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GDITORWL
COMPUTER GRAPHICS, A VARIED TOOL: ANALYSIS OF LEVELS OF GRAPHIC USE

Many professionals (and would-be computer pro­
fessionals) seem 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 into 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 (and resultant ac­
complishments) are low level, 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 level, to solve useless 
and very trivial problems!

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

BACKGROUND

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, tedious, and imprecise 
work. Computer graphics in many applications can 
afford insights and techniques not obtainable 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 of 
graphics use, ranging from user-oriented systems 
to complex engineering software visualization.

A. USER-ORIENTED GRAPHING SYSTEMS

A banking clerk is introduced to a special 
user-oriented graphic system 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 easily 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 
of 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 more complex tasks are easily achieved 
with the aid of computer graphics.

B. USER-ORIENTED SYSTEMS PLUS MODIFICATIONS

A student geographer enrolls for an upper 
division class, in order to learn SYMAP from the 
Harvard Spatial 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 geographer

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 new routines. Here is another level.

C . INTERDISCIPLINARY STUDIES

A computer science major is studying compu­
ter art and is fascinated by medical patterns. Af­
ter doing a research paper on computer graphics in 
medicine, she decides to take more graphics courses 
and also to enroll as a pre-med minor. After ob­
taining a bachelor’s degree, she obtains a position 
in a large hospital and goes or: to take additional 
courses 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 enrolls 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 
applications. He writes packages for student en­
gineers, so 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 level.

SUMMARY

I once heard a remark from a scientist in a 
think tank, "Too many people are computing —  but 
they have absolutely 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 problems— 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 important issues, where 
results are important, and not the level of compu­
ter expertise. The computer is a useful tool for 
all kinds of nice people.

Berkeley, E. C. and Hertlein, G. C., 
"Computers" in Social Consequences of Engineering, 
H. Kardestuncer, Editor. Now York: Dun-Donnelley, 
1978,
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COfTlPUTER DISPLAYS OPTICALLY 
SUPERimPOSED ON INPUT DEVICES

by Dr. Kenneth C. Knowlton 
Bell Laboratories 
600 Mountain Avenue 
Murray Hill, New Jersey 07974

"A console o£ this design can serve alternately as 
a typewriter, computer terminal, text editor, telephone 
operator's console, 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 
flexibility of light buttons with the tactile and 
kinesthetic feel 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 
as a typewriter, computer terminal, text editor, 
telephone operator’s console, or computer-assisted 
instruction terminal. Each usage may have several 
modes of operation: training, verbose, abbrevia­
ted, and/or special-privilege. Switching from one 
mode or use to another is done by changing the soft­
ware rather than hardware; each program controls 
in its own way the momentary details of visibility, 
position, label, significance, and function of all 
buttons.

Several demonstrations are described, includ­
ing a prototype of a proposed Traffic Service Posi­
tion System (TSPS) console, and an interactive com­
puter terminal resembling a Picturephone ©  set with 
a Touch-Tone"pad. Also suggested are combinations 
of 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 device 3uch 
as a two-dimensional array of pushbuttons. /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.
A button set may thus "be" a typewriter, calcula­
tor, telephone operator's console, computer- 
assisted instruction terminal, or music keyboard.
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 a sense of close 
interaction with the computer in an intimately 
shared input-output space, .

Reprinted with permission from The Bell System 
Technical Journal, Vol. 56, No. 3, March, 1977, 
Copyright 1977 AT&T Company.

Figure 1 - Basic arrangement for superimposing a 
computed display on a two-dimensional array of 
buttons.

I. BASIC PRINCIPLES

A 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 physical 
keytops. Perceived spatial congruence is so pre­
cise 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 interactions exactly as the 
user does. In fact, the actual buttons need not be 
seen— it is best if they are painted a dull black 
so that they seem to disappear when the correspond­
ing light button Is 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 mirror 
used need be only slightly transmitting (say 10 
percent) and may thus be highly reflecting (say 
75 percent) to maintain high visibility of the 
virtual display. Ambient light is no problem ex­
cept that strong room 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 mirror. This is no fundamental pro­
blem except that one commonly imports or imple­
ments software in which the assumption of right-
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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 curiosity of these systems is that the 
hand seems transparent to light buttons, since it 
does not intervene in the path of reflected light. 
He 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 ha3 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; programming 
is done in FORTRAN and an assembly language. The 
display is a normal 525-line TV monitor, 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 logical colors is program-definable to 
128 levels per primary. The button set is a 12­
wide by 10-high array of pushbuttons, j-in. square 
on 1-in. centers, each with 3/16-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 some patterns produced by pro­
gressively adding buttons. The mirror is 16 in. 
square by £ in. thick; it is first-surface 75 per­
cent reflecting and 10 percent transmitting.

II. 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 console— in particular, a pos­
sible replacement of the present Traffic Service 
Position System (TSPS) station 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 J-in. green

squares, 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 sense of orien­
tation and geography. Lights at the very top of 
the board, indicating what type of call is present­
ly being processed, are red, as are occasional wide 
frames around buttons, pointing out mandatory oper­
ator actions. (Please turn to pages 6 and 7 for 
Figures 3 and 4.)

The sequence of Figures 3a through 3e 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 operator 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 buttons 
disappear; also, the key pulse special (KP-SPL) 
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 number 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 means 
that no more information is needed; if it is 
pushed, 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 POS-REL button appears permit­
ting the operator to release the call from this 
position, whereupon the board reverts to the quies­
cent state of Figure 3a.

The sequence in Figure 3 shows that this con­
sole is dynamic even during the processing of a
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Figure 3 - Demonstration of a charge to a third phone, [a) Quiescent board; (b, c) Operator pushes the 
SPL-CLG button; (d) Third phone number is keyed in; (e) ST-TMG button pushed, permitting POS-REL.

phone call; all of the buttons 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 button to spell 
out in words or phrases the meaning of buttons or 
situations encountered.)

Figure 4 illustrates more features of the TSPS 
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 of the quies­
cent board, with only valid buttons showing; here, 
the operator is inquiring 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 keyset for entering phone numbers, etc., 
on 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 entire board temporarily turned 
into a typewriter keyboard for possible future ap­
plications requiring alphanumeric input. Figure 4f 
repeats something that already appeared in Figure 3: 
a call originates from a patient at 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, HOSP, 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 alterations, 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 out of order, simply be­
cause they would not expect anything to happen in 
response to pushing an unlighted button. A simple 
case in point is: if 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.

III. A RELABELABLE "TOUCH-TONE" PAD AS AN INTERAC­
TIVE CONSOLE

A set similar to Picturephone set could be used 
as an interactive remote computer console, with the 
Touch-Tone pad as 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 Figure 4.)

the Touch-Tone buttons so that the 12 buttons can 
have several labelings and a corresponding 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 RGB monitor so modified that each of its 
three color signals is essentially a Picturephone 
signal. /6/ The picture is again 3 bits per pixel 
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, 
whereas Figure 6b shows the user's view for this 
same circumstance. These buttons are not black, 
yet the computer-generated image effectively obli­
terates the intrinsic 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.



Figure 5 - (a) Console setup with a relabelable 
Touch-Tone pad as an iterative graphics console, 
(b) Side view of console showing extra mirror 
for reflecting bottom-of-screen light source.

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 7d, 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 7a); the 
button marked NEXT EIGHT causes paging through se­
veral such sets of eight patterns. When pressed, 
the pattern is framed, a3 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. (Program branches involving re­
labeling buttons 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, "OK, 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
trinsic Touch-Tone labels. Another program branch 
provides for the redefinition of a pattern (see 
Figure 7c). 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 a button press flips the cell. The 
arrow buttons move the window over the pattern; OK

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 8 by selecting and ap­
plying variously 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 independently 
(Figure 9c). Before finally drawing the addition

Notes on Figures 6(a) and 6(b) below: 6(a) - Dis­
tant view of a simulated PICTUREPHONE ©  console 
setup, 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 TOUCH-TONE ©  buttons 
effectively relabelled by the computed display.
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-Add vs. subtract for defining colors.

