function of all
buttons.

Several demonstrations are described, includ-
ing a prototype of a proposed Traffic Service Posi-
tion System (T3PE) console, and an interagbtive com-
puter termin resenbling a Ploturephone et with
a Touch-Tone™ pad. Alsc suggested are combinations
ol computed displays with x=-y tablets and other in-
put devices.

INTRODUCTION

In interactive use of computers, a large num=
ber of advantages result from virtually superim-
posing the computed display on an input deviee such
a5 a two-dimensional array of pushbutbtons. /1,2/

A display so arranged can be used effectively to la-
bel buttons or relabel them with new meanings; in-
deed the buttons themselves may seem to appear and
disappear according to their momentary significance
or nonsignificance to the program. The same com-
posite console--display plus input device--may have
vastly different uses depending on the program that
labels buttons and reacts to them. Thus combined
are complete flexibility, normally associated with
light buttons, and the tactile and kinesthetic feel
of physical buttons that move, as on a typewriter,

L button set may thus "be" a typewriter, caleula-
tor, telephone operator's conscle, computer-
assisted instruction terminal, or music kevboard.

An x-y tablet or other two-dimensional input device
may likewise have a computed display superimposed on
it. In all cases, the user enjoys = sense of close
interaction with the computer in an intimately
shared input-output space,

Reprinted with permission from The Bell System
Technical Journal, Vel. 56, Ho, 3, March, 1977,
Copyright 1977 AT&T Company.
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Figure 1 - Baszic arrangement for superimposing a
computed display on a two-dimensional array of
buttons.

I. BASIC PRINCIPLES

4 straightforward way of superimposing a dis-
play on a button set involves a semitransparent
mirror, as illustrated schematically in Figure 1.
The user looks through the mirror and views his/her
hand directly as it pushes buttons. The display—-
a television monitor in the illustration--and mir-
ror are so arranged that the virtual image of dis-
played light buttons conforms in three-dimensional
space exactly with the position of the phyaical
keytops, Perceived spatial congruence is so pre-
cilse that if the display is a bulging TV screen,
then it is best for the button tops to conform to
a convex envelope, as in Figure 1, so that the
central buttons do not seem too soft (i.e., so
that the finger meets the physical button top at
exactly the same depth as the image position).

When displayed image, button set, and mirror are
properly aligned, there is no parallax effect and
bystanders perceive interacticns exactly as the
user does. In fact, the actual buttons nsed not he
seen--it is best if they are painted a dull black
20 that they seem to disappear when the correspond-
ing light button 1s extinguished. For proper hand-
eye coordination, the user does want to see his/
her hand; therefore, lighting from the side is
useful, If it is strong enough, then the mirreor
used need be only slightly transmitting (say 10
percent) and may thus be highly reflecting [say

7% percent) te maintain high visibility of the
virtual display. Ambient light is no problem ex-
cept that strong roem illumination, direct or re-
flected, should be kept off the display screen.

The display, of course, needs to be generated
upside down so that it appears right side up when
viewed in the mirrer. This is no fundamental pro-
blem except that one commonly imports or imple-
ments software in which the assumption of right-

4 COMFUTER GRAPHICS and ART for May, 1977
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Figure 2. (a) A laboratory setup for experimenting
with displays superimposed on button tops.

(B) Close-up of TV =screen, mirror and 12 x 10 set
of buttons.

side-up generation (of alphabetic characters, for
instance) may be embedded deep in the code,

One curicsity of these systems is that the
hand s=ems transparent to light buttons, since it
deoes not intervene in the path of reflected light.
We can read through our fingertip the current label
of the button pushed, as well as see other buttons
beneath the hand. This is not in the least confus-
ing to a user who has been at the machine for a few
seconds; on the contrary, it is definitely helpful
not to have to remove your hand to see what's be-
neath it.

Figure 2a (above) is a photo of one generally
useful laboratory prototype for experimenting with
usages of virtual pushbutton consoles; Figure 2b
(above right) is a closeup of display, mirror, and
button set as seen from farther away and lower than
the user's normal head position. The computer used
has 32K 24-bit words of core storage; programmning
is done in FORTRAN and an assembly languags. The
display is a normal 525-line TV meonitor, with se-
parate red, green, and blue (RGB) inputs, refreshed
30 times per second by specially built hardware
from a separate core memory that holds 3 bits per
picture cell, /3,4/ (The displayed picture is
only 496 lines of 528 pixels per line.) Each of
the eight legical colors is pregram-definable to
128 levels per primary. The button set is a 12-
wide by 10-high array of pushbuttons, i-in. =square
on l-in. centers, each with 3/l6-in. travel. The
computer reads only rows and columns in which but-
tons are momentarily depressed--all single hits are
clearly decodable, as are multiple hits in the same
row or column and scme patterns produced by pro-
gressively adding buttons. The mirror is 16 in.
square by & in. thick; it is firat-surface 75 per-
cent reflecting and 10 percent transmitting.

ITI. PROTOTYPE FOR A TELEPHONE OPERATOR'S CONSOLE

The setup of Figure 2 has been used to imple-
ment an experimental demonstration of a flexible
telephone operator's conscle--in particular, a pos-
sible replacement of the present Traffic Service
Position System (TSPS) atation and/or future ver-
sions of it, /5/ Figures 3 and 4 illustrate many
of the features that such a console might have.

In the demonstration, button tops are I-in. green

squaras, containing green labels; lines connecting
logical groups of them are blue--sometimes these
alone appear where an entire set of button tops has
has vanished in order to preserve a sensze of orien-
taticn and geography. Lighta at the very top of
the board, indicating what type of call iz present-
ly being processed, are red, as are occasional wide
frames around buttons, peinting out mandatory oper-
ator actions. (Please turn to pages £ and 7 for
Figures 3 and 4.)

The sequence of Figures 2a through 3z illus-
trate the handling of a particular call, which is
being charged to a third phone. Figure 3a shows
the board before the call arrives, with only a few
buttons present, indicating the limited number of
things an coperator can take initiative on with no
call to process, such as to inquire as to the time
of day (lower left). In Figure 3b, a "zero+" call
has arrived from a non-coin phone (the calling
party has dialed the called number, but asked for
operator assistance by the leading zero). The
operator asks,"™May I help you?" and the calling
party requests that the call be charged to a third
phone, whereupon the operator prepares to push the
special calling (SPL-CLG) button. With the class
of charge thus declared (Figure 3c}, this button
lights brightly and other class-of-charge buttens
dizappear; alsoc, the key pulse special (KP-SFL}
button lights with a red frame, in effect insist-
ing that the operator enter a third phone or cre-
dit card number. ({(Notice that the KP-SPL with red
frame can be read through the hand.) When the
operator pushes this button, the keyset appears
and is used for entering the third phone number
(Figure 3d)., The numbsr entered appears in the
center of the panel and the SPL-NO display button
appears, indicating that henceforth there is a
special number, which may be redisplayed at a la-
ter time, The ST-TMG button with red frame mesans
that no more information is needed; if it is
pushead, the telephone machinery may start timing
the call as soon as the called party answers the
phone. When this button is pressed, it disappears
(Figure 3e) and the FOS-REL button appears permit-
ting the operator te release the call from this
position, whereupon the board reverts to the quiss-
cent state of Figure 3a,

The sequence in Figure 3 shows that this con-
sole is dynamic even during the processing of a

COMPUTER GRAPHICS and ART for May, 1977 5
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Figure 3 - Demonstration of a charge to a third phone.
SPL=CLG button; (d) Third phone number is keyed in;

Quiescent beard; (b, ¢) Operator pushes the
3T-TMG button pushed, permitting POS-REL.

ohone call; all of the buttens that have meaning
at any moment, and only those buttons, are visible,
The sequence in which they appear, in fact, tends
to lead the operator through the required series of
decisions and actions; this should be a signifi-
cant help in the training of new operators (there
could be a verbose mode, or a HELP butten to spell
out in words or phrases the meaning of buttons or
situations encountered.)

Figure 4 illustrates more features of the TSP3
demonstration. (See page 7 for Figure 4.) For the
sake of comparison, Figure 4a shows the complete set
of buttons corresponding approximately with the cur-
rently used board. It is not immediately obvious
here that the KP-TBL (meaning, "prepare to key in a
trouble code") is one of the few meaningful actions
when no call is present. (Figure 4d, on the other
hand, is the recommended appearance ol the quies-
cent board, with only wvalid buttons showing; here,
the operator is inguiring as to the time, which is
displayed while the TIME button is pushed.) Fi-
gures 4b and 4e compare the left- and right-handed
boards; a left-handed operator presumably will
want the keyzet for entering phone numbers, etc,,
cn the left., (Programming, as one should expect,
is done in terms of logical buttons--where each

button happens to be any time is a matter of map-
ping. Individual operators might even be allowed
to make their personal rearrangements of the board.)
Figure 4c shows the enbire board temporarily turned
into a typewriter keyboard for possible future ap-
plications requiring alphanumeric input. Figure 4f
repeaats something that already appeared in Figure 3:
a call originates from a patient abt a hospital, an
institution which does not want to be the collect-
ing agent for phone calls and therefore requests
the phone company not to let the call be billed to
the calling phone. Thus, in the spot where the
operator might have expected a class-of-charge
button PAID (by the calling phone) there is an
explanatory note, HOSF, which neither appears nor
functions like a button.

The key word is flexibility, including the op-
tion of introducing new buttons for new services or
functions. All such alteraticns,; including adding,
modifying, rearranging, relabeling, or deleting but-
tons, are changes in software; they would be much
easier to implement on any or all of the consoles
than would be equivalent changes in hardware (once
the changeover has been done).

One should finally note that, for the handling
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of phone calls, a great deal of electronic equipment
is already needed, including circuitry and other
means for detecting and decoding button pushes., The
significant addition suggested by the present proto-
type is that the main call-handling mechanism could
tell the console what buttons to light and extin-
guish, and where. In other words, the console would
show what button presses are legal, something which
is already implicit in the program. Operators would
be less likely to do things ocut of order, simply be-
cause they would not expect anvthing to happen in
response to pushing an unlighted button. A simple
case in point is; 4if the start timing (ST-TMG)
button is not present but the class-of-charge panel
is entirely illuminated, it should be immediately
obvious even to the beginner that the class of charge
still needs to be declared (perhaps among other
things) before it is legal or possible to start tim-
ing of the call,

ITI. & RELABELABLE "TOUCH-TONE®™ PAD AS AN INTERAC-
TIVE CONSOLE

A set similar to Picturephone set could be used
as an interactive remobe computer censele, with the
Touch-Tone pad a= the input keyboard. A& schematic
for a mockup is shown in Figure 5, where a semitrans-
parent mirror effectively puts the computed image on

{See page 6 for discussion of Fisure 4.)

the Touch-Tone buttons so that the 12 buttons can
have several labelings and a correspending extended
range of functions. A proposed new feature, as il-
lustrated in Figure 5b, is the use of the bottom
quarter of the screen as a light source for illumi-
nating the hand, but only when function buttons are
displayed, not when some other graphic program re-
sult is being shown, In the latter instance, when
the hand should not be seen, the screen "light" goes
off. A partial cabinet hides the hand from room
light.

