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Foreword

Visual information display systems connected to computers are fast
becoming commonplace. They are found now in stock brokers’ offices and
schools as well as in jetliner control panels. The National Aeronautics and
Space Administration and its contractors have developed and operated
display systems of this type that can span nearly the whole spectrum of
applications.

This survey of computer-related visual information display systems was
undertaken for the NASA Office of Technology Utilization so that others may
benefit from NASA’s experience. The input-output capabilities of human
beings, which determine the requirements for such systems, are likely to be
much the same outside of the aerospace field as they are within it. This
publication is intended especially for middle management personnel in areas
in which the potential benefits from such modern technology have not yet
been realized.

The report describes hardware and software with wide applications and
explains the large-scale checkout and control systems used at the John F.
Kennedy Space Center, the Marshall Space Flight Center, and the Manned
Spacecraft Center. It also reviews findings in the Ames Research Center, the
Jet Propulsion Laboratory, and other government and private laboratories.
The reader is introduced to interactive display systems, simulation displays,
and image enhancement techniques. Most of the examples cited are from
aerospace work, but they were chosen because of their potentially broad
utility.

This is one of a series of surveys through which the NASA Office of
Technology Utilization is informing both public and private sectors of the
economy of advances made in the course of the nation’s exploration of space.
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Introduction

This publication presents selected examples
of visual information display systems that may
stimulate middle management to conceive ways
in which present display technology can be ap-
plied increasingly to industrial problems. Most
of the examples come from NASA projects, sup-
plemented where it has seemed appropriate by
industrial examples. Notably missing are mili-
tary examples such the “L” systems of the Air
Force; MTAC and NTDS of the Marines and
the Navy, respectively ; ARTOC of the Army;
and dozens more. Some of these are fully de-
scribed elsewhere, and most of them are similar
to the systems selected for description here. Al-
though it may be thought that most display
technology is a spinoff from the television in-
dustry, it should be remembered that much of
that industry has stemmed from military radar
developments. Almost all of the hardware dis-
play developments in use today have descended
from a military predecessor.

This survey was restricted to visual informa-
tion display systems that are either computer-
connected or updated with computer-generated
information. It deals largely with console alpha-
numeric and graphic devices, including promis-
ing new developments. The scope of the study
was exemplified by the field of cathode-ray tube
(CRT) displays, which has figured in signifi-
cant industrial advances. Such systems as files,
exhibits, and printing were excluded from the
study unless they were part of a specifically
defined system. Also excluded were conventional
typewriter or machine printout systems. Three-
dimensional displays such as Holographic were
considered too remote from practical applica-
tion to be included in this report. Even with
these restrictions, this survey covers a broad
spectrum of displays.

To provide a suitable basis for understanding
the examples presented, the first three chapters
have been devoted to the three basic elements of
a display system. Chapter I deals with human
beings and some aspects of human engineering;
chapter II deals with hardware and includes
some recent NASA developments as well as gen-
eral overview; and chapter III covers com-
puter systems with the major emphasis on pro-
gramming and the problems of software devel-
opment. The remaining five chapters are devoted
to applications.

There are many different potential applica-
tions for display equipment. For some of them,
any of several currently available commercial
display consoles are suitable. Some of the most
promising applications are in on-line program-
ming, design automation, process control, text
editing, and source data creation.

"Display system applications can be grouped
into four broad categories that are summarized
in table I together with examples of each par-
ticular system. These categories are reflected in
the structure of this publication. The first cate-
gory is monitoring, in which the user is primar-
ily a spectator with perhaps a limited number
of manual controls such as special pushbuttons,
but not usually a keyboard. Chapter IV relates
several prime examples drawn from the space
effort. In the second category, engineering and
design functions, there is a highly technical
interchange between the user and the system
and an interaction between man and machine;
chapter V discusses interactive systems. Infor-
mation storage and retrieval is divided into two
categories—unstructured and structured files.
The unstructured file systems are exemplified in
chapter V because a considerable measure of
user interaction is usually involved. Structured

1



2 VISUAL INFORMATION DISPLAY SYSTEMS

Tasie I—Potential Automated Display
Applications

Category 1—monitor functions

System operating monitors
data processing installations
automated systems
airline arrival and departure systems
checkout systems
demonstrations

Paging systems

Security systems

Category 2—engineering and design

HEngineering and mathematics
research :
design
development
Programming
program development and debugging
Industrial and government management planning
scheduling
forecasting
logistics