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

- Buttons that disappear when not meaningful:

-Cursor arrows when at extreme size or 
position.

-Color increments when at limit of range.

Figure 7 ta-C) - Button labellings of a program for 
composing electronic circuit diagrams, (d) A result.

onto the picture, an optional border, of width ), 1, 
2, or 3, and its color, are chosen (Figure 9g), The 
colors themselves may be redefined (Figure 9f) by 
increments or decrements of the three primary co­
lors, the ±  button serving to flip between modes 
ADD and SUBTRACT. Throughout the program, buttons 
which are temporarily meaningless disappear; if 
border width is zero, the color buttons vanish; if 
no 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 functions. Button forms and features found use­
ful are:

- Solid square with a 1- to 3-word label along­
side.

- Small pictures of symbols significant in the
program.

- Other iconic symbols:

-An eye meaning, "Let's see the picture."

-Miniature 12-button set with label: a pro­
gram goto involving 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.

-Border color when width = 0.

- Button set that disappears for viewing pro­
gram result.

- Frame around logical groups of buttons:

-Enlarged window of pattern cells.

-Pattern set.

Figure 8 - Sample result of a more general program 
for production of A-color designs made of variously 
stretched and positioned geometric patterns.
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Figure 0 - The seven basic labellings for design-generating graphics system 
used to produce Figure 8 (see text for details).

IV. COMPARISONS WITH OTHER DEVICES

The existing system closest in form and func­
tion to this one is the touch panel /7,8/ developed 
as a part, of the Plato computer-assisted instruc­
tion project, /<)/ where the user's finger on the 
screen intercepts one vertical and one horizontal 
light beam, with position decoded to one 3pot out 
of 16 by 16. Virtual light buttons have the fol­
lowing advantages over the touch panel:

(i) The hand is transparent; it does not ob­
scure buttons pressed or buttons below 
ir.,

(ii) The keyboard has tactile feedback through 
button motion, but it does not respond 
co fingers passively resting on unpressed 
buttons— both characteristics are very im­
portant in typing.

(iii) Keyboards can easily be made for the si­
multaneous detection of more than one 
button hit (as in defining a pattern, 
typing a capital letter, or inputting a 
musical chord).

(iv! Only one kind of electronic-detection cir­
cuitry is required, that for detecting 
contact closings. (Almost every common­
ly used system has a keyboard.)

A light pen, like a touch panel, also is a 
single-position indicator, and it obscures part 
of the region pointed to, but it does permit draw­
ing free-hand curves and precise positioning on 
the picture cell level. Virtual light buttons do 
not lend themselves well to these tasks; for such 
operations we might use instead an x-y tablet with 
virtually superimposed display. We can, however, 
use a button array for pointing with much finer re­
solution than button spacing, by any of a variety 
of protocols:

(i) A first button hit can position a cursor 
at the same button center, and thereafter 
a small panel of four buttons in the left 
or right lower corner may serve tc step 
the cursor in fine increments. Iri ad­
dition, the cursor may slew in any of 
these four directions if a slew button 
is simultaneously depressed.

(ii) Alternatively, after a single button hit 
positions the cursor to the center of the 
button, a second nearby button depressed, 
before the first is released, can mean, 
"so many subdivisions in this direction." 
This method is quickly learned and pro­
vides for easy positioning on a grid 
five or seven times finer in both direc­
tions than button spacing. Subsequent 
button hits, relative to either the first
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or second 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 
specific software, as follows:

(i) The virtual light button setup is being 
considered as a possible form for a 
TSPS console. It would have the fol­
lowing advantages for operating com­
panies: It would be expected to reduce 
training time; additions or changes in 
service or protocol would not require 
hardware changes to the consoles; 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 considerably, with 
periods of instruction or other jobs 
easily interleaved with normal call hand­
ling in off-peak hours.

(ii) A versatile and economical console is
being designed, and a mockup built, us­
ing a 128-button panel, and a 512 by 
512 60 pel/inch plasma panel /10/ as 
shown schematically in Figure 10. (The 
plasma panel needs no external refresh 
system— cells may be lit or extinguished 
individually, and each retains its state 
until changed. The panel is flat, per­
mitting the button set to be flat, and 
since picture cell positions are defined 
by the structure of the device, the over­
all setup cannot become misaligned by 
electronic drift.) The board is arranged 
basically as an 11 by 11 array on 3/A-in. 
centers (normal typewriter spacing) with 
slight adjustment of the bottom rows so 
they conform closely to a regular type­
writer. Some buttons hang partially 
off the 8J by 8j-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 but­
tons can also be used as an 11 by 11 
rectangular array but 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 simultaneous button presses.

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

The ultimate flexibie-but-economical con­
sole is expected to be close to the above 
design of keyboard + plasma panel, with 
addressing and driving electronics of 
the plasma panel in the lower cabinet, 
not in a bulky frame around the display. 
It would contain a character-generator 
capable of generating (hierarchically) 
parts of buttons, button tops, and sets 
of button tops. The remote computer 
would then need to designate only which 
light button(s) to put up and/or extin­
guish, and where, whereas the console

! □ □ □ □ □ □ □ □ □ □ □ !  
! □ □ □ □ □ □ □ □ □ □ □ »

! □ □ □ □ □ □ □ □ □ □ □ !
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(b)
Figure 10 - Console under construction, using 
plasma panel display, (a) Schematic side view, 
(b) Button layout: 128 buttons basically posi­
tioned on 3M" centers. Labels illustrate usage 
of lower board as a typewriter. Large square 
indicates virtual position of 8-j" square plas­
ma panel display area.

would report button hits, perhaps with 
local culling of hits on nonlighted but­
tons. Both are low-capacity channels; a 
twisted pair phone line would suffice.
An 11 by 11-in. mirror would be big 
enough for a single user (larger mirrors 
are useful for demonstrations).

(iii) A general-purpose software package under 
development will ultimately facilitate 
the writing of specific usage programs. 
It will permit convenient design and la­
beling of light buttons, plus facilities 
for conveniently defining mappings be­
tween logical and physical buttons and 
describing changes in state: appear­
ance and disappearance of buttons, 
changes in values of variables, and 
flow of control. It will also provide 
a testing ground for one of the author's 
basic attitudes about usage of such a 
system: that, there should always be 
exact correspondence between buttons 
which appear and those responded to.
This ground rule should aid the devel­
opment of complex systems like TSPS 
where there is a huge number of combi­
natoric states of the board, and where 
it is a big and difficult job to define 
precisely and completely which button
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hits arc or should be legal from instant 
to instant.

(iv> One application nearing completion is a 
text editor, where text being worked on 
appears in the top part of the screen, 
while the bottom part serves as a type­
writer keyboard. The novel feature of 
the setup is that pointing (to lines or 
words or positions for deleting, changing, 
inserting) is done by pointing into the 
text. Text is displayed with three lines 
of five characters on each button top, 
and designates a character by a sequence 
of two button hits: first the button on 
which the character appears, followed by 
the same button if the character is cen­
tered on this button, or by a nearby but­
ton in the direction that the character 
is off-center (the second button is al­
ways one of the 3-high by b-wide sub­
array centered on the first).
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topics, please turn to page 32,)
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CRT GRAPHIC T£RMirML9
by Carl Machover, President "...Where the budget is limited, it is important

Machover Associates Corporation to carefully consider what performance your application.
199 Main Street actually requires —  and then choose a terminal which pro­
White Plains, New York 10601 vides enough I with some safety factor and provision for

growth), but not significantly more than you need

INTRODUCTION

Cathode Ray Tube Terminals have now been associa­
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 CRT terminals (not 
grossly different from present day refresh units) as 
one of the primary control devices for our air de­
fense system. However, the use of CRT Graphic Ter­
minals for design purposes in a non-military environ­
ment is relatively new. Many digital system histori­
ans (if there is such a specialty) will date this ap­
plication of CRT terminals to the pioneering work 
done by Dr. Ivan Sutherland on Sketch-Pad in the 
early 1960's, I have been involved in computer gra­
phics since I960, 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 a great many applications 
areas.