Such a console has been built using a computer,
a Touch-Tone pad as the keyboard, and a color tele-
vision RGE monitor so modified that each of its
three color signals is essentially a Picturephone
signal. /6/ The picture is again 3 bits per pixzel
with a total of 254 lines, 240 pixels per line, The
front-surface mirror is 45 transmitting, 45 percent
reflecting, with an antireflective magnesium fluo-
ride coating on the second surface. (See page 8
for Figures 5 and 6.) Figure 6a shows a distant
view of the button set and (inverted) display,
wherzas Figure 6b shows the user's view for this
same circumstance. These buttons are not blacl,
yet the computer-generated image effectively obli-
taerates the intrinzic labels on the buttons to the
extent that one could turn the pad into a normal
calculator, high numbers on top, with no confusion
as to current numbering.

Below: Figure 4 - Illustrating features of TSP demonstration.
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Figure 5 - {a) Console setup with a relabelable
Touch-Tone pad as an iterative graphics console.
{k) Side view of console showing extra mirror
for reflecting bottom-of-screen light scurce.

returns control to the rest of the program, with
the pattern redefined.

A more elaborate program uses the capabilities
of the color monitor to generate four-color designs
like the one shown in Figure B by selecting and ap-
plying wariously stretched and positioned instances
of basic patterns. Figure 9 shows its seven basic
button labelings. The user may start with any of
the four colors as background (figure 9a) and se-
lects a pattern as before {Figure 9b). In addi-
tion to placing it anywhere on the screen, the
user may change its height and width independenily
(Figure 9c}. Before finally drawing the addition

Two demonstration graphics programs have been
written for this system. The first, whose three
basic button labelings appear in Figure 7 [page 9],
provides for drawing electronic circuit schematic
diagrams, such as the one shown in Figure 74, by
the juxtaposition and combination of basic patterns.
A pattern is selected by pressing a key labeled by
a small picture of the pattern (see Figure Ta); the
button marked NEXT EIGHT causes paging through se-
veral such sets of eight patierns. When pressed,
the pattern is framed, as shown. The user may
branch to that part of the program which places the
new element on the faintly visible current picture
by pushing PLACE. (Pregram branches invelving re-
labeling buttens are indicated by symbols resem-
bling miniature sets of 12 buttons with a label
alongside.) Figure 7b shows the result: buttons
for moving the new instance, for saying, "0K, add
it," and for seeing the result, The LET'S SEE
button causes the button set and labels to go out,
likewise the light illuminating the hand, whereas
the faint circuit diagram in the background comes
up to full brilliance, as in Figure 7d., The speck-
ling of unused buttons serves to obscure the in-
trinzic Touch-Tone labels. Another program branch
provides for the redefinition of a pattern (see
Figure Tc). Here, an enlarged pattern appears on
the right with a 3 by 3 window drawn on it. Con-
tents of this window are displayed on the top nine
buttons, where & button press flips the cell. The
arrow buttons move the window over the pattern; OK

Motes on Figures 6(a) and 6(b) below: Bla) - Dis-
tant view of a simulated PICTUREPHONEQ@ console
seftup, showing inverted image on screen. mirror,
and user's hand operating TOUCH-TONE & buttons.
6(b) - User's view {through mirror) of situation
depicted in Figure 6(a)}, with TDUCH-TDNEd}butths
effectively relabelled by the computed display.

8 COMPUTER GRAPHICS and ART for May, 1977
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Figure 7 (a-C} - Button labellings of a program for
composing electronic circuit diagrams. (d) 4 result.
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onto the picture, an optional border, of width }, 1,
g, or 3, and its coler, are chosen (Figure 9g). The
colors themselves may be redefined (Figure 9f) by
increments or decrements of the three primary co-
lors, the X button serving to flip between modes
ADD and SUBTRACT, Throughout the pregram, buttons
which are temperarily meaningless disappear; if
border width is zero, the color buttons vanish; if
ne more red can be added in defining the currently
selected color, RED goes out; if position or size
are extreme, the corresponding cursor arrow button
disappears.

To summarize the Touch-Tone demonstrations, a
complicated interactive graphics program can be run
by means of a 12-button Touch-Tone pad if the but-
tons are easily relabeled to provide a rich variety
of fupctions. Button forms and features found use-
ful are:

- 30lid square with a 1- to 3-word label along-
side,

- small pictures of symbols significant in the
program,

- Other iceonic symbols:
-An eye meaning, "Let's see the picturs."

=Miniature 12-button set with label: a pro-
gram goto involwving relabeling.

=Arrows for positioning a cursor and setting
its size.

- Picture cells in a basic pattern being defined,

Speckles to hide the intrinsic label of a non-
functioning button.

- A frame marking the current selection.
- Alternation or cycling:

-Paging through sets of patterns.

-Add vs. subtract for defining ccleors.

-Black vs. white cells in pattern being de-
finad.

- Buttons that disappear when not meaningful:

-Cursor arrows when at extrems size or
position,

-Color increments when at limit of range.
-Border ceolor when width = 0,

- Button set that disappears Tor viewing pro=
gram result.

= Frama around logical groups of buttons:
=Enlarged window of pattern cells.

-Pattern set.

Figure & - Sample result of a more gensral program
for production of 4-color designs made of variously
stretched and positioned geometric patterns,

Hlﬂﬂ

i

i
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or sacond button, could mean picture cell
displacements in the corresponding di-
rection.

V. ONGOING WORK

Experimental and developmental work is con-
tinuing with hardware and with both general and
apecific software, as follows:

(i}

fii)

The virtual light button sestup is being
considered as a possible form for a

TEPS console. It would have the fol-
lowing advantages for operating com-
panies: [t would be expscted to reduce
training time; additions or changes in
sarvice or protocol would not require
hardware changes to the conscles; one
design would serve many purposes--hand-
ling phone calls, maintenance, traffic
control, clerical work. Implications of
the latter are that the operator's job
could be restructured censiderably, with
periods of instruction or other jobs
easily interleaved with normal call hand-
ling in off=-peak hours,

A wversatile and economical console is
being designed, and a mockup built, us-
ing a l28-button panel, and a 512 by

512 60 pel/inch plasma panel /107 as
shown schematically in Figure 10. (The
plasma panel needs no external refresh
system--cells may be 1it or extinguished
individually, and each retains its state
until changed. The panel is flat, per-
mitting the button set o be flat, and
since picture cell positions are defined
by the structure of the device, the over-
all setup cannot become miszaligned by
electronic drift.,) The board is arranged
basically as an 11 by 11 array on 3/4-in.
centers {(normal typewriter spacing) with
slight adjustment of the bottom rows =so
they conform closely to a regular bype-
writer., Some buttons hang partially

off the 83 by Bi-in. display area; their
meanings will normally be understood,
The labels in Figure 10 indicate how

a typewriter keyboard is intended to be
mapped onto the buttons set; the bub-
tons can alsc be used as an 11 by 11
rectangular array buft with some dis-
tortion in the lower lines, at least

For the lowest 12-button row. Arrange-
ments are being made to read all combi-
nations of simultansous button presses.

Commercially available plasmsz panels,
sadly, are monochrome (neon orange).
They are, however, much nore economical
than color TY monitors plus refresh buf=
fers.

The ultimate [lexible-but-economical cdn-
sole is expected to be close to the abaove
design of keyboard + plasma panel, with
addressing and driving electronics of

the plasma panel in the lower cabinet,
noet in & bulky frame around bthe display.
It would contain a character-generator
capable of generating (hierarchically)
parts of butbtons, button tops, and sels
of button tops. The remcte computer
would then need to designate only which
light butteonis) to put up and/or extin-
guish, and where, whergas the console

addressing
addressing elec- - <y
s tronics ,/’ ".r‘
/! & s
plasma display <)
pane{ ;
i ,.r'Ir
\ ;# mirror
v
W ¥
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i !
!
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Figura 10 = Console under construction, using

plasma panel display. (a)
(b] Button layout:
tioned on 3/74™ centers.
of lower board as a typewriter.

Zchematic side view,
128 buttons basically posi-
Labels illustrate usage
Large aguare

indicates virtual position of 8-%" sguare plas-
ma panel display area.

(iii)

would report bubtton hits, perhaps with
local culling of hits on nonlighted but-
tonz, Bokth are low-capacity channels; a
twisted pair phone line would sufTice,
Arn 11 by 11-in. mirror would be big
encuch for a single user [larger mirrors
arg useful for demonstrations).

A general-purpose software paclkage under
development will ultimately facilitate
the writing of specific usage programs.
I% will permit convenient design and la-
beling of light bubtons, plus facilities
For conveniently defining mappings be-
tween logical and physical butbtons and
describing changes in state: appear-
ance and disappearance of buttons,
changes in values of wvariables, and

flow of control, It will also provide

a testing ground for one of Ehe author's
basic attitudes about usage of such a
system: that there should always he
e¥act correspondence betweoen buttons
which appear and those responded te,
This ground rule should aid the devel-
opmznt of complex systems like TSP2
where there is 2 huge number of combi-
natoric states of the board, and whero
it is a big and difficult jeb to defipe
precizely and completely which button
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hits are or should be legal from inastant
to instant.

(iw) One application nearing completion is a
text editor, where text being worksd on
appears in the top part of the scraen,
while the bobtom part szerves as a type-
writer keybeard. The novel feature of
the =zetup at pointing (to lines or
words or pozitions o deleting, changing,
insartin iz done by pointing into the
text., T is displayed with three lines
of ive characters on each button top,

and signates a character by a sequence
of two button hits: first the button on
whi @ character appears, followed by

. i
the same button if the character is cen-

tered on this bubton, or by a nearby bub-

n

ton in the direction that the character
iz off-center (the second bubtton is al-
ways one of the 3-high by S-wide sub-
array centered on the first],
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CRT GRAPHIC TERMINALS

by Carl Machover, PFresident
Machover fAssociabes Corporation
199 HMain Street
White Plains, Wew York 10601

"e..Where the budget is limited, it is important

to carefully consider what performance your application
actually regquires -- and then choose a terminal which pro-
vides enough (with some safety Ffacror and provision for

growth), but pnot significantly more than vyou need,®

INTRODUCTION

Cathode Ray Tube Terminals have now been asaocia-

ted with digital computers for almost two decades.
Initially, the terminals were used in military com-
mand and control systems. Back in the mid-Fifties,
for example, the SAGE system used CHT terminals [not
grossly different from present day refresh units) as
ane of the primary conbrol devices for our air de-
fense =system, However, the use of CRT Graphic Ter-

minals for design purposes in a non-military environ-
Many digital system histori-
such a specialty) will date this ap-

ment is relatively new,
ans (i there is
plication of CRT Lerminals to the pioneering work
done by Dr. Ivan Sutherland on Sketch-Pad in the
aarly 1960's, I have been invelved in computer gra-=
phics since 1960, and I must admit that for several
of the early years, we felt that we had a cure For
which there was, as yet, no known disease. There
have been a great many changes in computer graphics
since that time, and CRT terminals are becomingly
increasingly common in & great many applications
areas.