Category 3—information
Unstructured

Industrial and government management, planning and
operations
budgeting
process control
produetion control
inventory management
Command and control (military)
intelligence analysis
photo and map interpretation
cryptography and translation
planning and war games
Text manipulation
Scientific research
query and retrieval
Banking and finance
credit analysis
account analysis
checking analysis

Structured

Hospital administration
nursing stations
Transportation
airline reservations
auto rentals
railroad car and shipment disposition
fleet vehicle location and content control
hotel and other reservation systems

TasLe I—Potential Automated Display
Applications—Continued

Insurance
policy search
claim adjustment
policy file maintenance
Banking and finance
bank query stations
teller stations
management stations
stock brokerage
portfolio analyses
stock quotations
Industrial administration
personnel records
financial administration
group insurance files
State and and local government
vehicle license identification
driver license file search
traffic and criminal offense records
deed search
Military administration
base assets
inventory control
personnel records search
maintenance status reporting and control
force status
Education
programmed teaching

Category 4—communication and simulation

Alphanumeric message transmission
all applications presently being handled by communi-
cations printers
Critical message validation
Pictorial/graphical data transmission and enhance-
ment
publications
newspapers and magazines
criminal photo transmission
weather bureau information
Simulation,

file systems are reported in chapter VI. In these
systems, the interaction is largely prepro-
grammed. The final category of communications
and simulation is one in which a visual scene or
message is processed or generated by a computer
system for presentation to a viewer. Chapter
VII covers computer generated images and
movies, and chapter VIII covers image
enhancement.
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CHAPTER 1

Display System Human and Task Dependent Parameters

The end toward which a visual display device
is directed is the human being, who is demand-
ing and limited in his visual function. Because
display devices also have limitations, display
systems are a compromise between the interests
of men and the capabilities of the equipment.

The standards by which the performance of
visual display equipment is measured are con-
fusing at present. Terminology tends to be vari-
able and inexact. For example, in the matter
of resolution, one finds such measures as spot
size, line width, white lines/inch, and optical
lines; many units that are identical carry two
or three common names.

Contributing to this hazy picture are the vari-
ations from man to man in activities and per-
ceptions. A man may become more tolerant of

flicker as he grows older but be less tolerant to

poor contrast as he becomes tired. He responds
to low light levels with one set of receptors and
perceives color with another. He does not present
dependable performance.

There is obvious need for standardization
of equipment requirements. The standards must
determine which requirements matter, how they
should be measured, and in what units they
should be expressed. Similarly, human beings
should be more adequately defined in terms
of normal ranges of behavior and under what
precise conditions that behavior should be
measured. Both necessities present difficulties
because some of the functions are not easily
reduced to objective measurement.

HUMAN DEPENDENT PARAMETERS
Photometry

The essence of visual display is creating a
light signal within the physical world and pass-
ing it into the psychological world of the hu-

811467 0—68+———2

man. The physicist thinks of light as radiant
energy, with wavelength and spectral distribu-
tion; but many men prefer to speak about
brightness, hue, and saturation. Photometry at-
tempts to mediate between these approaches by
establishing average characteristics by objective
measurement, if possible, without involving the
observer.

The physicist measures the radiant energy
emitted by a radiant body, but the eye is limited
to a small range of wavelengths and responds
differently to each different wavelength. Psy-
chological brightness is called luminance or
luminosity; a plot of luminosity against wave-
length produces a bell-shaped curve with a
maximum in the green. The retina, with its two
kinds of receptors, actually possesses two curves
of luminosity, one for the cones (photopic) in
the center of the visual field and the other for
the rods (scotopic) at the periphery. The rods
are slightly more responsive to the shorter wave-
lengths.

Brighiness and Conirast

Brightness is the measure of light intensity
of the signal and contrast is the relative bright-
ness of the signal over the brightness of its back-
ground. The ease with which information can
be read is directly related to contrast, but the
required brightness is affected by the size of
the object area. If the size is decreased, the
brightness must be increased. Duration also af-
fects brightness: short flashes must be brighter
than long flashes. Below durations of 0.1 sec-
ond, however, isolated flashes of equal energy
are equally visible. Brightness is commonly
measured in wunits called foot-lamberts.
Typically, brightness ranges from 20 to 100
foot-lamberts. Still lower light levels call for

3



4 VISUAL INFORMATION DISPLAY SYSTEMS

dark adaptation, but too low a light intensity
causes a shift from the cone to the rod receptors
with a concomitant and severe reduction of
acuity.