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

In this article, I plan to briefly discuss CRT 
Graphic Terminals within the framework of four to­
pics :

1. How a CRT produces a graphic image.

2. A typical CRT graphic terminal block diagram.

3. Performance characteristics of commercially 
available equipment.

A. Trade-offs,

My objective is to give the reader a grasp of 
what performance can be expected from commercially 
available equipment, what are some of the alterna­
tives you have in configuring a system, and finally, 
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. HGW A CRT PRODUCES A GRAPHIC I MAG 15

Within the CRT, a stream of electrons is 
produces which impinges on the phosphor screen.
When the electrons hit the screen, light is emitted. 
Due to the nature of the electron beam and the 
screen, there are five parameters which can be con­
trolled to produce a dynamic or static image.

: A. Beam Deflection

The electron beam is deflected by both mag­
i netic and electrostatic fields. A primary advan-
• tage of the CRT is that the beam has negligible
• inertia, and therefore, can be moved at very high
: speeds (compared to a plotting pen, for example).

Two basic deflection schemes are used in ty-
• pical graphic terminals. One is a system with 
I which you are already familiar —  the same as

used in your home television set. In a television 
set, the beam is moved in the X direction. The 
beam is rapidly reset to the starting horizontal 
point and moved again horizontally. At the same 
time, the beam is moved slowly in the vertical 
direction. (See Figure 1A below.) A typical 
television picture, for example, consists of 525 
of these horizontal scanning lines repeated ap­
proximately 30 times a second. This regular scan­
ning pattern is called a raster scan.

FIGURE 1 - Basic Deflection Schemes
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Alternately, the beam could be moved simul­
taneously in an X and Y direction; along a straight 
or curved path, to produce the desired line. (See 
Figure IB, p. 16.) This is essentially the same 
way that you use a pencil to produce a picture.
This method is commonly referred to as random 
positioning, or beam steering. Although raster 
scan describes a TV picture, the term "raster 
unit" is frequently used in conjunction with a 
random position system. "Raster unit" usually 
refers to the smallest digitally addressable in­
crement on the screen.

TABLE I

Time Required to Decay to Phosphor
10% of Initial Brightness_____Classification

Less than 1 USEC 
1 USEC to 10 USEC 
10 USEC to 1 MS 
1 MS to 0.1 SEC
0.1 SEC to 1 SEC 
Longer than 1 SEC

Very Short (VS) 
Short (5)

Medium Short (MS) 
Medium (M)
Long (L)

Very Long (VL)

B. Beam Modulation

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

Beam modulation can be used either with ras­
ter scanning or random positioning. With the ras­
ter scan method, as in the home television set, the 
beam is turned on and off in response to control 
signals. Areas of dark and light combine to form 
the desired picture.

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

C. Beam Cross-Section

Typically, the CRT beam is focused with an 
electrical lens system. Usually, one wants to cre­
ate as round and as small a beam cross-section as 
possible. However, it is possible to intentionally 
distort the beam and change its cross-section. In 
one type of CRT, the charactron, the beam is extru­
ded through a stencil so that its cross-section is 
formed into 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. Image Persistence

Except in the storage tubes, image persistence 
is not usually controllable, but rather is a func­
tion of the phosphor originally chosen.

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

FIGURE 3 - Goodman Radiation-Indexing Color Tube

A system can depend on the eye's memory or on 
the phosphor persistence to present an image which 
does not flicker,. 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 emitted 
for milliseconds. Storage tubes are available on 
which the image stays until intentionally erased.

"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 (at left) illustrates 
trates the construction 
of such a tube." /!/

E. Color

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

In single phosphor CRTs, color is a function 
of the phosphor chosen. In multiple phosphor 
CRTs, 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 penetration 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. Commercially available systems will program 
some or all of these parameters to develop a pic­
ture .

FIGURE 2 - Penetration-Control Tube
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FIGURE 4

CRT Graphic Terminal 
Basic Block Diagram

A TYPICAL CRT GRAPHIC TERMINAL BLOCK DIAGRAM

Consider next, the basic block diagram of a 
CRT graphic terminal, shown in Figure 4. The fac­
tors usually controlled in the CRT are reflection 
and intensity. Because of the nature of a CRT, 
these are normally controlled with analog voltages. 
However, the output of a digital computer is a mul­
tibit digital word— a series of l's and 0's. There­
fore, between the output of the computer and the 
input to the CRT a digital-to-analog (D/A) conver­
ter is required.

This complex D/A between the computer output 
and the CRT input has two main sections - the in­
terface and the display generator.

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

There is one additional element in the typical 
graphic terminal. The block diagram developed so 
far takes the output of a digital computer and con­
verts it into a graphic symbol on the face of the 
CRT. One of the powerful 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 light pen, keyboard, func­
tion keys, joystick, track ball, Rand tablet, etc. 
But first, let us examine some of the typical ele­
ments which comprise each of the major blocks.

A. CRT Display

Within 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 elec­
trostatically or electromagnetically, or by a combir 
nation of both. The nature of the deflection cir­
cuits will depend on whether the system is basically 
a raster scanning or a random positioning system.

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 is not va­
: ried.

Some CRTs are constructed so that 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
: screen.

B. Display Generator
Before going into a detailed discussion of 

the elements normally found in a display generator, 
it would be well to examine in detail how a digital 
signal might be used to produce a graphic symbol.
In the simplest case, the computer data word desig­
nates an X and Y location on the screen to which 
the beam should be moved and then illuminated. Any 
graphic symbol can then be made up as a series of 
these illuminated dots. For example, the letter A 
can be made up with 16 dots. (Figure 5 shows a 
typical dot-pattern character. /!/ A line or a 
circle can also be made up of a series of closely 
spaced dots.

FIGURE 5 BELCM: Typical 
Dot-Pattern Character

0 i 2 i i
FIGURE 6 RIGHT: The letter 
A formed by 16 dots.

IS COMPUTER GRAPHICS and ART for May, 19T7



Therefore the basic elements required in a dis­
play generator are a set of conventional digital-to- 
analog converters which change the digital X and Y 
designations into corresponding analog signals to 
position the beam on the screen, plus a dot genera­
tor to turn on the beam after it reaches the pro­
gramed position. In this elementary system, each 
dot requires a separate instruction. If, as in 
m03t systems, the screen has 1024 addressable loca­
tions in the Y direction, 10 digital bits are needed 
to specify X and 10 digital bits are needed to spe­
cify Y.

To draw the letter A 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 a graphic symbol vs. the amount of display 
hardware to accomplish the same purpose.

A typical graphic terminal uses a number of 
special purpose function generators to minimize 
the computer software. Included among these func­
tion generators are a character generator, a vec­
tor (line) generator, and a circle generator,

Character Generator - With a character 
generator, for 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 a 6-bit digital word {which 
allows the selection of 64 characters), or 
a 7-bit digital word, which allows a se­
lection of 128 characters, plus— possibly, 
one 20-bit word which designates the po­
sition of the letter on the screen. In 
the character generator is the special 
circuitry which translates the 6-bit word 
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 3ame way. In either 
case, the character generator acts as a 
kind of digital-to-analog converter which 
converts the 6 or 7 bit digital code into 
the necessary analog voltages.