Today, the use of CRT graphic terminals in re-
search, art, and profit-malking situations iz ex-
panding rapidly. In 1976 one authority estimates
that more than 1 billion doliars worth of computer
graphics equipment and services were sold.

In this article, I plan te briefly discuss CRT
Graphic Terminals within the [rameworl of four to-

pics:

1. How a CRT produces & graphic image.

2., A typical CHT graphic terminal blocl diagram.

3. Performance characteristics of commercially
gvailable equipment.

4, Trade-offsa,

My objeciive is Lo give the reader a grasp of
what performance can be expected from commarcially
available squipment, what are some of the alterna-
tives you have in configuring a system, and Cinally,
having made your choice, how to be reasonably sure
that you can specify the desired performance so
that the supplier will provide equipment to meet
your needs.

1., HOW A CRT PRODUCES A4 CRAPHIC ITHAGE

Within the CRT, a stream of electrons is
produces which impinges on the phospher screen.
When the electropns hit the screen, light is emitted,
Due to the nature of the electron beam and the
screaen, there are five parameters which can be con-
trolled %o produce a dynamic or static image.
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L, Beam Daflection

The electron beam is deflected by both mag-
netic and electrostabtic Cielda. A primary advan-
tage of the CRT is that the beam has negligible
inertia, and therelore, can be noved at very high
speeds {compatred to a pletiting pen, for examplel.

Two basic deflection schemes are used in ty-
pical graphic terminals. One is a aystem with
which you are already familiar -- the same as
used in your home televisicn set, In a Ltelevision
zet, the beam is moved in the X direction. The
beam iz rapidly reset to the starting horizontal
point and moved again horizontally. AU the same
Lime, the beam is moved slowly in the vertical
direction, (See Figure 14 below.) A typical
television picture, for example, consists of 525
ol these horizontal scanning lines repeated ap=
proximately 30 times a second. This regular scan-
ning patfiern is called a raster scan.

Deflection Schemes

FIGURE 1 = Basic
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the beam could be moved simul-
Lansously in an X and ¥ direction; along a straight
or curved path, to produce the desired lins., (See
Figure 1B, p. 16.) This is essentially Lhe same
way that you use a pencil Lo produce a plcture.
This method is commonly referred to asz random
positioning, or beam steering. Although raster
scan describes & TV picture, the term "raster
Unit" is frequently used in conjunchtion with a
random position systcm "Haster unit" usually
refers to the smallest digitally addressable in-
cramant on the screen.

Alternately,

B, Beam Modulation

By properly modulating either the cathode or
the control grid of the CRT, the beam can be turned
of f while it iz being moved to locations on the
screen and then turned on at the desired spot. Al-
s0, the intensification can be varied so that a
number of light output levels are achieved,

Bezam modulation can be used either with ras-
ter scanning or random positioning. With the ras-
ter scan mebthod, as in the home television set, the
beam i= turned on and of f in response to control
signala, Areas of dark and lisht combine to form
the desired picture,

With random scanning, the beam is generally
turned off until the desired position is reached,
and then the besam is turned on while a beam iz de-
Tlected along the programmed path.

[+

Beam Cross-Section

Typically, the CRT beam is focused with an
elecirical lens system, Usually, one wants te cre-
ate as round and as small a beam cross-section as
possible. However, it is possible to intenticnally
distort the beam apd change its cross-section. In
one type of CRT, the charactrorn, the beam is extpru-
ded throush a stencil so that ifs cross-section is
formed inte a symbol. When the beam then strikes
the phosphor, light is emitted across the entire
cross=section, and the symbol appears on the screen.

D, Inmare Persistence

A system can depend on the eye's memory or on
the phoszphor persistence to present an image which
does not [licksr. The light from some phosphors
dies out within microseconds after the beam moves
to another location. (See Table I above.) With
other phosphors, light will continue to be emitled
for milliseconds, Storage tubes are available on
which the image staysz until intentionzlly erased,
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"Control of the
depth of penetration
into a series of phos-
phor layers to produce
different colors has
been used in several
color tubes., Figure
2 fat left) illustrates
of such a

tube." J1/

FIGURE 2 - Pemetration-Control Tube
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TABLE T

Time Reguired to Decay to Phosphor

10% of Initial Brightness Classification
Less than 1 USEC Vary Short [(VS)
1 USEC to 10 U3EC Short (3}
10 USEC to 1 M3 Medium Short (M3)
1 M5 to 0.1 SEC Medium (M)
Q.1 SEC to 1 3EC Long (L)

Longer than 1 SEC Very Long (VL)
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Except in the storage tubes, image persistence
iz not usually controllable, bui rather is a func-
tion of the phospher originally chosen.

NOTE: Phosphors are categorized by the length
of time required for the image to decay 10% of its
initial wvalue. Phosphor classifications are sum-
marized above.
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E. Color

There is a broad spectrum of colers available
to the user. Phosphors are available which emit a
white, green, blue, yellow, red, or orange light.
Szveral phosphors can be combined in one tube to
achieve multicelor presentaticns.

In single phosphor CRT3, color is a function
of the phosphor chosen, In multiple phosphor
CHT=, the graphic element color can be under pro-
gram control,

Color may be achieved by using multiple gun,
color mask, color triad screens (as in home TV sys-
tems), or by using single gun, dual layer phosphors
as in the pensetration CRT.

In summary, any graphic element can be produced
on the CRT properly controlling the deflection, in-
tensity, beam, cross-action, image persistence and
color. Commercizlly available systems will progpram
some or all of these parameters to develop a pic-
ture.
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CRT Graphic Terminal
Basic Block Diagram

A TYPICAL CRT GRAPHIC TERMINAL BLOCK DIAGRANM

Consider next, the basic block diagram of a
CRT graphic terminal, shown in Figure 4. The fac-
tors uwsuwally conbrolled in the CRT are reflection
and intensity. Because of the natures of a CRT,
these are normally controlled with analog voltages.
However, the output of a digital computer iz a mul-
tibit digital word--a series of 1's and 0's., There-=
fore, between the cutput of the computer and the
input to the CRT a digital-to-analog (D/4) convers
ter is reguired,

This complex D/L bebween the computer outpui
and the CRT input has Lwo main sections = the in-
terface and the display generator,

A digital word is presented to the input or the
interface, and a digital word isideveloped as the
output. However, through the display generator, the
digital input is converted to analog oubpuls.

There iz one additional elemenk in the typical
graphic terminal, The block diagram developed so
Far takes the ouLtput of a digital computer and con-
verts it inke a graphic symbol on the face of the
CRT, 0One of the powarful features of a graphic
terminal is the facility for allowing the operator
{or user) to communicate back to the computer.

There are a variety of these communication devices
available —— such as a lighk pen, keyboard, func-
tion keys, joystick, track ball, Rand tablet, etc.
But first, let us cexamine some of the typical ele-
ments which comprise each of the major blocks.

A, CRT Display

Jithin this portion of the system is contained
the cathode ray tube, the deflection circuits which
position the beam, and the video circuits which mo-
dulate the beam. The tube may be deflected elsc-
trostatically or electromagnetically, or by a combi-
nation of both, The nature of the deflection cir-
cuits will depend on whether the system is basically
a razter scamning or a random positioning system.

srtetEdbEdEbabatitinn
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For now, we will assume that the tube uses a
conventional phosphor and hence, no control is pro-
vided for persistence, Also, We will assume that
the tube uses a single phosphor, and no control is
available to change the color, Finally, we will as-
sume that the cross-section of the beam iz not va-
ried,

Same CRTs are constructed zo thal an optical
image can be combined with the electronically gen-
erated image. These tubes have a port, or window,
through which a picture can be projected onto the
SCreth.

B, Display Generator

Before going into a detailed di=cussion of
the elements normally found in a display generator,
it would be well to sxamine in debtail how a diglital
signal might be used to produce a graphic symbol.
In the =implest case, the computer data word desig-
netes an ¥ and Y location on the screen to which
the beam should ke moved and then illuminated. Aoy
graphic symbol can then be made up as a series of
thesa illuminated dots. For example, the letter A
can be made up with 16 dets, (Figure 5 shows a
typical dot-pattern character. /3/ A line or a
circle can also be made up of a series of closely
spaced dota,

aEsEtstaraEaT
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FIGIRE 5 BELOW: Typical
Dot=Pattern Character &
& -3 L
5
[
3 @ O §
S
' L .
o1z 3 s ® &
FIGURE 6 RIGHT: The letter
A formed by 16 dots,
& - &
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Therefore the basic elements required in a dis-
play generator are a set of conventional digital-to-
analog converters which change the digital ¥ and Y
designations into ceorresponding analeg signals to
position the beam on the screen, plus a dot genera-
tor to turn on the beam after it reaches the pro-
grammed position, In this elementary system, each
dot requires a separate instructien. If, as in
most systems, the screen has 1024 addressable loca-
tions in the ¥ direction, 10 digital bits are nesded
to apeciflfy X and 10 digital bits are needed to spe-
cify Y.

To draw the letter & then, a series of 16, 20-
bit digital words would be needed and at least one
computer instruction might be needed for each dot.
Therefore, one of the early trade-off decisions
that one makes, {and we will examine these trade-
off' decisions in greater detail later) is the de-
cision between the amount of computer software to
make & graphic symbol vs. the amount of display
hardware to accomplish the same purpose.