Two definitions of contrast are in general
use. One is called contrast ratio; it is the ratio
of the brightest to darkest portions of the dis-
play. It finds application where the gray scale
is significant as in television. The other con-
trast is called percentage contrast or bright-
ness contrast. The brightness contrast is equal
to the image brightness minus the background
brightness divided by the background bright-
ness. The percentage contrast is equal to the
brightness contrast multiplied by 100.

Still another contrast is that of color. Al-
though brightness contrast is far better for
detail, color contrast may be used for indicat-
ing classes of information or for enhancing con-
trast in marginal situations. For example, the
afterglow of long persistence phosphors has a
large component of orange in it. The contrast
can be enhanced by using a blue ambient light-
ing, provided the marked contrast does not
produce psychological reactions.

Resolution

Resolution is a measure of discrimination
within fine detail. Resolution depends partly
upon the visual acuity of the eye and partly
upon the resolution of the display itself. The
resolution of the display depends upon the size
of the image-creating element—the bluntness
of the “pen” that draws the display and the
graininess of the web upon which the display
is spread out. Other factors include positioning
accuracy, registration, and image diffusion.

The visual acuity of the human eye depends
upon several variables. For example, one can
measure the stereoscopic acuity to determine
the minimum stereoscopic displacement the eye
can vesolve. For most visual display devices,
there is no need to consider this ability. On the
other hand, vernier acuity may be significant
because it isthe measure of how close an opera-
tor can bring an indicating needle into align-
ment with a dial mark. The eye can perform
this operation with surprising accuracy, de-
pending on contrast, brightness, and the length

of the needle or line. Typically, vernier acuity
is between 1 second and 1 minute of arc.

The chief type of visual acuity important to
the field of visual display devices is the mini-
mum detectable acuity. Here one deals with the
minimum detecting sensor in the eye, namely
the cone. In general, the cone can resolve about
1 minute of arc. But several situations change
this limit. For example, if one tries to detect

a single spot, of light within a dark background, ~

it is sufficient for the spot to trigger only one
cone: the human will recognize the spot of light.
The spot in this case may be considerably less
than 1 minute of arc when it is bright enough.
But conversely, a single dark spot in an other-
wise bright field has to be at least 14 seconds of
arc before it can be detected.

Flicker

Cathode-ray tube displays must be
“pefreshed” periodically to produce a persistent
display. The rate of refreshment is a function
of several factors in addition to the persistence
of the particular phosphor in use. The decay in
phosphors is typically exponential. Medium
decay times are of the order 1 to 100 millisec-
onds; there are phosphors with decay times in
the microsecond range, and one slow phosphor
lasts 16 seconds. The problem of flicker in the
display is to provide a repetition rate such that
the viewer effectively sees a flickerless image.

Flicker is more noticeable when the bright-
ness is greater. Thus brightness can be plotted
against repetition rate to indicate minimum
rates for no flicker. In general however, 50 to 60
repetitions per second seems to be a safe lower
limit.

Lower repetition rates are not totally unus-
able, however, because operators are not neces-
sarily bothered by a small amount of flicker.
There is greater tolerance to flicker by older
operators. The only flicker rates to aveid are
those in the 10- to 15-Hz range at which the
flicker is most objectionable. Probably there is a
relationship between this repetition rate and the
alpha rhythm of the brain. It is known that
flicker frequencies in this range may induce
epileptic seizure in those who are susceptible
to it.
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Readability

Readability is a characteristic of type faces
and has been a concern of the printing industry
for a long time. For the English alphabet and
Arabic numerals there are several variables that
affect readability. Sharp-pointed corners on the
symbols tend to make for greater readability
than rounded corners. The height-to-width ratio
should be about 3: 2 to 3: 4 for optimum legibil-
= ity. Similarly, the line widths should be 4, to
1,0 of the heights. The ratios minimize the blur-
ring and fusion at a distance.

Many methods of generating characters do
not yield the best possible shapes. As a result,
confusion can arise between similar shapes such
as b and S, and 2 and Z. When economy some-
what degrades characters, the images can be
improved by making them larger on the display.

Visval Fidelity

In applications in which a display device
depicts a graphical situation, the system is
required to meet certain standards of fidelity.
One of the distortions in the cathode-ray tube
is the pin cushion effect. Another, caused by a
non-linear sweep can stretch or shrink one side
or the other so that all parts of the image do
not appear to the same scale, If the display is
geographical, the fidelity must be at least good
enough to depict the relation among objects on
the terrain truly in the display.