One exception to this method was referred 
to earlier, in the paragraph on beam cross­
section. The separate character function 
generator is replaced by a 3tencil mask 
in the tube. Instead of deflecting the 
beam to form the character, the beam is 
positioned to a location on the mask and 
then extruded through the mask, in t'ni3 
instance then, the character function is 
included within the CRT,

Vector Cencrator - Hie vector generator 
relieves the computer programming problem 
of forming a line by programming a series 
of closely 3paced dots. Instead, the vec­
tor generator receives computer instruc­
tions which define the starting point of 
the line, perhaps as a 10-bit X and 10-bit 
Y word, and the end point of the line, 
also a 10-bit X and 10-bit Y word. In the 
vector generator is the circuitry re­
quired to deflect the beam along the de­
sired path.

Depending on the type of vector generator, 
the line may appear on the CRT screen as a 
solid, continuous line or as a series of 
closely spaced dots.

Curve Cencrator - Hardware curve generators 
are also available. Generally, the genera­
tor is limited to full circles. To pro­
gram a circle, it is necessary only to di­
gitally specify the center of the circle 
and the radius. The hardware generates 
the necessary analog voltages to move the 
beam along the desired path.

There are some generators which can draw 
circle arcs, or segments of up to 3rd or­
der polynomial Curves.

BETjQU, FIGURES 7 AND 8. FIGURE 7 - “A scan-pattern 
character generator can be obtained by using a device 
such as a nonoscope to store the intensity modulation 
signals tor each character. A typical nonoscope char­
acter generator is shown in FIGURE 7." /A/

FIGURE 8, BELCW - "In stroke pattern generators, char­
acters are composed ot a sequence of line segments or 
strokes, generated by the cathode-ray tube electron- 
beat) movement, with tine allowed between successive 
tor.rd > nates, * /S/

FIGURE 8 - Stroke Format Generator (Digital Storage)
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FIGURE 9 - Character and Line-Writing System /6/

Function. Generator Modifiers

To further reduce computer software require­
ments, the typical CRT graphic terminal contains :
several other elements which modify the outputs of :
the various function generators, •

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

At the output of the vector generator, it is 
possible to connect a line structure control. In­
stead of the line being drawn solid, it can be 
programmed to be dotted, dashed, or dash-dotted. •
This could be done with software, but the hardware 
alternate allows the control to be done with one or 
two digital bits. Also, in the typical system, :
modification of the line structure can be accom- •
plished without affecting the time in which the •
line i3 drawn. i

Video outputs from 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 two bit 
digital word. The instensity can be further modi­
fied under program control so that any of the sym- • 
bols can be made to blink. This blink control is 
available as a hardware element. :

Display Processing Unit (DPU) •

With all the function generators and function 1 
generator modifiers, it i3 necessary to provide lo- : 
gic which decides the computer data word and routes • 
the information to the appropriate function genera- ■ 
tor and modifiers. This is a block that can be 
called a display processing unit (DPU). In the •
simplest form, the DPU simply acts as a decoder. In • 
more complex systems, several other hardware func­
tions are assigned to the DPU. :

For example, the stringing of characters across • 
a line in a typewriter page-like format can be done : 
by logic in the DPU. Only the initial position of :
the first character in the line needs to be pro- •
grammed. Subsequently, characters 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. Provision j
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 90° •
and plotted vertically instead of horizontally, or 
the characters can be superscripted and subscripted. :

The DPU might also include logic for string­
ing line segnents so that once the first line is 
established, only the new endpoints of the line 
segments need be outputted to the display genera­
tor. Depending on the configuration of the mode 
control, these successive endpoints can be given 
either as absolute positions on the screen or can 
be defined as relative positions from the starting 
points,

Other_hardware functions can also be built in­
to the DPU, For example, a mode can be provided 
which allows for automatic plotting of a series of 
points or vertical lines where the horizontal 
spacing is a preprogranmable increment; or a mode 
can be provided that allows the incremental posi­
tioning of a series of dots. Some commercial sys­
tems also include hardware to cause the displayed 
image to rotate in either 2D or 3D, together with 
hardware for windowing, for intensity controlled 
depth cueing, and scaling. In some systems, 
the image can be defined in a world much bigger 
than is being shown on the CRT. Windowing refers 
to the problem of handling picture information 
which might be off-screen.

DPU complexity is part of the hardware-software 
trade-off. Microprocessors are now commonly used 
for the DPU.

Display Refreshing

Earlier it was stated that the typical phosphor 
used in a CRT emits a light for only the time that 
the beam impinges on the phosphor. There may bo 
some persistence (or after glow), but generally 
this does not exceed several milliseconds. This 
means that something is required to create the 
impression of a continuous image.

If the screen has short persistence, the eye's 
memory must be used and the picture must be re­
painted many times a second to give the eye the 
impression that it's on continuously. The number 
of times per second that needs to be painted is the 
function of the phosphor. In practical systems 
this will range between 10 to AO times per second.
If there were no storage element in display genera­
tors, this refreshing of the display must come from 
repeated outputs of the computer. Assume for exam­
ple, that 500 data words are required to form a 
complete image, and to give the viewer the impres­
sion that the image is constant, the image must be 
repainted 30 times each second. Therefore, the 
computer would be required to output 500 words 
every 30th of a second in order to refresh the dis­
play.

As an alternate to this, it is possible to 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 memory with a frame of data 
(500 word3, from the previous example). The dis­
play then would recycle the data out of the store 
as frequently as necessary to refresh the picture. 
The only time the computer would be required is 
when a picture needed to be changed. 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. There are 
several electronic storage tubes available in which 
the image will remain until intentionally 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 intentionally erased and new in­
formation is programmed.

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

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

Display Generator Output

The analog signals from the various function 
generators and function generator modifiers are 
combined into appropriate deflection and video 
line drivers which feed the CRT display analog in­
puts. Frequently, the character deflection vol­
tages (which often require wide bandwidth but 3mall 
deflection channels) are separated from the other 
deflection voltages. Therefore, the output of the 
display generator would consist of major deflec­
tion analog signals, minor deflection analog sig­
nals, and a video signal.

Several line drivers may be included in the 
display generator and may feed more than one CRT 
display. These auxiliary line drivers may, for ex­
ample, feed a wall size display, a microfilm dis­
play, a hard copy device, or another direct view 
display.

The presentations on all displays may be iden­
tical, or they have, as a result of suitable pro­
gramming of the video 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 same as a number of 
bits available from the output of the driving com­
puter (particularly where the CRT graphic terminal 
is supplied by one manufacturer, and the computer 
is supplied by another). Also, logic levels of the 
display generator may not be identical to the logic 
levels of the computer. Therefore, an interface 
block is needed between the computer and the dis­
play generator. The interface has three functions:

1. To reorganize the computer data word 
(which may vary from 8 bits to 48 bits) 
into the word structure required for the 
display generator.

2. To convert the computer logic levels into 
the display generator logic levels.

3. To provide the necessary seo.uence signals 
so that the computer can properly commu­
nicate with the display generator.

D. Input Devices

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 reasons 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 Pen - A commonly used communication 
device is the light pen. This is 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 displ-ay does not use a storage tube, 
the events which occur on the screen occur in 
time sequence (even though to the eye they ap­
pear to be occurring simultaneously).

A light pen pointed at the screen will de­
tect light at a discrete time and generate 
a computer interrupt at that time. It is 
generally a function of the computer soft­
ware to decide what to do about the interrupt. 
Since the interrupt is a time dependent func­
tion, normal light pen operation is not pos­
sible with a storage tube 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 to appear; or it 
could be used to enter information directly.

Because the light pen only responds to dis­
played information, some kind of symbol must 
appear wherever a light pen signal is desired. 
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 software, the tracking symbol is made 
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 of 
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 
on the screen independent of time and there­
fore can be used with storage screens. These 
are units which allow the operator to mechani­
cally control two orthogonal analog-to-digital 
converters.