A typical graphic terminal uses a number of
special purpose lunction generators to minimize
the computer software, Included among these Ffunc
tion generators are a character generator, a veg-
tor (line) senerator, and a circle generator,

Character Generator - With a character
zenarator, ror example, instead of speci-
fying the letter A as a series of 16, 20-
bit digital words, it is necessary to spe-
cify it only by 2 6-bit digital word (which
allows the selection of 64 characters), or
a T-bit digital word, which allows a se-
lection of 128 characters, plus--possibly,
one 20=bit word which desipgnates the po-
sition of the letter on bthe screen. In

the character generator is the special
circuitry which translates the 6-bit wora
into the necessary analog voltages. Just
as in the basic display which produces
images with either raster scan or by random
positioning, various character generators
produce characters the same way., In eibher
case, the character genepator acis as a
kind of digital-to-analog converter which
converts the 6 or 7 bit digital code into
the necessary analog voltages,

Cne exception to this methed was referred
to earlier, in the paragraph on beam crogSg=-
section., The separabe character function
generator 1s replaced by a stencil nask

in the tube., Instead of delflecting the
beam to form the character, the beam is
positioned to a2 location on the mask and
then extruded through the mask. In this
instance then, the character function is
included within the CRT,

Vector Generator = The wvector generatbor
relieves the computer programming problem
of forming a line by programming a series
of closely spaced dots. Instead, the vec-
tor generator receives computer instruct-
tions which define the starting point of
the line, perhaps as a 10-bit X and 10-bit
¥ word, and the end point of the line,
also a 10-bit X and 10-bit ¥ word. In the
vector generator is the circuitry re-
guired to deflect the beam along the de-
sired path,
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Depending on the type of vecter generater,
the line may appear on the CRI' screen as a
solid, eontinucus line or as a series of
closely spaced dols,

Curve Generator - Hardware curve generators
arc also available. Geperally, the genera-
Lor is limited teo full circles, To pro-
gram & circle, it i=s necessary only to di-
gitally specily Lhe center of the circle
and the padius. The harduare generates

the necessary analog voltages Lo move the
beam along the desired path.

There are some generators which can draw
circle arcs, or segments of up te 3rd or-
der polynominl curves.

........ D Y

BBLCW, FIGURES 7 AND 8. FIGURE 7 - "A scan-pattern
character generator can be obtained by using a device
such as a monoscope to sctore the intensicty sodulation
signals for each character. 4 typical monoscope char-
acter generator is shown in FIGURE 7. /47

FIGURE &, BELOW = "In stroke pattern generators, char-
acters are composed of & seguence of line segments or
strokes, generated by the cachode-ray tube electron-
beam movesent, with tine allowed between successive
Conrdinares ,* 57
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Function Generator Modificrs

To Turther reduce computer software require-
ments, the typical CRT graphic terminal contains
several other elements which medify the outputs of
the warious function generators.

For example, usually associated with the char-
acter generator is a digital size control,
one or two digital bits, several characier sizes
can be programmed. The digital size control is ge-
nerally a digitally contrelled attenuator operating
on the analog output voltages of the character ge-
nerator,

At the output of the vector generator, it is
possible to cennect a line structure control., In-
stead of the line beipg drawn solid, it can be
programmed to be delbted, dashed, or dash-dotted.
This could be done with software, but the hardware
alternate allows the contreol to be done with one or
twe digital bits, Also, in the btypical system,
modification of the line structure can be accom—
plished without affecting the time in which the
line is drawun.

Video outputs (rom the dot generator, charac-
ter generator, vector generator, and circle genera-

tor can be routed through a digitally controlled in-

tensity modifier so that the intensity of any of
these symbols can be varied by a one or twe bit
digital word. The instensity can be Further modi-
fied under program control =o that any of the aym-
bels can be made to blink. This blink control is
available as a hardware element.

Display Processing Unit (DPU)

With all the function geperators and functicn
generator modifiers; it is necessary to provide lo-
gic which decides the computer data word and routes
the infermation to the appropriate functicon genera-
tor and modifiers, This is 2 block that can be
called a display processing unit (DPU). In the
simplest form, the DPU simply acts as a decoder., In
mare complex systems, several other hardware func-
ticns are assigned to the DPU,

For example, the stringing of characters across

a line in a typewriter page-like format can be done
by legic in the DPU, Only the initial position of
the first character in the line needs to be pro-

grammed. Subseguently, charackers are streamed out

and the hardware takes care of advancing the charac-

ter to the next location., Spacing can be made the
hardware function of the character size. Proviasion
can be made so that when the characters reach the
end of the line, the line automatically resets to
the left hand margin {or to a programmed margin}

and advances by the appropriate space to begin the
next line of characters. Circuits can be included
in the DPU so that characters can be rotated by 909
and plotted vertically instead of horizontally, or
the characters can be superscripted and subscripted.

e

By using
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The DPU might also include logic for string-
ing line segments so thab once the first line is
established, only Lhe new endpoints of the line
zepgments nead be ocutpubted to the display sonera-
tor. Depending on the configurakbion of the mode
control, these successive endpoints can be given
either as absclube positions on the screen or can
ba defined as relative positions from the starting
points.

Cther hardware functions can also be built in-
to the DFU. For exanple, a mode can be provided
wiich allows for avtomatic plotbing of a seriez of
points or vertical lines where Che horiszontal
spacing is a preprogrammable increment; or a mode
can be provided that allows the incremental posi-
tioning of a series of dots. Some commercial sye-
tems also include hardwarc to cause the displayed
image Lo rotate in either 20 or 30, together with
hardware for windowing, for intensity contrelled
depth cueing, and scaling. In some systans,
the image can be defined in a world much bigger
than iz being shown on the CRT. Vindowing refers
to the problem of handling picture information
which might be off-screcn.

DPU complexity is part of the hardware-zsofiware
trade-ofl, Microprocesszors are now commonly used
for the DPU,

Display Refreshing

Earlier it was stated that the typical phesphor
used in a CRT emits a light lor only the time that
the bean impinges on the phosphor., There may be
zome persizstence (or after glow), but generally
this does not exceed several milliseconds. This
means that semesthing is required to create the
impressicn ol a conbinuous image.

If the screen has short persistence, the eye's
memory must be used and the picture must be re-
painted many times a2 second Lo give the eye the
impression that 1t's on continueusly, The pumber
of times per second that nesds to be painted iz the
function of the phosphor, In praciical systens
thiz will range bBetween 10 to 40 times per second,
If there were no storage element in display genera-
Lors, this refreshing of the display must come from
repeated cubputs of the computer, Assume for exam-
ple, that 500 data words are reguired te form a
complete image, and to give the viewsr the impres-
silon that the image is constant, bthe image must be
repainted 30 times each second, Therefore, the
computer would be required Lo ocutpubt 500 words
every 30th of a second in order to refresh bLhe dis-
play.

A3 an alternate to thisz, it is possible Lo in=-
clude within the display generator a storage of
some kind. This can be random access core memory,
a delay line, or a drum. If the storage is avail-
able in the display, it is necessary only for the
computer to load the memcory with a frame of data
1500 words, from the previcus example), The dis-
play then would recycle the data cut of the store
as frequently as necessary bo refresh the picture,
The only time the computer would be required is
when a picture needed to be changsd, Then the com-
puter would address the storage as needed, and the
new information would appear on the screen.

It is also possible to use a CRT on which the
image does not die out immediately, Theres ars
several electronic storapge tubes available in which
the image will remain until intentiomally erased.
By using this type of CRT, the computer need only
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program the frame once and the data will remain on
the screen until intenticnally erased and nsw in=-
formation is programmed.

Today there are almost 10 times as many stor-
age tube graphic terminals in use as compared to
211l other kinds (commercial, non-military applica-
tions).

The cholce of whether to use the computer to
refresh the display or whether to use a memory with-
in the display, or whether fo use a storage type
tube is one of the trade-off decisions that faces
the user, Also entering the storage trade-olf de-
cision is the possibility that the storage and
parit of the mode control can be replaced by a
amall, general purpose digital computer. The
phrase, "intelligent terminzal"™ is often used Lo
describe a system which includes such a minicompu-
ter or microcomputer.

Display Generator Qutput

The analeg signals from the various function
generators and function generator modifiers are
combined into appropriate deflection and video
ling deivers which feed the CRT display analog in-
puts. Freguently, the character deflection wol-
tages [(which often require wide bandwidth but small
daeflection channels) are separated from the other
deflection woltages. Therefore, the output of the
display generator would consist of major deflec-
tion analeg signals, minor deflecticn analog sig-
nals, and a videc signal.

Zeveral line drivers may be included in the
dizplay generabtor and may feed more than one CRT
dizplay. These auxiliary line drivers may, for ex-
ample, Fesd & wall size display, a microfilm dis-
play, a hard copy device, or ancother direct view
aizplay.

The presentztions on all displays may be iden-
tical, or they hawve, as a result of suitable pro-
gramming of the videc channels, different presenta-
tions.

C. Interface

The input to the display generator is a mul-
tibit digital word. The number of bits required
Will depend on the specific design of the display
generator and may not be the =zame as a number of
bits available from the cutput of the driving com-
puter (particularly where the CRT graphic terminal
is supplied by one manufactursr, and the computer
is supplied by anothser). Also, logic levels of the
display generator may not be identiczsl te the logic
lavels of the computer, Therefore, an interface
block is needed betwsen the computer and the dis-
play generator. The interface hazs three functions:

1. To reorganize the compuber data word
{which may vary from 8 bits to 48 bits)
inte the word structurs required lor Lhe
display senerator.

M2

To conwert the computer logic levels into
the display generator logic levels.

3. To provide the necessary ssguence signals
50 that the computer can properly conma-
nicate with the display generator.

COMPUTER CRAFHICE and
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I, Tnput Devic

The discussion thus far has been about a one-
way device; information is received from the
computer, converted in the display generator and
presented as a graphic image on the CRT. However,
one of the basic reascns for the increasing accep-
tance of CRT graphic terminals is the availability
of an operator channel from the display back to
the computer. The operator can converse with the
computer on-line and in real-time, using input
devices such as a light pen, joy stick, track ball,
graphic tablet, mouse, and function keys.

Light Pep - A commonly used communication
device is the light pen. This i1s simply a
photosensitive device which detects the pre-
sence of light on the screen., The pen may
use a photodiode or phototransistor as the
light sensitive element, or it may use a
fibre optics bundle to pipe the light to a
photo multiplier.

If the display does not use a storage tube,
the events which occur on the screen cccur in
time sequence (even thoush to the eye they ap-
pear to be gccurring simultanscusly).

& light pen peinted at the screen will de-
tect light at a discrete time and generate

a computer interrupt at that time, It is
genarally a function of the computer soft-
wara to decide what to do about the interrupt,
Since the interrupt is a time dependent func-
tion, normal light pen operation is not pos-
2ible with a storage tubs because the time
reference is lost,

The light pen can be used either in a point-
ing mode or a drawing mode, That is, it can
be used to point at information which already
appears on the screen or to designate a loca-
tion at which information is bto appear; or it
could be used te enter information directly.