TASK DEPENDENT PARAMETERS

Several parameters of a visual display sys-
tem are determined by the nature and require-
ments of the task. Table II lists typical char-
acteristics of display consoles in various
applications.

Screen Size

The most important considerations in deter-
mining screen size are the size and geometric
disposition of the audience, the format and
quantity of information to be displayed, human
visual limitations, and the availability of dis-
play hardware. The screen size should be con-
sistent with the volume and detail of data re-

quired, who will use the data, and how it will
be used.

Message Size

The message size is a function of the task and
of the human being. The size should not be
greater than the viewer can successfully compre-
hend and utilize. The resolving power of the
system also places an upper limit on it.

Message Format

Many types of information can be displayed
in visual devices. Besides alphanumeric and
symbolic characters, there are vectors, points,
views of map outlines, grid lines, curves, and
area shading. Some data are orderly, as in tabu-
lar work; other data are random, as in maps.
The data may be digital, as with vectors, or
they may be scanned (continuous), as with T'V.
There are also overlays and other combinations
of two or more independent image sources.
When the display operates in conjunction with
a computer, it ought to be able to accept data for
display in digital form.

The degree of freedom of placement and or-
ganization of the data on the screen affects the
bandwidth requirements and the cost of the
equipment. A fixed format is one in which the
various items appear in predetermined posi-
tions; free or random placement allows the in-
formation to be positioned as a function of time
or significance. Greater freedom of placement
brings higher costs.

Coding has advantages. Color is one method
of coding, but most display devices are mono-
chromatic at present. Symbols are another form
of coding. Carefully drawn outlines of ships,
planes, and guns may be more quickly recog-
nized than the spelled-out equivalent English
words. Shape recognition tests indicate that
with practice a human being can recognize be-
tween 200 and 2000 different shapes.

Quantity of Information

This parameter is a function of the task to be
performed, the ability of a human operator to
comprehend and utilize information, and the
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8 VISUAL INFOERMATION DISPLAY SYSTEMS

type, format, and rate of data presentation. A
large quantity of similar information grouped
by logical category and statically displayed can
be comprehended more easily than the same
amount of disassociated, randomly presented,
and rapidly changing data. The quantity of in-
formation displayed on a screen should be con-
sidered in terms of the function of the informa-
tion tempered by the ability of the human
operator to utilize the information.

Response Time

Response of a visual display system is found
in three modes of operation : tracking, updating,
and replying. In the case of tracking, response
time is measured by the time required to dis-
play the current situation. Certain display
methods have inherent delays in their principles
of operation; others are nearly instantaneous
in response.

The response time for updating is measured
by the time required to present fresh data on the
display. The response time for replying is met
in question and answer situations. How long
does it take to get a response after the operator
places a query? This response time should be
less than a second ; it has been found that after
longer response times the operator has become
bored or has forgotten his question.

Erasability

Erasability is a measure of the ability of the
system to expunge data. Some systems can be
said to erase data instantaneously ; other systems
have persistence that makes instantaneous
erasure impossible. Some systems have selective
erasure in which only specific parts of the dis-
play are erased. The task determines the erasure
requirements.

Color

The development of the color TV tube has
aroused hope for the inclusion of color in
non-TV applications. The upper limit of con-
sistent human discrimination is between 10 and
12 different colors, but the present color display
generation methods do not guarantee much

better than six or seven distinguishable colors.

Color raises the problem of registration (i.e.,
the accuracy with which colored areas bound
each other). If registration is important, the
upper limit of the number of different colors
should be four.

Half-fone

The ability of a display system to generate
distinguishable levels of gray is called its half-
tone capability. The term is borrowed from the
printing industry in which gray scale is approx-
imated by modulating the size of regularly
placed dots so that the integrated area of the
black dot and the white background resolves
in the eye as a degree of gray.

No formal method exists for measuring gray
scale, although there is both an objective and
subjective aspect to the measurement. Objec-
tively, a factor of 2- or a 3-db luminance can be
called one half-tone level. Subjectively, humans
can determine a half-tone level as the smallest
noticeable increment of change in brightness.
For contrast ratios of 10:1, there are about 10
discernible shades of gray. The typical TV dis-
play has 5 to 10 levels of discernible gray scale.
Most display systems, however, operate in a
binary fashion in which contrast is the major
factor.

HUMAN BEHAVIORAL ASPECTS

Because the purpose of all visual display de-
vices is to inform a human being, studies of
human beings as they react to display devices
can lead to new understanding of the relation-
ship. Some studies in this area have been made;
more are needed in several areas to gain better
answers. So far the investigations have not pro-
duced much more than intuition would have
indicated. Nevertheless, some observations have
been made that should help in display device
designing.