The output of the converters are sensed, and 
a spot 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.

COMPUTER GRAPHICS and ART for May, 1977 21



FIGURE 9 - Graphic Terminal

Graphic Tablet - Another operator input device 
is the graphic tablet. In one form, a graphic 
tablet is an electronic unit which consists of 
a rectangular grid of 1024 by 102A lines. These 
lines are pulsed and signals are induced in a 
stylus removed by the operator. The location 
of the stylus relative to the tablet is deter­
mined by decoding the signals. A spot or line 
corresponding to the stylus position can be 
made to appear on the screen. Graphic tablets 
using acoustic techniques are also available.

Keyboards - Several kinds of keyboards are 
often used with CRT graphic terminals. An al­
phanumeric keyboard allows the operator to 
compose messages or make inquiries. Function 
keys permit the operator to make coded in­
quiries or to establish operating modes. Some 
function keyboards use coded, changeable over­
lays so 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 terminal, above.)

E. Data Organization

Before leaving this general discussion of CRT 
graphic terminals, it will be of interest to exa­
mine in some detail how the computer data word can 
be used 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.

The data word may be completely self-contained, 
with each word containing information about the 
mode of operation (character writing, line drawing, 
and position). Figure 10A is an example of this or­
ganization.

More often, two types of words are used. One 
type is a control 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 
figures.)

PERFORMANCE CHARACTERISTICS OF COHKERCIALLY
AVAILABLE 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

Each 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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P O S IT IO N  M ode  

00

X P o s i t i o n Y  P o s i t i o n

DOT M ode  

0 1

X P o s i t i o n Y  P o s i t i o n

CHAR, M ode
1 0

CHAR. 1 CHIAS. 2 C H A R .)

VECTOR M ode  

I I

X t o s i l i o n Y P o s i t i o n

FIGURE 10A ABOVE: Self-Contained Word Organization
FIGURE 10A (Above) - Self-Contained Word Organization

FIGURE 10B (Below)

Control Word and Data Word Organization

I 0 1 1 I 2 I 3 I <J I 5 I 6 ' 7 1 8 1 9 I 1C1 l l 1

1 0  1 I p ADDRESS

i i i 1 0 LX>\ T TYPE imp |

0 X Coord Z

Y Coord F)L,

i  i i 0 0 LPx XIX £1.*

0 AX A * Repeat Z

1 1 1 0 1 1 X M*P Tt:t - r-1*

0 CHAR cfs in t 3L

1 1 1 1 1 LP X EJs INT tiL

CHAR 1 CHAR 2

LP “ d isab le  l ig h t  pen 
BL “ enable blink 
Z ■» blank
F a ltam e  sync

INT -  00 -  normal 
01 -  dim
10 -  bright
11 -  o f f

TYPE «  00 -  Position
01 -  Position, Writo Dot
10 -  dash
11 -  so lid

Program Control Word

Vector Modo Control Word

Vector Deta Word p a i r
*T!ic-s« b its  do not actually control 
the display but arc Included to pro­
vide programing mode com patib ility.

Dot Increment node Control Word 
(bee *  cooecut above.)

Dot increment Bata word

yr-ioL He da Control Word 
(oec - euwmvnt above,) 

Symbol Data Word

Packed Symbol Mode Control Word 

packed Symbol Data word
£77q »  oocnpe)

AX, &Y H 001 +1
010 + 2
i n  - l
n o  -2

Othoro -  no increment

0S -  CO - normal, no o££net
01 email, oupcrocript
10 ~ onall,  eubocript
11 onall,  no o f fo o t

MAR -  00 - Hi?P
01 » act margin
10 “ return to margin
11 r e t u r n  to margin and

l in o  food
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GRAPHIC

- Storage Tube

- Refresh/Random

- TV/Scan Converter

- TV/Digital
- Plasma

- Refresh/Kandom j p
„ „ , , (Intelligent Terminal) : r?- Refresh/Hanaom . ; ■

- TV/Digital i - COM
• (Graphic Computer Output 
| on Microfilm) .

ALPHANUMERIC

_  TV (Digital) - COM 
(Li ne

Printer Mode)

POINT-
PLOTTING

- Storage Tube

- Rcfresh/Random

- COM : - Clt-l
; (Computer Input from 
: Microfilm, Film 
: Scanners)

$2

LCM : MEDIUM ' HIGH 

K $12K $7QK $30 
C O S T  P E R F O R M A N C E  

COMMERCIALLY AVAILABLE CRT DISPLAYS

• K

FIGURE 11

(Note: Above, compare prices and capacities in CRTs.)

Figure 11 illustrates these divisions. Also 
shown in Figure 11 is indication of the basic char­
acteristics of commercially available equipment vs. 
the approximate price. The price divisions are 
rather arbitrary and are intended only to show the 
range for each device.

As can be inferred from earlier discussions, 
a graphic CRT terminal is a conglomerate of devices, 
each of which lias a range of characteristics which 
can affect the performance and useability of the 
terminal. For convenience, the various factors 
which contribute to the effectiveness of the ter­
minal can be grouped into throe categories:

1. Those which affect the data content —  
that is, how much information can be 
displayed simultaneously without flic­
kering objectionally and with the gra­
phic symbols large enough to be easily 
read, or when small, to be easily dis­
tinguishable .

2. Those which affect the quality of the 
dispiay— that is, how the display looks 
aesthetically to the observer,

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

Characteristics which affect each of these 
categories are discussed in this section. Where 
appropriate, typical ranges for commercially avail­
able equipment are given.

A. Data Content

The amount of data which can be displayed si­
multaneously without appearing to flicker is af­
fected by the following:

Frame Rate - The more time that can be taken 
to write a frame of data, the more data can 
be displayed per frame. In the limiting 
case, using a phosphor with indefinitely long 
storage, the amount of information which can 
be display simultaneously will depend only 
upon the resolution of the CRT.

However, in the more typical case, the CRT 
phosphor retains the image for times ranging 
from 1 USEC to 100 MS. The eye need3 to 
have an image without any persistence re­
peated 35-AO times per second before suc­
cessive images merge without flickering. As 
the persistence of the image increases, the 
number of times it needs to be repeated de­
creases. Typical phosphors used in CRT ter­
minals produce displays that need to be re­
freshed from 10 fraraes/second (with a long 
persistent phosphor 3uch as the J , or L3! to 
AO frames/second for the medium-short per­
sistent phosphors such as the PA and P31.

Because less persistent phosphors tend to be 
more efficient, and more resistant to damage, 
most manufacturers prefer to use them in 
their terminals. Therefore, all frame-time 
dependent values —  and references to flicker- 
free presentations —  in the following discus­
sions are based on a AO cycle frame rate (or 
25 MS frame interval).''

2A COMPUTER GRAPHICS and ART for May, 1977



Keep in mind, however, that the data content 
can be increased in direct proportion to frame 
interval. For example, if a flicker-free data 
content of 250 points is quoted, it is under­
stood that the calculations are based on 25 MS 
frame intervals. If, in a particular system, 
with a particular phosphor, a frame interval 
of 100 MS (frame rateilO/second) were accep­
table, the number of points could be increased 
to 1000.

Incidentally, "flicker-free" data content cal­
culations are based on random positioning sys­
tems. Data content on TV systems is not li­
mited by function generator times but by 
resolution, and memory capacity.

Deflection Amplifier Response - A primary 
parameter of a CRT display is the speed 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 USEC. Therefore, the number of 
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 screen 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 flicker-free ranges from 2500 to 
25,000. '

Note that these factors are based on the as­
sumption that the system uses random posi­
tioning. There are systems, however, which 
use a raster scan similar to that U3ed in a 
conventional television set. Such systems 
require complete formatting of the data. 
However, by doing so, as many as 1,000,000 
dots can be displayed flicker-free, compared 
to a maximum of 25,000 dots in a random po­
sitioning system.