Because the light pen only responds to dis-
played information, some kind of symbol must
appaar wherever a light pen sigral is desirved,
For example, if one wishes to use the light
pen to draw a line, a tracking symbol must
First be generated, generally by software.
With seftware, the tracking symbol is mads
to follow the pen as it moves across the
screen, The operator, by activating the ap-
propriate function keys, can designate what
action the system is to take as a result of
the light pen motion; i.e., draw a series ol
dots along the light pen path, or connect a
straight line between the starting position
and the present light pen position.

Joy Stick, Track Ball, Mouse - There are

other devices which can indicate locations

ot the scrsen indepandent of time and there-
fore can bz used with storage screensz. These
ara units which allow the operator to mechani-
cally control twoe orthogonal analog-to-digital
converters.,

The cutput of the converters are sensed, and

a spobt appears on the screen at the location
determined by these positions. It is gener-
ally a software function to compare the dot
position generated by the device with computer
generated data,
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FIGURE 9 - Graphic Terminal
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Graphic Tablet - Another operator input device
iz Lhe graphic tablet. In one form, a graphic
tablet is an electronic unit which consists of
a rectangular grid of 1026 by 1024 lines, These
lines arc pulsed and signals are Induced in a
stylus removed by Lhe cperator. The location
of the stylus relative Lo the tablet is deter-
mined by decoding the signals, A& spet or line
corresponding to the stylus position can be
made to appear on the screen. Graphic tablets
using acoustic techniques are also available,

Reyboards - Several kinds of keyboards are
often used with CRT graphic terminals. An al-
phanumeric keyboard allows the operator te
compose messagmes or make inquiries, TFunctien
keys permit the operator to make coded in-
quiries or to establish operating modes. Some
functicn keyboards use coded, changeabls over-
lays sc that the meaning of the function keys
can be changed by the operator,

Touch Sensitive - Recently, several touch sen-
sitive panels, using LED's, capacitance, and
acoustic standing waves have been introduced,
{Figure 9 is a detailed block diagram of a
typical CRT graphic terminzl, above.)

s Data Organization

Before leaving this genersl discussion of CRT
graphic terminals, it will be of interest to exa-
mine in scme debail how the compubter data word can
be uszed to program a picture.

There are several ways in which the computer
word can be organized, These depend on how large
the data word is and on how complex the display
generator is.
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The data word may be completely sell-contained,
with =ach word containing information about the
mode of operation {(character writing, line drawing,
and position). Figure 104 is an example of this or-
ganization.

More often, two types of words are used. One
type is a contrel word, which establishes the mode
and sets some parameters (such as, intensity and
line structure} for the succeeding data words
which contain locations or characters. ALl suc—
ceeding words are interpreted as the same kind of
data words until a new control word is encountered,
A typical example of this kind of data organiza-
tion is given in Figure 10B. (See page 23 for these
fimures.)

PERFORMANCE CHARACTERISTICS OF COMMERCIALLY
AVATLABLE EQUIPMENT

Over the past few years a number of CRT ter-
minals have become commercially available. Before
reviewing the general characteristics of graphic
terminals, it is helpful to see how these fit into
the spectrum of computer driven CRT displays.

There are basically three types of display
systems:

Point Plotting
Alphanumeric
Graphic

Bach type of display system can be divided in-
two three broad categories:

low cost/low performance
medium cost/medium performance
high cost/high performance
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11 - off 10 - small, subocript H
TYPE w 00 - Poaition 1l = omall, no offoot .
¢1 - Positlon, Wrlite Dot HAR = 00 = NP
10 - daoh 0l - set margin
11 - solid 10 - return to margin
11 = roturn to margin and
lina food
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Refresh/Random
TV/53can Converter
TV Digital

Flazma

TV (Digital)

Storape Tube

liefrash/Random

= Refresh/Random

- TW/Digital : - oM

F

- Refresh/Handom

{(Intelligent Terminal)

[Graphic Computer Output

on Microfilm)

- COH
(Line

Frinter Mode)

Input from
1im, Film
Scanners)

HEDIUM

Fa

COMMERCTALLY AVAILABLE

FIGURE 11

IMote: Above, compare prics

Figure 11 illustrates these divi ns,  Alsc
shown in Figure 11 is indicalion of the baszic char-
acteristics of commercially available equipment
the approximate price. The price divisions are
rather arbitrary and are intended only Lo show the
range for each device.

A5 can be inferred [rom earlier discussions,

g ¢ CRT terminal is a conglomerate of devices,
each of which has a range of characteriztics which
can affect the performance and ussability of Lhe
terminal, For convenience, the varlous laclors
which contribute to the effectiveness of the ter-
minal can be grouped into threoe cate

ories:

1. Those which affect the daba contenl --
that is, how much information can be
displayed simultanecusly without [lic-
karing objectionally and with the
phic symbols large enough to be e
read, or when small, to be easily dis-
tinguishable,

2. Those which aflect the quality of the
display--that is, how the display looks
agathebically to the obaerver,

3. Those which affect the ease of use == both
Trom a human standpoint and from a systems
programming standpeint.

Characteristics which alfect esach of these
categories are discussed in this section., Where
appropriate;, typical ranges lor commercially avail-
able equipment are given.

and gapacities in CHTs.)

A, Data Content

The amount of data which can be displayed =i-
mulbansously without appearing o flicker iz af-
fected by the following:

Frame Rate - The more Lime that can be taken
to write a frame of dabta, the more data can

be displayed per frame. In the limiting

case, using a phosphor with indefinitely long
storage, bhe amount of informabion which can

be diéplay simultancously will depend only
upon the resolution of the CRT.

However, in the more Lypical ¢
phosphor retains the imarme for times rar
frrom L USEC So 100 M3, The eye needs Lo
have an image without any persiztence re-
peated 35-40 tin second before suc-
cassive images o ithout Plickering. As
the persisLence image increases, the
number of Limes it needs to be repeated de-
creases.  Typi phosphors uszad in CRT ter-
minals produce displays Lhat need to be re-
rreshad Trom 10 Crames/second (with a long
arsistent phosphor such as the J, or L3) to
40 Crames/sscond Cor the medium-short per-
sistent phosphors such as the P4 and P31,

Bacause less persistent phosphors tend to be
more efficient, and more resistant to damage,
mast manufacturers prefer to use them in

their terminals. Therefore, all Trame-Cime
denendent values -- and references te Flicker-
free presentations -- in the following discus-
sions are based on a 40 cycle frame rate (or
25 M5 frame interval),
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Heep in mind, however, that the data content
can ba increased in direct proportiocn to frame
interval., TFor example, if a2 flicker-free data
content of 250 points is quoted, it i= under-
stood that the calculaticns are based on 25 MS
frame intervals. If, in a particular system,
with a particular phosphor, a frame interval
of 100 M3 (frame rate=10/second) were accep-
table, the number of points could be increased
to 1000,

Incidentally, "flicker-Tree" data content cal-
culations are based on random positioning sys-
tems. Data content on TV systems is nobt li-
mited by function generator times but by
resolution, and memory capacity.

Deflection Amplifier Regponss - A primary
paramster of a CRT display is the spesd with
which the beam can be positioned. In random
positioned systems, the beam can be moved
anywhere on the screen in times ranging from
3 USEC to 100 DSEC. Therefore, the number aof
random dots which could be displayed, flicker-
free, ranges from 250 to 8300.

If the data can be properly formatted, it may
be possible to organize the information so
that full scresn random positioning is not re-
quired., Under these circumstances, the small
angle positioning time of the deflection am-
plifier is critical. In commercially avail-
able equipment, this ranges from 1 USEC to 10
USEC. Therefore, the number of dots which can
be displayed fliclker-free ranges from 2500 to
25,000,

Hote that these factors are based on the as-
sumption that the sysbem uses random posi-
tioning. There are systems, however, which
use a raster scan similar to that used in a
conventional televisicon set. Such systems
require complete formatting of the data,
Howaver, by doing so, as many as 1,000,000
dots can be displayed flicker-Cree, compared
to a maximum of 25,000 dots in a random po-
sitioning system.

Deflection amplifier response alsc becomes
less critical with storage tube displays,
since the image needs to be written only
cnee, and doss not have to be rewritten. De-
flection amplifier response is related more
directly to the maximum speed with which a
line can be drawn and stored -- which is
about 5000"/zecond.

A second, wide bandwidth, small angle deflec-
tion channel with bandwidth ranging from DC
bo 10 MC, is also included in scome terminals
in a single channel, Alternately, there are
never deflection amplifier designs which
cembine fast random position with wide band-
width small angle deflecticn.

Character Writing Time - Character genera-
Lors available in commercially available re-
fresh terminals, write a character in times
ranging from 2 USEC to 100 USEC. To these
times must be added the peositioning time
{ranging from 3 USEC te 100 USEC random or

1 USEC to 10 USEC, small angle}. Therefore,
the number of random characters that can be
displayed flicker-free ranges from 125 to
5000, and the number of formatted characker
(text) that can be displayed flicker-Iree
ranges from 220 to 8300, As a comparison,

a typical double spaced typewritten page con-
tains about 2500 characters.

Digital TV character generators ranse fram
about 40 USEC to 800 USEC per character, while
storage tube character gensraters use about
400 USEC.

Line Drawing Time - Two types of vector (line)
genarators are offered in commercial available
equipment. One type requires a fixed time to
draw a line regardless of line length, while
the cther requires a time proportional to line
length. Typical fixed time vector generators
require rom 30 to 150 USEC to draw lines up
%0 full screen size, while the proporticnal
vector generators have line drawing speeds
ranging Trom 0.5 USEC per inch to 150 USEQ

per inch., This means that the fixed time wvec-
tor generators can draw betwsen 160 and 830
flicker-fres line segments per frame, Depend-
ing on CRT screen size, this can represent up
to 16,000 inches of lipne. Proporticnal vector
generators in a refresh system can draw from
160 to 50,000 inches of [licker-free line per
frame.

Digital TV line generators take about 1 M3EC/
in., while storage tube line generators drau
at about 200 USEC/in.

Circle Drawing Time - Hardware circle penera-
tors available with terminsls can generally
draw any size circle in from 100 USEC to 200
USEC, This means that from 83 circles to 250
circles can be displaved flicker-fres,

Logic Time - In addition to the actual time
required to deflect a beam asnd write the
various funchtions, the legic in the display
Fenerater, the logic ol the computer, and

the memory cycle time will affect the amount
of data which can be displayed. TFor example,
the word organization of the terminal may re-
quire that the generation ol each graphic sle-
ment be controlled by several data words,
Flapsed time [rom the display's request lor a
data word and the terminal's set-up iz in the
order off 1 to &4 USEC, If 1000 data words

wera required per frame (a fypical value), and
betwean 1 and 4 USEC ware consumed in data
transfer and logic set-up, 4% to 16% of the
frame time is consumed and the data content
would be reduced by that amount,

Besolution - Resolution determines such things
as the smallest readable character that can be
displayed, and the minimum spacing that can

be discerned between lines. Basically, CRT
beam spot size determines resclution, In
commercially available terminals, the nowinal
spot will range from 01" diameber to ,030
diameter., However, spot size might vary by

a factor of 3:;1 (on the same terminal) he—
cause of the beam intensity and spot position
on the screesn [(better in the center, poorer

at Lhe edges). Some terminals use dynamic
fecusing technigues to keep the spot size ra-
latively constant aver the display area.