One of the major problems is the highly
adaptable nature of a human being. If he is
given a device to watch, he tends to accom-
modate and adapt to the particular qualities of
the device. This adaptivity may make even a
poor situation acceptable. But the same adaptiv-
ity makes it difficult to measure the human
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parameters. Research results generally indicate
maximums and minimums. The human being
remains the least understood part of display
systems.

One of the questions that has not been ade-
quately answered is the relative value of various
modes of presentation: visual, auditory, and
tactile. Visual presentation has been the most
widely used mode. Auditory has found some
applications, such as in navigation, in which the
guidance signals once were fed to pilots through
earphones. There is no evidence to indicate that
auditory is any better or worse than visual, pro-
vided the number of independent variables does
not exceed two. Pitch and interval, for example,
are about all the variables a normal human

being can distinguish reliably. If volume be- |

comes variable, the pitch determination becomes
poor. Tactile input has barely been tried.

The size of a display seems to have no effect
on performance except at the most exaggerated
extremes. Strangely, a circular display seems
to be more easily handled than a square one.

The speed of presentation, as intuition would
indicate, is inverse to comprehension: as the
speed of presentation increases, the comprehen-
sion of the data goes down. When following a
moving point, however, the human being oper-
ates more with a phase angle lag than with a
frequency or amplitude error even as speeds
increase.

Brightness, also as one would suspect, has a
broad range of values within which the adaptive
human being is able to succeed. In dim light per-
ception tends to fall, and extreme brightness is
tiring. Tests, therefore, tend only to reveal the
limits between which the behavior of the human
being is satisfactory rather than to indicate opti-
mum points. ,

In nearly all man-machine interfaces some

training is required before achieving best per- '

formance. But training, it must be remembered,
is in reality only taking advantage of the
human’s adaptivity and effectively changing
him to suit the equipment. Indirectly, then, one
might think in terms of designing equipment
so as to minimize the training required. In such
a circumstance, some “optimum” point may have
been discovered that could indicate more specif-
ically the details of the human’s behavior than

Fi1cUre 1.—Eye motion analysis. The individual is be-
ing tested to determine how his eye movement re-
acts to a display. On the left is a small television
vidicon camera that shows the area at which the
subject is looking. On the right is a device that
shines a light on the subject’s eyeball and picks up
the reflection that is superimposed on the field of
view seen by the TV camera.

Ficure 2—Eye motion analysis equipment. The mech-
anism of figure 1 is shown on a dummy in this il-
lustration. The output of the mechanism is trans-
mitted to a television monitor that shows the field
of view of the subject and a spot of light on the
field of view pinpointing where the subject is actu-
ally fixing his gaze. On the right is a TV tape re-
cording mechanism for permanently recording the
results of the experiment.

the mere discovery of the outer limits and
thresholds of his sensory apparatus.

One of the present fields of study is eyeball
motion. In typical tests, equipment is placed on
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the head of the subject to meaure the eyeball and
head motions. The subject is then required to as-
similate data displayed on a screen. Hopefully,
information may be gained about the methods
that various subjects employ when presented
with, for example, a large screen full of various
data. Is there an orderly routing or is it a purely
random scanning? Figures 1 and 2 show the
Eye Motion Analyzer at Griffiss Air Force Base
in New York. Future studies will examine the
effects of color, density, update time, contrast
brightness, size, lack of information, and other

effects that presumably influence a subject’s ca-
pability to handle information presented to him
by visual display devices.
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CHAPTER I

Display System Components

INTRODUCTION

The designer of a visual display system has
a variety of components available from which
he can build his system. Some of them offer him
stability of characteristics and reliability of per-
formance. Other components offer new possibili-
ties, provided he is tolerant of limitations in-
herent in unproven techniques.

The principal device on which most visual
display devices depend is the cathode-ray tube
(CRT). The impetus of commercial television,
plus advances in understanding brought about
through semiconductor research, has pressed the
development of CRT's that offer the designer ex-
cellent performance in black and white and
good performance in color. Performance in both
cases includes various degrees of qualities in res-
olution, brightness, contrast, and cost. Special
variants of CRT-type devices now are finding
limited application in the general field of visual
display devices.