Deflection amplifier response also becomes 
les3 critical with storage tube displays, 
since the image needs to be written only 
once, and does 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"/second.

A second, wide bandwidth, small angle deflec­
tion channel with bandwidth ranging from DC 
to 10 MC, is also included in some terminals 
in a single channel. Alternately, there are 
newer deflection amplifier designs which 
combine fast random position with wide band­
width small angle deflection.

Character Writing Time - Character genera­
tors 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 positioning time 
(ranging from 3 USEC to 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 character 
(text) that can be displayed flicker-free 
ranges from 220 to 8300. As a comparison,

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

Digital TV character generators range from 
about A0 USEC to 800 USEC per character, while 
storage tube character generators use about 
400 USEC.

Line Drawing Time - Two types of vector (line) 
generators are offered in commercial available 
equipment. One type requires a fixed time to 
draw a line regardless of line length, while 
the other requires a time proportional to line 
length. Typical fixed time vector generators 
require from 30 to 150 USEC to draw lines up 
to full screen size, while the proportional 
vector generators have line drawing speeds 
ranging from 0.5 USEC per inch to 150 USEC 
per inch. This means that the fixed time vec­
tor generators can draw between 160 and 830 
flicker-free line segments per frame. Depend­
ing on CRT screen size, this can represent up 
to 16,000 inches of line. Proportional vector 
generators in a refresh system can draw from 
160 to 50,000 inches of flicker-free line per 
frame.

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

Circle Drawing Time - Hardware circle genera­
tors available with terminals can generally 
draw any size circle in from 100 USEC to 300 
USEC. This means that from 83 circles to 250 
circles can be displayed flicker-free.

Logic Time - In addition to the actual time 
required to deflect a beam arid write the 
various functions, the logic in the display 
generator, the logic of the computer, arid 
the memory cycle time will affect the amount 
of data which can be displayed. For example, 
the word organization of the terminal may re­
quire that the generation of each graphic ele­
ment be controlled by several data words. 
Elapsed time from the display's request for a 
data word and the terminal's set-up is in the 
order of 1 to 4 USEC. If 1000 data word3 
were required per frame (a typical value), and 
between 1 and 4 USEC were 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.

Resolution - 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 resolution. In 
commercially available terminals, the nominal 
spot will range from .01" diameter to .03" 
diameter. However, spot size might vary by 
a factor of 3:1 (on the same terminal) be­
cause of the beam intensity and 3pot position 
on the screen (better in the center, poorer 
at the edges). Some terminals use dynamic 
focusing techniques to keep the spot size re­
latively constant over the display area,

For purposes of comparison, the range from 30 
lines per inch (.03" diameter 3pot) to 100 
lines per inch (.01" diameter spot) will be 
used. To read a character with minimum chance 
of error, it is generally agreed that at least 
five and preferably seven lines of resolution 
per character are needed. Two more lines are
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needed in the space between characters. There­
fore, assuming that a typical character and 
its space needs nine resolution lines, the 
character density with a 30 line/inch reso­
lution display is approximately 3 characters 
per inch and with 100 line/inch resolution, 
it is approximately 11 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 confused with 
resolution. Addressability is a statement 
of how many digital positions can be pro­
grammed {but not necessarily distinguished) 
along each axis. Typical terminals offer 9 
bit (512) or 10 bit (102A) addressable loca­
tions. The term "raster unit" is often used 
to describe an element of addressability.

Screen Size - Screen size affects data con­
tent primarily from the standpoint of reso­
lution. CRTs used in commercial terminals 
generally range from 16" round to 2A" round, 
with available display areas of from 10" x 10" 
to 16" x 16". Therefore, the number of read­
able characters per lino can range from 30 
(10 inch line of a resolution of 30 lines 
per inch) to 176 (16 inch line vfith a reso­
lution of 100 lines per inch).

Inexpensive graphic storage tube terminals 
with 6" x 8" display areas are also 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. Quality :
Several factors affect the image quality.

Some of these factors may also affect data content, ; 
as indicated in the following discussion. •

Accuracy (Linearity) - Accuracy describes 
how the programmed position of the beam cor- • 
responds to some external reference. For •
example, if a grid were scribed in the face :
of the CRT and the beam were programmed with !

power line frequency (or submiltiple fre­
quency ). In an adequately shielded termi­
nal, the jitter is about 0.5 to 1 spot —  
but even this value can be disturbing to the 
user.

Two methods arc used to reduce or eliminate 
the apparent jitter. One is to maintain the 
frame rate at such a value that the beam fre­
quency is relatively high —  typically 20 cps. 
Although jitter may still be present, the 
graphic element is moving so fast that, to 
the observer, the line or dot simply thickens 
a bit, • Hence, the resolution is affected, 
but the image appears stationary. This tech­
nique is especially successful when used with 
longer persistent phosphors.

Alternately, since the jitter most frequently 
comes from stray magnetic fields, the display 
frame rate can be locked to the line frequen­
cy and the jitter essentially eliminated.

Repeatability - When the beam is programmed to 
the same location from various places on the 
screen, the successive dots will probably not 
be superimposed. The spread, called repeata­
bility, may range from 1 spot size to 10 spot 
sizes. In commercially available equipment 
this effect may be particularly disturbing 
when various line segments arc programmed to 
start from the sane point, hut, because of 
repeatability, they do not.

Brightness and Contrast - If the display is to 
be used in a normally lighted room, it is im­
portant that the presentation be bright or 
have a high contrast ratio. Typical termi­
nals produce 20 foot-candle to 50 Toot-candlc 
presentations. Shorter persistent phosphors, 
such as the PA and P3i do produce bright, 
easily read displays, but these phosphors re­
quire relatively high frame rates to reduce 
flicker. Longer persistent phosphors such as 
P19, P23, and L3 reduce the frame rate re­
quirements at the expense 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.

a digital 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 scale. Ge­
nerally, pictures drawn with this accuracy 
are quite acceptable to the observer, pro­
vided there is no attempt to superimpose 
the electronic image with a mechanical re­
ference, The presence of the mechanical re­
ference will emphasize the nonlinearity or 
inaccuracy of the display. For comparison, 
the nonlinearity of a well-adjusted home 
television set is about 10% to 15%.

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

Storage tube terminals have significantly 
lower brightness, in the order of 5 foot- 
candles.

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

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

Graphic Symbol Construction - Graphic ele­
ments can be constructed in a variety of 
ways —  some of which enhance the quality 
of the display, and others which tend to 
detract from it. For example, characters
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formed from a 5 x 7 dot format may be read­
able but not aesthetically 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 techniques 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.

C. Ease of Use

There are two categories discussed in this 
section —  those which are based on human factor 
considerations, and those which are based on pro­
gramming considerations.

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

A variety of light pen configurations are 
available ranging from a 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 coil 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. Acti­
vating switches for the light pen range from 
mechanical shutters on the pen, electrical 
switches 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 sticks are pre­
ferred by some users, the graphic tablet 
provides an easy method for graphic input 
and is available as an accessory in several 
systems. Some displays eliminate all me­
chanical input devices and allow the user 
to get a response by simply pointing 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 a logic card extender to elaborate 
maintenance panels, which include register 
lights and test pattern generators.

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 square feet of floor space, and are 
4-5 feet high.

Systems Programming - The display command 
structure influences system programming. Com­
mon types of command structures are shown in 
Figure 10A. In one approach, each data word 
is completely self-contained and has a mode 
instruction and all other information re­

quired 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 so that more 
than one display console can be driven from 
a 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 to produce wall size pictures or imme­
diate hard copy.