For purpeses of comparizen, the range from 30
lines per inch {.03" diameter spob) to 100

linez per inch (,01" diameter spot} will be

uzed, To read a character with minimum chanco
ef error, it is menerally agrecd that at least
Five and preferably seven lines of resoluticn
per character ars needed. Two more lines are

COMPUTER GRAPHICS and ART for May, 1977 25



can he increased Ln diree: prooortion to frame 1 ¤¤l¤S ¤¤<>¤L 2500 Ch-¤f¤¤L¤r‘S·
with a pertizutar phosphor, a frame interval E MDD USED.  
i equipment. 0ne type requires a fixed time to
lneldentally, hrlieter-frae·· data content tale 5 draw a line regardless or line length, mxnle {
{ edlations are based on random positioning sys- : the other requires a time proportional to line  
tems. Data tontrnt on TV systems is not lie E length. Typical fixed time veetor generators {
; vector senarstors have line drawing speeds {
Deflection Amplifier Response - A primary Z ranging fram 0.5 USEIC per inen to 150 Usirc {
positioned systems, the beam oan be moved Z Flicker-free line segments uer frame, Depende
random dots which oould oe displayed, flicker- Z generators in a refresh syatem een uran from
oe possible to organize the inforumtion so Q Digital Tv line generators take about 1 r-1SEE/ ‘
angle positioning time or the deflection ama X
use a raster sean slnllar to that used in a { generaeer, the logii of the eonputer, and ~
to a maxlmdm of 25,000 dots in a random pe- E ment ne eontrnlled by several data nordt.
Deflection ampllfler response atso peeomes E arder of 1 to t USEL. if 1000 data word:
onee, and does not have to oe rewritten. De- E transfer and lagic set-na, 14% to low of the
neetion amplifier response is related more 5 frame time ls tonenmrn ann whe nat; content  
line can pe drawn and stored .— which is E {
ahout 5000**/second. f Resolution — Resolution determines suen things
tion channel with bandwidth ranging from Dc Q be discerned between lives. Basically, CRT {
newer deflection amplifier designs whleh E snot will range from .0t** diameter te ,03** {
ranging from 2 USEIC ta l0¤ USEC. To these Q letively constant ever the dlzpliy own.
times mnst he added the positioning time ; {
l ism: to 10 HSBC, small angle!. Therefore, E lines per inon *,0R** diamatcr opoty to l<0
the ndmner oi random eharaeters that tan oe { lines per inch {{01** diameter spot) vill ng {
5000, and the number of formatted oharaeter E of error, it is generally igreed tha: at lensn
{textl that can oe dasployed rliower-free Q rite and prefer-only sever lates or resoldtsen `
 




needed in the space between characters. There-
fore, assuming that a typical character and
its space needs nine rescolution lines, the
character density with a 30 line/inch resc-
lution display is approximately 3 characiers
per inch and with 100 line/inch resclution,

it is approximately 1l characters per inch.

For comparison, a pica typewriter spaces cha-
racters 10 per inch, and an elite typewriter
spaces characters 12 per inch.

Addressability is sometimes conlused with
rasolution. Addressability is a statement
of how many digital positions can be pro-
grammed {but not necessarily distinguished)
along each axis, Typlcal terminals cffer 9
bit (512) or 10 bit (1024} addressable loca-
tions, The term "raster unit" is often used
to deseribe an element of addressability,

Screen Size - Screen size affects data con-
tent primarily from the standpoint of reso-
lution., CRTs used in commercial terminals
penerally range from 16" round te 24" round,
with available display areas of from 10" x 10"
to 16" % 168", Therefore, the number of read-
able characters per line can range from 30

[10 inch line of a resolution of 30 lines

per inch) to 176 {16 inch line with a reso-
lution of 100 lines per inch).

Inexpensive graphic storage tube Lerminals
withh 6" ¥ 8" display areas are alse available.

Overlays - Static information can be super-
imposed on the beam written data by project-
ing pictures (slides] through an optical
port in the CRT, Typical systems can se-
lect from among 25-150 slides.

B. Ouality

Several factors affect the image gquality.

Some of these factors may also aflfect data content,
23 indicated in the followlng discussicn.

L

Accuracy {Linearity} - Accuracy describes
how the programmed position of the beam cor-
responds to some external relference. For
example, if a grid were scribed in the face
of the CRT and the beam were programmed wWith
a dipital instruction which should cause the
beam to fall at a grid line intersection,
the variance between the beam position and
the intersection is the accuracy., Commer-
cially available systems have accuracies
ranging from 1% to 5% of full =zcale, Ge-
nerally, pictures drawn with this accuracy
are quite acceptable to the observer, nro-
yvided there is no attempt to superimpose

the electronic image with a mechanical re-
farence, The presence of the mechanical re-
farence will emphasize the nonlinearity or
inaccuracy of the display. For comparison,
the nenlinearity of a well-adjusted home
television set is about 10% bto 15%.

Short=Time Stability - Short-time stability
of the image will affect the obzerver's re-
action to it. Small movements of the graphic
element, called jitter, can be quite abjec-
tionable when it cccurs at low frequencies
[less than 10 cps), Jitter resulbts mainly
from a beat between the frame rate and the

s amEERELssesssssenanana TNy

power line frequency lor submiltiple [re-
quency). In an adequately shielded btermi-
nal, the jitter is about 0.% to L spot —
but even this value can be disturbing to the
user.

Two metheds are used fo reduce or eliminate
the apparent jitter. One is Lo maiotain the
frame rate al such a value that the bean fro-
guency is relatively high -- typically 20 cps.
Although jitter may still be present, the
graphic element is meving so fast Chat, Yo
Lthe observer, tho line or dob simply thickens
a bit, - Hence, the rescluiion is alTectod,
but the image appears stationary., This toch-
nigue is especially successful when used with
longer persistenlt phosphors,

Alternabely, since the jitter most Preguently
comes [rom stray magnetic fields, bhe display
frame rate can be locked to the line reguen-
ey and the jitter esszentially eliminated.

RcEeutagiééki = When the beam 1z programmed Lo
the same locabion from various places on bhe
screen, the successive dots will probably not
be superimposed. The spread, called repoata-
bility, may range from 1 spot sice to 10 spot
sizes., In commercially available equipment
this effect may be particularly disturbing
when varicus line segnents arc programmed to
start from the same point, but, because of
repeatability, they do not.

Brightness and Contrast - I the Jdisplay is ©
be used in a normally lighted room, 10 is im-
portant that the presentation be bright o
have a high contrast ratio, Typical termi-
nals produce 20 feot-candle to 50 Toot-candle
presentations,  Shorter perasistent phasphors,
such asz the P4 and P31 de produce bright,
cazily read displays, but these phosphors re-
guire relatively high frame rates to reduce
flicker, Longer persistent phosphors such as
P19, P23, and L3 reduce the Prame rate re-
quiremants at the cxpense of brightness,
Therefore, displays using longer persistent
phosphors or storage phosphors may require
subdued room illumination, Contrast can be
enhanced with neutral density filters. Al-
though these filters reduce total brightness,
they do increase contrast and enhance the
readability of the display.

Storage tube terminals have significantly
lower brightness, in the order of 95 foob-
candles,

Phasphar Color - Phosphors are avallable
which produce white, green, yellow, blue,
and red outpuis (and shades inbetween). The
shorter persistent phosphors are generally
in the white, green and blue range; while
the longer persistent phosphors are in the
orange, yellow range,

The eye is most sensitive in the green region,
30 that with equal light output, displays
with a green image appear brighter. This is
one reascen why the P31 phosphor is used in
many terminals,

Graphic Symbeol Construction - Graphlc ele-
ments can be consbrocted in a variety of
ways —— zome of which enhance the quality
of the display, and others which tend to
detract from it, TFor example, characters
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formed from a 5 x T dot format may be read-
able but not assthetically satisfying. Other
graphic elements constructed from a series of
dots may be readable, but not pleasing.

Stroke characters usually produce acceptable
quality formats, The beam forming and non-
scope technigues permit a wide range of
character formats, with few limits on cha-
racter style. Higher resolution dot formats,
typically 16 x 16, are also capable of pro=-
ducing excellent quality symbols.

There are two categories discusszed in this
section -- those which are based en human factor
censiderations, and those which are based on pro-
gramming consideraticns.

Human Factors - Screen angles range from ap-
proximately 10° from the vertical, to hori-
zontal, GCenerally this is fixed, although at
least one commercially available unit has a
tiltable head,

A variety of light pen configurations are
available ranging from 2 simple penholder
type to a gun type. Some pens are relative-
ly heavy while others are light weight. Some
use a very flexible cable and others have a
rather stiff cable or ceil cord. Aiming cir-
cles are provided with some light pens so
that the operator {or user) knows where the
sensitive area of the pen is pointed. fcti-
vating switches for the light pen range from
mechanical shutiers on the pen, electrical
switchesz on the pen, knee switches, and foot
pedal switches.

Other operator input devices are available on
various consoles, Alphanumeric keyboards

and function keys are used, Some function
keys use plastic overlays for additional cod-
ing. Track balls and joy asticks are pre-
Ferred by some users. The graphic tablet
provides an easy method for graphic input

and iz avallable as an accessory in several
systems. Some displays eliminate all me-
chanical input dsvices and allow the user

to get a response by simply peinting with

his finger at something on the screen.

Operator controls on commercially available
terminals range from having only an on-off
power switch to providing manual adjustments
for various display parameters,

Servicing facilities incorporated in terminals
range from & logic card extender to elaborate
maintenance panels, which include registep
lights and test pattern generatars.

Terminal packaging ranges from multiple cabi-
net configurations, with the display console
separated from the display generator, to re-
latively large integrated units which occu-
py 10-15 =quare feet of floor space, and are
-5 feet high.

Syatems Pragranming_— The display comnand

FaraTaEdEdatETatEdR b et r AN Nt

arsEsBEEdEERE

your zpplication,

gquired to define a graphic element. In con-
trast, the word organization currently fa-
vored-{Figure 10B)establishes a mode of oper-
ation with one word, and then uses a series
of succeeding data words to program identical
kinds of graphic elements.