Television is based on the elemental CRT.
Many display applications are completely satis-
fied by standard commercially available TV
sets. Similarly the vidicon television camera
serves as the basic input device in many appli-
cations. The linking of TV to digital computers,
however, has created the digital television sys-
tem in which the continuous scan of the ordi-
nary raster is replaced by dot structures. There
are numerous hybrid developments that make
use of readily available equipment and add spe-
cialized devices to solve some particular problem
or serve some special purpose.

There are limits to the CRT, notably when
large-screens displays are required. So other
techniques are being actively investigated to dis-
play data to a large audience or at more than
usual distance.

For an interactive system, the designer re-
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quires a variety of input devices. Basically, such
devices perform the same functions as pencils
and pens and such common input tools as control
levers and keyboards. When used as input de-
vices they provide an input signal to the system.
The system in turn feeds back a signal to the
operator that indicates what he has done,

CATHODE-RAY TUBE

A wide variety of cathode-ray tubes has been
developed to fill the needs for display devices
ranging from home television sets to airborne
radar systems. The CRT has three parts, a con-
trollable source of electrons or cathode rays, an
electron optical section, and a screen or target.

Cathodes

The electron source in a cathode-ray tube is
called a cathode, hence the name cathode rays.
In the original work on cathode rays by Sir
William Crookes, the cathode was a cold metal
electrode. It was shortly found that a heated
metal surface provides a more copious supply of
electrons per unit area of cathode, but power is
consumed by the cathode heaters and hot
cathodes are shorter lived than cold ones. Efforts
to improve cathode power consumption, life,
and electron emissivity have continued for more
than 50 years.

The surface properties of electron emitters
are subtle. At one time large numbers, and some-
times entire production runs, of vacuum tubes
were discarded because the cathodes mysteri-
ously refused to function. It is now realized
that minute traces of surface contaminants can
damage a cathode. A theoretical understanding
of effects such as this has come from research
in solid-state physics, and it is now possible to
predict, at least in a qualitative way, the per-

1
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formance of some cathodes. Even so, much of
the technology remains empirical in nature. Re-
cent research in cathodes falls into four areas:
cold cathodes, nonstoichiometric compound
thermionic cathodes, oxide cathodes, and pure
metal cathodes.

Cold cathode developments are based pri-
marily on the application of IIT-V compound
semiconductors. These are compounds formed
from elements having three and five valence
electrons, respectively, which, when crystalized,
have properties similar to the valence four ele-
mental semiconductors silicon and germanium.
When the bulk material is given a thin surface
coating of a metal such as platinum or tungsten,
a deformation occurs in the electron energy
bands at the surface that so lowers the electron
affinity of the cathode that room temperature
electrons are energetic enough to cross the sur-
face. Examples are gallium phosphide coated
with platinum or tungsten (GaP/Pt or W) and
gallium arsenide coated with cesium (GaAs/
Cs).

Nonstoichiometric compounds are those in
which the elemental fractions by weight do not
permit formation of pure compounds. In the
crystalline state such compounds have prop-
erties so distinctly different from the pure com-
pounds that the same elements may form in dif-
ferent ratios. This situation is somewhat similar
to that of some binary alloys with a lower melt-
ing point than either constituent. In the case of
nonstoichiometric alkaline tungstates deposited
on tungsten (Sr;WO—~SrWO0./W), low surface
work functions promise high current densities
of the order of 100 amperes per square centi-
meter. This current density is several orders of
magnitude better than is commonly achieved.
Long cathode lives have been achieved (9000
hours), but only with careful exclusion of gases.

The conventional cathode is a triple oxide on
nickle (BaO, SrO, CoO). Current densities of
1 ampere per square centimeter are about the
limit with conventional structures. Recent work
has raised this level to 6 amperes per square
centimeter in special cases, Lifetimes of the or-
der of 1500 hours have been obtained with cur-
rent densities in excess of 1 ampere per square
centimeter. These values, however, apply to tri-
ode structures only.

The stimulus for research into the pure metal
cathode is the thermionic converter. This is a de-
vice to convert heat energy into electrical en-
ergy. Tungsten wire coated with mixtures of
tungsten or tungsten carbide, thorium, and zir-
conium provide current densities up to 80 am-
peres per square centimeter. Temperatures
range up to 1600° C but if lanthanum is sub-
stituted for thorium, temperatures as low as
1400° C are sufficient. These cathodes last as
long as pure tungsten ones.

Eleciron Optics

The electrons emitted by the cathode are
formed into a beam, focused, and then directed
to a target by combinations of electric and mag-
netic fields. Most cathode-ray tubes employ one
of two simple deflection and focusing systems
to direct the beam to a chosen spot on a screen.
One is the magnetic system commonly found in
the television receiver and the other is the elec-
trostatic system commonly found in laboratory
oscilloscopes. The tubes in display applications
sometimes employ more complex systems. Sev-
eral such are described below when specific de-
vices are considered.