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

SUMMARY

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

For an applications approach to terminal se­
lection, see "Interactive CRT Terminal Selection" 
by the author. /7/

GML, in their "Computer Display Review", for­
mulated several typical presentations: schematic 
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 requirements 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 a 
terminal. These will be technically based deci­
sions. Other 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 these considerations are 
"beyond the scope of this paper".

Here are some of the trade-off decisions with 
which you will be faced in choosing a terminal for 
your application. The "your application" is in­
tentionally underlined —  because it is unlikely 
that any one terminal will be the best for all ap­
plications. Many questions will be raised, and 
few answers will be found in the following discus­
sion. My intent is to raise some caution flags!

A, Cost vs. Performance

Earlier it was emphasized that performance
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and capability are generally (but not always) re—  
lated to cost. Higher performance unit3 -- more 
data capacity, better quality characters, greater 
versatility —  generally cost more. Therefore, 
where the budget is limited, it is important to 
carefully consider what performance your applica­
tion actually requires —  and then choose a termi­
nal which provides enough (with some safety fac­
tor and provision for growth), but not signifi­
cantly more than you need.

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

B, Hardware vs. Software

"Hardware vs, 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 factors which enter into the de­
cision, Where hardware funds are limited, where 
display data content is low, when the capability of 
the driving computer is not being pushed, where 
there are many identical systems in related areas, 
the tendency 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 is 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 occurs because raster displays can 
use TV like techniques 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
sive.

However, the use of a raster system may have 
several other drawbacks. The user may not find the 
appearance of a raster display as pleasing as one 
made from continuous lines. Programming a raster 
system imposes burdens. Primary data is generally 
defined by specific locations on the screen. For 
example, a line may be defined by two end points, 

and X2Y2 . In a random positioning system, 
the beam is simply programmed to move between these 
points. In a raster system, the end point defi­
nition must be converted into a different (time- 
dependent) coordinate 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 also 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 modes).

P. Refresh from Center Computer 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

2000 feet from the central 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 refresh 
displays. If the application does not require a 
substantial amount of processing time in the cen­
tral computer, it may be practical to also refresh 
the display from the computer.

Availability of truly low cost general pur­
pose computers (where the computer cost is not 
greatly different than a wired core memory) fur­
ther complicates (or increases) the choice. Enough 
advantage may Jbe obtained by allocating certain 
housekeeping functions (display refresh, light 
pen tracking, editing, coordinate transformation) 
to the small computer-used-a3-display-buffer, to 
favor the use of the small computer where an or­
dinary buffer would not generally be used.

E. High Refresh Rate vs. Phosphor Storage

If storage phosphors are available, why use a 
high refresh rate at all? Here are several reasons 
Generally, the storage phosphors arc not as bright, 
or as efficient. Also, most storage phosphors are 
"soft" in the sense that they can be burned easily. 
It is virtually impossible to protect a storage 
phosphor against some condition which may damage 
it.

When rapidly moving data is presented, the 
storage phosphors will tend to show a smeared pic­
ture. Time-dependent communication between the 
display and the computer may be impaired because 
of the stored image. For example, it may not be 
possible to use a light pen with a storage phos­
phor .

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

F. Mechanical Keyboards vs. Light Pen

Some kind of keyboard i3 needed with most 
graphic terminals in order to transmit the opera­
tor's command to the computer. These commands may 
call up new information, change data, or put the 
system in a different mode.

The light pen in conjunction with displayed 
information, can be used for this type of communi­
cation. Why, then, add any mechanical keyboards? 
Many users find that total light pen consnand is 
not efficient —  for example, when the system is 
being used for computer-aided design. Here, the 
user would be required to continuously move the 
pen between the command keyboard and the drawing 
area. By having a mechanical function keyboard, 
the user can work the buttons with one hand and 
the light pen with the other.

Message composition i3 somewhat easier using 
an alphanumeric keyboard rather than a light pen 
in conjunction with a displayed alphabet.

With the growth of storage tube displays, the 
graphic tablet has become very common, providing 
ease of menu selection, digitizing, and free-hand 
drawing.
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Color television is here -- why not color CRT 
graphic terminals?

Why not, indeed? There are some applications 
where color would be most helpful. Using the dis­
play to design integrated circuit masks, or mul­
tilevel printed circuit boards, for example. There 
are many other 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 set3. Tube construction 
limits the resolution. The smallest character size, 
for example, would be about i" high (compared to 
3/32" in a readily available conventional monochro­
matic CRT), Technical problems with the convergence 
circuits (the circuits which allow the three prima­
ry colors to bo combined to produce any other color, 
including white) drastically increases line drawing 
time in random position systems (from typically 1 
USEC/inch to 100 USEC/inch). However, with the 
growth of digital TV, color mask systems arc becom­
ing very common.

Recently, a color CRT based on an entirely new 
principle, has been introduced. In effect, the CRT 
uses two phosphors which respond differently as a 
function of CRT anode potential, Adequate colors 
in the red, orange, and green range are produced 
and the tube has potentially higher resolution than 
does the conventional color mask CRT.

K. Light Pens vs, Joy Stick vs. Data Tablet

This trade-off decision follows the same kind 
of consideration 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.

I, Graphic Terminal vs. Something Else

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-output devices —  many 
much less expensive than a CRT graphic terminal!

Keyboards, printers, plotters, CRT alphanu­
meric inquiry stations are available. Generally, 
the CRT graphic terminal can be justified:

1. Where "quick-look" fast graphic output 
is needed, as in seme types of pattern 
recognition problems.

2. Where rapid dynamic graphic man-machine 
communication is needed, as in computer 
aided design, on-line problem solving 
and simulation.

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.

4. Where you're not sure, but you have a 
budget which will let you find out!

G. Monochromatic va. Color

it is hoped that this in-depth discussion of 
CRT display systems will be of benefit to readers 
and to people 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 of each system is ne­
cessary to discern the one that will adequately 
meet one's present and near-future needs.

As hardware becomes increasingly more afford­
able, more user3 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 
display afforded by CRTs attracts and holds the 
user's attention in ways that static plotter sys­
tems 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 ail, a very 
visually oriented creature.

SUMMARY
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THE STATE OF THE AFT OF COMPUTER GRAPHICS AND ART

COMPUTER GRAPHICS and ART is a new international 
quarterly of interdisciplinary graphics for graphics 
people and computer artists. COMPUTER GRAPHICS and 
ART is now in Volume Two of publication.
This periodical is aimed at students, teachers, 
people from undergraduate institutions, researchers, 
and individuals working professional!y in graphics. 
Its topical coverage is broad, embracing a variety 
of fields. It is useful, informative, and current.

COMPUTER GRAPHICS and ART aims at close collabora­
tion with readers and writers, to help advance the 
state of the art of computer graphics. CG&A aims 
at balance - publishing materials from diverse 
fields, presenting in each 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.
COMPUTER GRAPHICS and ART is one of the most 
striking and attractive computer magazines avail­
able today. Its layout and format have received 
praise from international figures in computer gra­
phics. It publishes more computer art than any 
other computer periodical, of international quality.

BELOW: "People" by Waldemar Cordeiro, Sao Paulo,

ABOVE: "Universal Declaration of Human Rights" by 
Kenneth Know’ton, r-ell Laboratories, Murray Hill, 
New Jersey. _________________________
COMPUTER GRAPHICS and AS? is international in scope, 
Seaders range from Australia, Africa, Red China, 
South America, Italy, to France, Germany, Israel, 
and the United States.

The contributors to COMPUTER GRAPHICS and ART are 
international. The fisting of articles puiiisijed 
so far reveals a distinguished roster of research­
ers, professors, and significant computer pro­
fessionals and artists.