Figure 10B also illustrates a word organiza-
tion which includes computer-type instruc—
tions such as JUMP and JUMP AND SAVE. Some
graphic terminals are designed sa that mare
than one display console can be driven from

2 common display generator. These other con-
soles may be slaved (and have identical in—
formation) or they may have different infor-
mation. Such displays may be photographed or
used Lo produce wall size picturss or imme-
diate hard copy.

More freguently now, systems are supplied with
extensive software which eliminates bit lavel
(binary) or assembly level programming.

SUMMARY

This section has discussed the characteristics
of commercially available terminazls frem an equip-
ment viewpoint -- not from an applications view-
point, One can list a number of current and po=-
tential applications for CHT graphic terminals,
but the data which describes terminzl requirements
in terms of these applications is scarce. For ex—
ample, the line drawing needs of a terminal used
by ¢ivil engineers for cut-and-fill analysis may
be quite different from an engineer using the ter-
minal to design integrated circuit masks.

For an applicaticns approach to terminal se-
lection, see "Interactive CRT Terminal Selection™
by the author, A7/

GML, in their "Computer Display Revisw", for-
milated several typical presentaticns: schemalic
diagram, floor plan, and weather map, and using
terminal manufacturer's supplied performance spe-
cifications, analyzed how long each terminal would
take to write the display.

Generally, the terminal user considers his
data {applications) content requirsments proprie-
tary, and seldom publishes his findings,

4., TYPICAL TRADE-OFF DECISIONS

In this section, I will discuss some of the
choices you will have to make in configuring =
terminal. These will be technically based deci-
sions. OUther trade-offs, such as the reputation
of the manufacturer, the personality of the sales—
man, the availability of lease vs. purchase, and
the availability of software, will enter into your
final decision -- but thess considerations are
"beyond the scope of this paper".

Here are some of the btrade-off decisicns with
which you will be faced in cheoosing a terminal For
The "your application" iz in-
tentionally underlined —— because it is unlikely
that any one terminal will be the best for all an-
plicatlons. HMany questions will be raised, and
few answers will be found in the following discus-

- - . . sion. My intent is to raise some caution [lags]
structure influences system programming. Com- i
mon bypes of command structures are shown in :
Figure 104, In one approach, each data word : A, Cost vs. Performance
is completely self-contained and has a mode :
instruction and sll other information re- Barlier it waz emphasized that performance
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and capsbility
lated to cost.

are generally (but net always} re--
Higher performance units -- more
data capacity, better quality charackers, greater
varsabllity -- generally cost more, Therelore,
where the budget is limited, it is important to
carefully consider what performance your applica-
tion actually requires -- and then choose a btermi-
nal which provides encugh {with some safety fac-
tor and provision for growth), but not signifi-
cantly more than you need.

Hotice that most of the other trade-offs dis-
cussed in this section carries some cost implica-
tions,

B. Hardware vs, Software

"Hardware va, software" trade-off is not an
easy decision to make, The kind of application, the
capability of the driving computer, the number of
identical systems in related facilities, display da-
ta content, are all Tactors which enter into the de-
cision, Where hardware funds are limited, where
display data centent is low, when the capabilikty of
the driving computer is not being pushed, where
there are many identical systems in related areas,
the terdency is to use more software and less hard-
ware,

C. Raster vs. Random vs. Storage

One of the high cost items in CRT graphic ter-
minal systems is the display itself. This 1s es-
pecially true where several displays are driven
from a common display generator, Generally, the
display used in a raster system is significantly
less expensive than one needed in a random system.
This difference cccurs because raster displays can
use TV like technigues which are (1] inherently
less expensive technically, and (2) acceptable to
commercial TV monitors which are produced in sub-
stantial qualities, and therefore are less expen-
siva.

However, the use of a raster system may have
several cther drawbacks. The user may not find the
appearance of a raster display as pleasing as cne
made from continuous lines. Programming a raster
system imposes burdens. Primary data is generally
defined by specific lecations on the screen, For
example, a line may be def'ined by two end points,
#1711 and Xa¥z, In a random positioning system,
the beam is simply programmed to move bebween these
points. In a raster system, the end point defi-
nition must be converted into a different (time-
dependent} coerdinate system -- and the conversion
must generally be done in the central computer
(another aspect of the hardware vs, software trade-
off). Communication from the display to the compu-
ter via light pen is alsc complicated in a raster
system.

For the past few years, storage tube displays
have been the most popular choice -- unlimited data
without flicker, lowest cost, excellent resolution.
However, storage tube systems suffer from low
brightness {or value contrast), no gray level, no
color capability, and no selective erase (except
in the non-store, write through medes).

D, Refrash from Center Compubter vs,
Display Buffer

Including a buffer in the display increases
the cost of the terminal. In some applications --
for example where the terminal is located more than
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2000 feet from the centtal computer, it is not prac-
tical to use a high data rate communication line) —-
the display must have a buffer, However, in many
cases, the display could be refreshed directly from
the central computer, Generally, central computers
with data break, direct memory access, cr overlap
control facilities, are better suited to peirash
displays. If the application does not requirs a
subatantial amount of processing time In the cen-
tral computer, it may be practical to also reflresn
the display frem the computer.

fAvailability of truly low cost general pur-
pose compulers {where the computszr cost 1s nob
greatly different than a wired core memory) fur-
ther complicates {or increasss) Lhe choice,. Encugh
advantage may be obtained by allocating certain
housekesping functions (display reflresh, light
pan bLraclking, editing, coordinate tranzsformation)
Lo the small computer-used-as=display=-buflflTer, Lo
favor the use of the small computer where an or-
dinary buffer would not generally be usead,

E. Hizmh Refresh Rate ws. Phosphor Storage

If storame phosphors are available, why use a
high refresh rate at all? Here are several reasons,
Generally, the storage phosphors are nob as bright,
or as efficient. Also, most storage phosphors ars
"soft"™ in the sense that they can be burned easily,
It is virtually impossible to protect a storage
phosphor against seme condition which may damape

it.

When rapidly moving data is presanted, Lhe
storage phosphors will tend to show a ameared pic-
ture, Time-dependent communication Letwsen the
display and the computer may be impaired because
of the stored image. TFor example, it may nob be
posszible to use & light pen with a2 storage phos-
phor,

Howewver, the new low cozb graphic terminals do
generally use storage phosphors as the key element
in reducing cost,

I'v HMechanical Eeyboards va. Light Pen

Soma kind of keyboard is needed with most
graphic terminals in order Lo transmit the cpera-=
tor's command to the computer, Thess commands may
call up new information, changs data, or put the
system in a dilfferent mode,

The light pen in conjuncbion with displayed
information, can be used for this type of communi-
cation, Why, then, add any mechanical keyboards?
Many users [ind kthat totzl light pen command is
not efficient -- for sxample, when the sysbem is
being used for computer-alded design. Here, the
user would be required to conbtinuously move the
pen between the command kevboard and the drawing
area, By having a mechanical function keybcard,
the user can work the buttonzs with cne hand and
the light pen with the other,

Message composition is somewhat esasier using
an alphanumeric keyboard rather than a light pen
in conjunction with a displayed alphabet.

With the prowth of steorage tube displays, the
graphic tablet has become very common, providing
ease of menu selection, digitizing, and free-hand
drawing.

R R R R R R T T I I
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5. Monochromatic va, Color .

Color television iz here -- why not coler CRT .
graphic terminals?

Hhy not, indeed? There are some applications B
where color would be most helpful. Using the dis-
play to design integrated circuit masks, or mul- !
tilevel printed eircuit boardsz, for example. There :
are many cther applications where color probably
would not offer enough to justify the cost or lower
performance.,

Generally, the manufacturer must use a commer-
cially available color mask CRT -- the same one be-
ing used in home color TV sets, Tube constructlon
limite the resolution, The smallest character size,
for example, would be about L" high {compared to
3/32" in a readily available conventional monochro-
matic CRT). Technical problems wWith the convergence
cireuits (the circuils which allow the three prima-
ry colors to be combined to produce any other color,
including white) drastically increases line drawing :
time in random position systems {(from typically 1
UBEC/inch to 100 USEC/inch}. Howewver, with the
growth of digital TV, color mask systems are becon-
ing very common.
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Recently, a color CHRT based on an entirely new
principle, has been intreduced. In effect, the CRT
uses two phosphers which respond differently as a
function of CHRT anode potentlal, Adequate colors
in the red, orange, and green range are produced
and the tube has potentizlly higher resolution than :
does Lhe conventiconal color mask CRT. 2

T

B. Light Pens vs, Joy Stick vs, Data Tabletb

This trade-off decision follows the same kind
of consideralion as mechanical keyboard vs. light
pen vs. graphic tablet. That is, the choice de-
pends on application -- and in many cases, it's de-
sirable to use all three. In practice, the light
pen is almost always used, supplemented in some
cases with the other devices.
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7. Oraphic Terminal wvs. Scmething Else
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I suppose it is a little late to raise this
one —— because this is probably the first decision
you will be called upon to make. After all, there
are other computer input-ocutput devices -- many
much less expensive than a CRT graphic terminall

Keyboards, printers, pletters, CRT alphanu-
meric inguiry stations are available. Generally, :
the CRT graphic terminzal can be justified:

1. Where "quick-look" Ffast graphic output E
iz needed, as in some types of pattern :
recognition problems. i

2. Where rapid dynamic graphic man-machine
comnunication is needed, as in compuber
aided design, on-line problam solving
and simulation.

TR IEET]

3. Where the user's understanding is en-
hanced and response time decreased by
a graphic representation, as in manage-
ment information and command and control
systems.

&, Vhere you're not sure, but you have a
budget which will let you find out!

COMPUTER GRAPHICS and

ﬁ

SUMMARY

1t is hoped that this in-depth discussion of
CRT display systems will be of benefit to readers
and to pecple who are contemplating the purchase
of visual displays -- but who are not experts in
this area, Again, a thorough study of the advan-
tages and specific capacities ol each system 1s ne-
cessary to discern the cone that will adequately
meet one's present and near-future needs.

As hardware becomes increasingly more alfford-
able, more users will extend their present systems
to include visual displays. The latter offer fast,
informative visualization of computed data that
printout systems cannot offer. Further, the active
digplay afforded by CRTs attracts and holds the
user's attention in ways that static plotter sys-
Lems do not.