Electrons tend to move parallel to an electro-
static field towards the positive electrode. Mov-
ing electrons tend to curl around magnetic flux
lines. Consequently, to deflect an electron beam
in the vertical direction a vertical electric field
is required or, alternately, a horizontal magnetic
field. There are various advantages and disad-
vantages to each system in any particular appli-
cation. Thus, the magnetic system favored in
television provides as a byproduct the high ac-
celerating voltage required to generate the elec-
tron beam. On the other hand, the electrostatic
system is inherently easier to operate at high
speeds, which is one reason it is used in labora-
tory equipment.

Cathode-Ray Targels

The most common cathode-ray target or
screen is simply a cathodoluminescent phosphor
coating on a glass faceplate. Light is produced
wherever electrons strike it. Another example
is the shadowmask color tube screen. In this
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device a regularly perforated screen shadows
an array of phosphor spots. Each perforation
has three spots associated with it to produce the
three primary colors required for a color pic-
ture. The geometry is such that the spot selected,
and hence the color, depends only on the direc-
tion in which the electron beam passes through
the shadowmask. Less familiar are the targets
used for storage tubes and image converters.
These are covered in a later section.

Phosphors

An enormous amount of work is carried out
each year on phosphor research. One manufac-
turer (Sylvania) advertises that its investiga-
tors synthesize and test 50 000 new phosphors
annually. Such a program is concerned with all
the possible excitation modes of the phosphor
including X-rays and ultraviolet light. Out of
the 50 000 only a few cathodoluminescent phos-
phors will be found of significant worth and put
to use. To collect phosphor information, the
Joint Electron Device Engineering Council
(JEDEC) distributes a publication (16A) on
the optical characteristics of CRT screens. Man-
ufacturers may register phosphors by meeting
certain requirements. It is usually possible to
obtain any special CRT with a chosen registered
phosphor.

Registered phosphors are given “P” numbers.
P-4 is the standard black and white television
phosphor. P-22B, P-22G and P-22R are blue,
green and red color television phosphors. A reg-
istered phosphor may be a mixture of phosphors
as is the case with the P-4 phosphor. In this
case, the component phosphors may have Na-
tional Bureau of Standards code numbers.
Thus, NBS 1020 is the code number for the blue
component of the all sulfide P-4 phosphor.
Standard phosphors are available from the Na-
tional Bureau of Standards.

Phosphor research is concerned with the pro-
duction of phosphors with specified properties
such as color or persistence. Conversion effi-
ciency is also a concern. Only a few phosphors,
all sulphides, exhibit efficiencies in excess of 15
percent. Recent research in visible phosphors
has been based almost entirely on rare earth
activated host crystals such as europium—acti-

vated oxides or oxysulfides. New ultraviolet
emitting phosphors, useful for dry film record-
ing, have been found among the lead activated
silicates. One of these is more than twice as effici-
ent as the best previously available UV phos-
phor, P-16.

SPECIAL CATHODE-RAY TUBES

New cathode-ray tube developments are an-
nounced daily and it is not feasible to cover
them all here. We have chosen to describe briefly
some of the NASA-sponsored developments in
this area. Much of the material in this section
was discussed at a seminar open to industry on
Recent Advances in Display Media, sponsored
by the Electronics Research Center of NASA *

Single Gun, Two-Color Tube

A recent development is the use of non-linear
cathodoluminescence to produce color varia-
tions, While most phosphors exhibit a linear
relationship between beam current and light
output, a number have been found for which the
response is non-linear. If a phosphor having a
relatively strong, high-current response and
weak low-current response is mixed with a dif-
ferent - phosphor producing different colored
light and having the opposite current response,
a color variation may be obtained with beam
current. If a green non-linear phosphor is mixed
with a linear red phosphor, the color will shift
from red at low current to yellow-green at high
current. Development of a tube based on this
principle is being carried out under NASA
sponsorship by ITT Industrial Laboratories.

Optical Diode Faceplate

Frequently a cathode-ray tube must be used
in conditions of highly variable ambient light.
A radar screen in a lunar excursion module or
an aircraft cockpit, and a television set on a
beach, present similar problems of contrast. No
good black cathodoluminescent phosphors are
known and a black pigment absorbs emitted

*These proceedings have been published as NASA
SP-159.
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light as well as ambient light. Some partially
successful, high-contrast developments have
been based on transparent phosphors. A new
development is the optical diode faceplate
(fig. 8) developed by Hartmant Systems Inc.,
under NASA sponsorship.