You are cordially invited to be an active subscriber 
to this international computer graphics magazine, 
and to send your papers, articles, illustrations and 
comments to the Editor:

Grace C. Hertlein, Editor
COMPUTER GRAPHICS and ART
Berkeley Enterprises, Inc. - Chico Branch
555 vallombrosa - 1/35
Chico, California 95926

(916) 343-2712

(All materials should be in English, typed double 
spaced on letter-sized paper, and references are 
desirable. Relevant illustrations should accom­
pany written material. Authors may write for 
"Suggested Guidelines for Prospective Authors".
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COMPUTER GRAPHIC; OND /4RT
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:

COMPUTERS AND EDUCATION

*Learning through Graphics" by Dr. A1 Bork, Univer­
sity of California, Irvine

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

"Some Line Drawings of Neuroanatomical Structures" 
by Dr. Joseph Capowski, University of North 
Carolina, Chapel Hill, N. C.

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

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

HARDWARE

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

"CRT Graphic Terminals" by Carl Machover, President, 
Machover Associates Corporation, White Plains, 
New York

"A Personal Philosophy of Ideas, New Hardware, 
and the Results" by Duane Palyka, University 
of Utah, Salt Lake City, Utah

"Computer Displays Optically Superimposed on Input 
Devices" by Dr. Kenneth C. Knowlton, Bell 
Laboratories, Murray Hill, New Jersey

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 
Industry" by Professor Grace C, Hertlein, 
California State University, Chico, California

CARTOGRAPHY, GRAPHING

"Plotmap - Computer Representation of Geographic 
Data" by Lloyd Onyett, Geography Department, 
California State Univ., Chico, California

"From Stylus to Light Pent Technology and Innov­
ation in the Development of Quantitative 
Graphics" by James R. Beniger, Survey Research 
Center, University of California, Berkeley,

"Computer-Assisted Graph-Making" by Elaine McNichols 
Department of Computer Science, California State 
University, Chico

SOFTWARE

"Expanding the Graphics Compatibility System to 
Three Dimensions" 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 Design of
Buildings" by Kerry Jones, American Build­
ings Company, Eufaula, Alabama

"Inexpensive Graphics from a Storage Tube" by 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. G, Wolfgang, Philadelphia 
College of Textiles and Science, Philadelphia, 
Penna.

PHILOSOPHY - ART

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

"Mathematics in Art and Computer Graphics“ by 
Dr. Jean Eevis, Georgia State University, 
Atlanta, Georgia

"Graphics Applications: Paintings" by Roger Cogart, 
Bruxelles, Belgium

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

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

"RE:VIEIVING“ by Professor Charles Glassmire, Robert 
Morris College, Coraopolis, Penna.

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

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

"NCC ‘76 Art Exhibition, New York City - Preview, 
Comments by: Manuel Barbadillo (Spain);
Hiroshi Kawano (Japan); Kenneth Knowlton 
(USA); Manfred Mohr (France); Georg Nees 
('Germany;,- John Roy (USA); Zdenek Sykora 
(CzeclKislovakia); Roger Vilder (Canada); 
and Edward Zajec (Italy;.

EDITORIALS by Grace C. Hertlein 

"To Measure, to Quantify, to Know?"

’The Potential of Computer Graphics Applications" 
"A Call for Graphics Curricula"

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

MISCELLANEOUS

Book Reviews 
Poetry
Announcements
Special Offers: Illustrations, Graphics Biblio­

graphy, FORTRAN IV Art Manual

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

COMPUTER GRAPHICS AND ART

(May be copied on any piece of paper)

to: COMPUTER GRAPHICS and ART
Berkeley Enterprises, Inc. - Business Office
815 Washington Street (
Newtonvxllc, Mass. 02160

(617 >332-5453

( ) Please enter my PERSONAL (V.S. and Canada) .
subscription to CG&A ($10 per year).

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

( ) Please enter my LIBRARY/DEPARTMENTAL sub­
scription to CG&A ($15 per year).

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

( ) Enclosed is $2.50 for a SAMPLE COPY of CG&A
(applicable toward a subscription).

FULL REFUND IN 30 DAYS IF NOT SATISFACTORY

NAME________________________________________
TITLE_________________________________ _____

ORGANIZATION __________________________ _________

ADDRESS

HERE IS YOUR OPPORTUNITY FOR FEEDBACK TO US:

) I hope to submit for publication in CG&A 
material on the following topics:_______

) I am interested in reading materials by the 
following a u t h o r s : _____

) I am interested in coverage of the following 
subjects:__________________________ _

) I would like to receive materials on other 
Berkeley Enterprises, Inc. pubiications:
< ) COMPUTERS and PEOPLE ( ) THE COMPUTER
DIRECTORY and BUYER’S GUIDE; ( ) PEOPLE and
THE PURSUIT OF TRUTH; ( ) THE NOTEBOOK ON
COMMON SENSE and WISDOM: ( ) WHO'S WHO IN
DATA PROCESSING; ( ) BOOKS

( ) I am interested in institutional advertising
rates for universities and colleges. Please 
send information,

( ) I am interested in advertising for my firm.
Please send business advertising information.

( ) Additional Comments (attach another paper if
needed):_____________________________________

CONCLUSION OF SIGCRAPH '77 SPEAKER/TOPIC LISTING: 
(See pages 14 and 15 for complete program.)

VICKERS, D. L., "Moving, Computer-Generated 
Images via Integral Holography, Lawrence 
Livermore Laboratory, P. O, Box 808, 
Livermore, CA 94550.

WOLCOTT, N. !■}., "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, CO 
30307.

12. RASTER GRAPHICS - W, NEWMAN, Xerox Research,
3333 Coyote Hill Rd., Palo Alto, CA 94304.

13. GRAPHICS RESEARCH - DAVE EVANS, Evans and 
Sutherland Computer Corp. 589 Arapeen 
Drive, Box 8700, Salt Lake City, Utah 
8410B,

14, GRAPHIC STANDARDS - BERTRAM HERZOG, Computer 
Center, University of Colorado, Boulder, 
Colorado 80309 - ROBERT DUNN, United 
States Army Electronics Command, Fort 
Monmouth, New Jersey.

15. LOW COST COMPUTER GRAPHICS - (No other 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 been included, as information for those unable 
to attend, who may scan the program and select 
specific references that are useful. The Proceed­
ings of the conference are available - those in­
terested are invited to write the Program Chairman.
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n e w  COM PUTGR dRT

ABOVE: "Gaussian Distribution” by Kerry Jones, an engineer who enjoys computer art for fun. (See August, 
1976 issue of CG&A for "Engineering Applications in the Design of Buildings", pages 5-7 by Kerry Jones.)

COMPUTES GRAPHICS and ART for May, 1977 33



ABOVE: Ellipsoid" by Tony Martin, American Buildings Company, Eufaula, Alabama. Like many 
computer professionals, Tony Martin executes detailed, delicate, mathematically based compu­
ter art as an avocation. (See the August, 1976 issue of Computers and People for more of his 
work, and also graphics by his friend and colleague, Kerry Jones, who works for the same firm.;

BELOW: "Gyrating Form" by James R . Warner, Colorado University Computing Center, Colorado 
University, Boulder, Colorado.
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ABOVE AND BELOW: 
boration by <7. F.

"Untitled Serigraphs" by the Croupe do Belfort, France - a colla- 
Kammerer-Luka, Animateur, and Professor J. B. Kempt. (For an in-

depth article on the work of the Groupe, see the August, 1976 issue of CG&A, and the 
illustrated paper describing their work in the communities near Belfort.) The group executes 
what we now call "supergraphics" or very large, monumental murals. These are planned in 
conjunction with universities and civic groups, wherein the collaboration of the group is taken 
back into the environment of the citizens. Humanization of the urban and industrial environment 
is the goal of this community of socially-oriented computer artists.
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