In the near future, the use of display systems
will be so common that we will question how we
lived without them =- for man is, after all, & very
visually oriented creature,
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THE STATE OF THE ART OF COMPUTER GRAPHICS AND ART

COMPUTER GRAPHICS and ART is a new Iinternational
gquarterly of interdisciplinary graphics for graphicg
people and computer artists. COMPUTER CRAPATCS and
ART is now in Volume Two of publication,

This periodical is aimed at students, teachers,
people from undergraduate institutions, researchers,
and individuals working professionally in graphics.
Its topical coverage is broad, embracing a varietfy
of Ffields. It is useful, informative, and current.

COMPUTER GRAPHICS and ART aims at close collabora-
tion with readers and writers, to help advance the
gtate of the art of computer graphics, CG&A aims
at hbalance - publishing materials from diversze
fields, presenting in cach issue well-developed
articles that are informative and well-referenced,
Graphic illustrations are used generously through-
out each presentation, and illustrations are di-
rectly related to each paper and article.

ons of the most

uter magazines avail-
Fformat have received
From international figures In computs Gra=-
. It publishes more computer art than any
ther computer periocdical, of internaticnal guality,
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voeonler by Waldemar Cordeiro, Saop Paulo.,
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COMPUTER GRAPHICS AND ART

Each issue of COMPUTER GRAPHICS and ART con-
tains important and significant articles related to
diverse fields in computer graphics and art. Each
issue aims at balance of materials, affording in-
teresting reading on many topics. Here are some
samples:

COMPFUTERS AND EDUCATION

"Learning through Graphics¥ by Dr. Al Bork, Univer-
sity of California, Irvine

"Computer Graphics at the University of Munich,
West Germany" by Professor Reiner Schnesberger,
University of Munich, West Germany

"Some Line Drawings of Neuroanatomical Structures®
by Dr, Joseph Capowski, Univaersity of Worth
Carclina, Chapel Hill, N. C.

"The Physics Development Project® by Dr. Al Bork,
University of Califcornia, Irvine

"Computer Graphics and High School Bducation® by
Dr. Kai Chu, Mt, Diablo High School, Concord,
California

"higital Plotters - A Look at the Future® by
Professor Erich Teicholz, Harvard University,
Cambridge, Mass.

YCRT Graphic Terminals* by Carl Machover, President,
Machover Associates Corporation, White Plains,
New York

"A Perscnal FPhilosophy of Ideas, New Hardware,
C) ¥
and the Results" by Duane Palyka, University
of Utah, Salt Lake City, Utah

"Computer Displays Optically Superimposed on Input
Deviges" by Dr. Kenneth C. Knowilton, Bell
Laboratories, Murray Hill, New Jersey
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GENERAL ARTICLES

"Graphics Applications in the Environment" by
the Groupe Couleur de Belfort, France

"Computer Graphics and You" by Jackie Potts, Social
Security Administration, Baltimore, Maryland

"SIGGRAPH '77 - Definitive Program Listing of
Speakers and Topics®

"Graphic Technology and the Display of Spatial
Data™ by Professor Erich Teicholz, Harvard
University, Cambridge, Mass.

The Potential of Computer Art in the Textile
Industiy™ by Professor Grace C. Hertlein,
California State University, Chico, California

....................................................... TR Y

CARTOGRAPHY , GRAPHING

"flotmap - Computer Representation of Geographic
Data” by Llogd Onvett, Geography Department,
California State Univ,, Chico, california

"From Stylus to Light Pen: Techpology and Innov-
ation in the Development of Ouantitative
Graphics" by James R, Bepiger, Survey Research
Center, University of California, Berkeley,

"Computer-assisted Graph-daking™ by Elaine Mowichols,
Departiment of Computer Sciepnce, California State
University, Chico

SOFTWARE

Y"Expanding the Graphics Compatibility System to
Three Dimensicns" by Richard F. Puk, Purdue
University, Lafayette, Indiana

"How to Build Fuzzy Visual Symbols" by Alex
Makarovitsch, Honeywell Bull, Paris, France

"Engineering Applications in the Degign of
Buildings®™ by Kerry Jones, Amsrican Build-
ings Company, Bufaula, Alabama

"Inexpensive Craphics from a Storage Tube® hy Dr,
Charles J. Fritchie and Dr, Robert H. Morriss,
Tulane University, New Orleans, Louisiana

"Digital Computer-Based Sculpture Composed of
Coloured Elements" by Professor Lawrence J,
Mazlack, University of Guelph, Ontario,
Canada

"A Computer System to Generate Weave Structures®
by Professor W. ©. Wolfgany, Philadelphia
College of Textiles and Scilence, Philadelphia,
Penna.

T ShcksrararararEEaEaraNann

PHILOSOPHY = ART

“Art of the Technical World" by Dr, Herbert Franke,
Munich, Germany

"Mathematics in Art and Computer Craphics" by
Dr, Jean Bevis, Gecrgla State University,
Atlanta, Georgia

"Graphicg Applications: Paintings" by Roger Cogart,
EBruxclles, Belgium

"An Art Chairman's Flashbacks"™ by Jackie Potts,
Social Security Administration, Baltimore,
Maryland

"The Programming Choreographer” by Analivia Cordeiro,
Sao Paulo, Brazil

YRE:VIEWING" by Professor Charles Glassmire, Robert
Morris College, Coracpolis, Penna.

"Diamopnd Theory" by Steven H. Cullinane, Jamestown,
New York

"An Investigation of Criteria for Evaluating
Computer Art! by Dr. Thomas E. Lipehan, Ohio
State University, Columbus, Chio

T"NCC 76 Art Exhibition, New York City - Preview,
Comments by: Manuel Barbadillo (Spain);
Hiroshi RKawano (Japan); Kenneth Koowlton
{U5A); Manfred Mohr (France); Georg Nees
fGermany); John Roy (USA); Zdenek Sykora
(Czechoslovakial; Roger Vilder (Canada);
and Bdward Zajec (Ttaly).

EDITORTALS by Grace C. Hertlein

TR TR LI -

"To Measure, to Quantify, to Knows"
"The Potential of Computer GCraphics Applications®™
"A Call for Graphics Curricula”

"Computer Graphics, A Varied Tool:
Levels of Graphics Use'

Analysis of

MISCELLANEQUS

Book Reviews

Poetry

AMnouncemsnts

Special Offers: Illustrations, Graphics Biblic-
graphy, FORTRAN IV Art Manual

ART TLLUSTRATIONS
Over 100 illustrations have been published to date.
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IT'S RENEWAL TIME - CG&A GOES INTO VOLUME TWO

tor COMPUTER GRAPHICS and ART
Berkeley Enterprises, Inc. - Business Office
815 washington Street
Newtonville, Mass. 02160

(617 )332-5453

{ ) FPlease enter my PERSONAL (U.5. and Canada)
subscription to CFEA (S10 per year).

{ ) Please enter my FOREIGN PERSONAL subscription
to CG&A ($13 per year).

f ) Please enter my LIBRARY/DEFARTMENTAL sub-
goription to CF&A (§15 per year).

{f )} Enclosed is my PERSONAL CHECK AND/OR PURCHASE
ORDER for CG&A.

{ ) Enclosed is §2.50 for a SAMPLE COPY of CGeA
(applicable toward a subscription).

FULL REFUND IN 30 DAYS IF NOT SATISFACTORY

NAME

TITLE

ORGANIZAT ION

ADDRESS

HERE IS YOUR OQPPORTUNITY FOR FEEDBACK TGO U5:

{ ) I hope to submit for publication in CCG&A

material on the following topics:

{ ) I am imterssted in reading materials by the

following authors:

()} I am interested in coverage of the following

subjects:

{ ) I would like to receive materials cn other

Berkeley Enterprises, Inc, publications:

{ ) COMPUTERS and PEOPLE | } THE COMFUTER
DIRECTORY and BUYER'S QUIDE; | ) PEOFPLE and
THE PURSUIT OF TRUTH; | ) THE NOTEBOOK ON
COMMON SENSE and WISDOM: ) WHO'S WHO TN
DATA PROCESSING; | ) BOOKS

{ ) I am interested in institurional advertising

rates for universities and colleges. FPlease
send information,

f )} I am interested in advertising for my firm.

Please send business advertising information.

f ) Additional Comments (attach another papsr if

needead ) :

e e e

CONCLUSION OF SIGGRAPH '77 SPEAKER/TOFIC LISTING:
({See pages 14 and 15 for complete program.]
VICKERS, D+ L., "Moving, Computer-Cencrated
Images via Integral Holography, Lawrepce
Livermore Laboratory, P, O. Box 808,
Livermore, CA 94550,

WOLCGTT, Wo M., "A FORTRAN IV Program for
Enchanced Graphic Characters,” Admin- A=
234, National Bureau of Standards,
Washington, DC 20234,

WRIGHT, T., "Machine Independent Metacode
Translation," National Center for Atmos-
pheric Research, Box 3000, Boulder, CQ
80307 .

12, RASTER CRAPHICS — W. NEWMAN, Xerox Research,
2333 Coyote Hill RA., Palo Alto, CA 94304,

13. CRAPHICS RESEARCH - DAVE EVANS, Evans and
Sutherland Computer Corp. 589 Arapeen
Drive, Box 8700, Salt Lake City, Utah
84108,

14. GRAPHTC STANDARDS = BERTRAN HERZIOG, Computer
Center, University of Colorado, Boulder,
Colorado #0309 - ROBERT DUNN, United
States Army Electronics Command, Fort
Monmouth, New Jersey.

15. LOW COST COMPUTER GRAPHTCS - (No othesr infor-
mation other than the title is listed in
the tentative program,)

COMMENTS: The 15 sessions on varied aspects of
computer graphics reveal the complexity and di-
versity of this field. The addresses of speakers
have kean included, as information for those unable
to attend, whe may scan the program and sedlect
specific references that are useful. The Procesd-
ings of the conference are available - those In=
tarested are invited to write the Program Chalirman.
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AROVE: "Gaussian Distribution™ by Herry Jones, an engineer who enjoys computer art for fun. {See fAugust,
1976 iszue of CG&EA Tor  "Engineering fApplications in the Design of Buildings", pages 5=7 by Kerry Jones.)

BELGW: "Emerging Man" by James R. Warner, Univeraity of Colorado, Boulder, Colorade, alsc p, 34.
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2BovE: Ellipsoid* by Tony Martin, American Buildings Company, Bufaula, Alabama. ILike many
computer professionals, Tony Martin executes detailed, delicate, mathematically based compu-
rer oart as an avocation. (See the August, 1976 issue of Computers and People for more of his
work, and alsc graphics by his friend and colleague, Herry Jones, who works for the same Lirm.)

e "Gyrating Form* by James R. Warner, Coelorade University Computing Center, Colorado
University, soulder, Colorado.
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chelr work in O
" or very lIarge, monum
and civic groups, wherein the collaboration of the group
the citizens. Humanizatien of the urban and industrial enviror
of socially-oriented computer artists.
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