The optical diode faceplate is a four-layer
device. The first layer is a cathodoluminescent
ultraviolet emitting phosphor. The second
layer is an ultraviolet transmitting black filter.
The third layer is a transparent, visible emit-
ting phosphor that is activated by ultraviolet
light. The fourth layer is a transparent ultra-
violet absorbing filter. Ultraviolet light from
the first layer passes through the second layer
into the third where it is vonverted into visible
light and passes through the fourth layer to the
viewer. Ambient light passes through the fourth
and third layer and is absorbed in the second,
while ultraviolet light, which might excite the
third layer, is absorbed in the fourth. If desired,
a quarter wave coating may be given the glass to

reduce reflections. To the observer, the screen
appears black and excellent contrast is obtained
even in direct light. (fig. 3.)

Thermochromic Cathode-Ray Tube

Thermochromic materials exhibit a marked
color change when the temperature passes
through a transition range. When such mate-
rials are used in a cathode-ray tube, the energy
supplied by the electron beam is sufficient to
cause a color change. One experimental tube
employs a mixture of thermochromic material
with a conventional phosphor to provide a dis-
play visible under extremes of ambient lighting.
Thermochromic cathode-ray tubes may provide
an inexpensive, large-screen projection system,
if problems of resolution and response time can
be solved.

Direct-View Storage Tubes

The direct-view storage tube provides one so-
lution to the problem of regeneration encoun-
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Fieure 3.—Optical diode faceplate.
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F1eure 4.—Direct view storage tube.

tered in the use of cathode-ray tube displays
(fig. 4). In the conventional cathode-ray tube,
the electron beam is directed against a phosphor-
coated screen with a resultant prompt produc-
tion of light. The only storage is phosphores-
cence if a long persistence phosphor such as a
P-34 is selected. The lifetime of such an image
is measured in seconds and brightness is at a
minimum. :

A direct-view storage tube, typically, contains
two electron guns and an insulated metal grid.
One of these, the write gun, is provided with a
deflection system so that the beam of electrons
can be positioned in the conventional manner.
The other gun provides a high-current, low-
energy electron beam that, if permitted by the
storage grid, is sufficient to illuminate the view-
ing screen uniformly at high brightness over
its entire surface. The storage grid modulates
the electron flood. Electrons from the flood gun
are collimated to fall perpendicularly to the
grid. Where the grid is negatively charged, the
electrons are repelled and cannot pass through.
Where the grid is relatively positively charged,
electrons can reach the screen. The grid is suf-

ficiently negative at all points to prevent flood
gun electrons from ever reaching it.

To erase the image, the metal grid is raised to
a positive potential so that flood gun electrons
are attracted to the insulation until no more
charge will collect. The original charge distri-
bution is thus erased. A negative pulse then is
applied ¢o the grid which, because of the ac-
cumulated negative charge, becomes negative
and entirely blocks flood electrons from reach-
ing the screen.

Images are painted with the write gun in a
conventional manner. The energy of the write-
gun beam is currently controlled so that when
directed at the negatively charged grid, it has
sufficient energy to reach it and cause secondary
emission of electrons. The areas written upon,
therefore, become relatively positively charged
and flood gun electrons can pass through the
grid.

Scan Converters

The storage-tube principle may be applied
to the problem of scan conversion. In this type
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of operation, an image written on a grid by
stroke writing or shaped-beam techniques may
be scanned out in the form of a television raster.
It is also possible to convert radar images or
different scan or raster systems into standard
form presentable in inexpensive television
monitors.

‘When used as a scan converter, the tube is al-
tered by replacing the electron flood with a
scanning beam. The beam is detected as it pene-
trates the grid. In some cases only a single
gun is required. For radar conversion, a two-
gun coaxial geometry is often used. The grid is
placed in the middle with a gun on each side
pointing in opposite directions. This arrange-
ment allows continuous operation of both beams
and simplifies the use of magnetic deflection for
the radar image.

SYMBOL GENERATORS AND VECTOR
GENERATORS

The cathode-ray tubes described in the previ-
ous section require electronic control and, in
most cases, storage of information in order to
form an image. In this section some of the more
common ways in which this is accomplished
are described, In many systems one or more
methods may be combined. Occasionally, two
or more guns may be contained within a single
envelope. More commonly, a single gun is time-
shared. For instance, if the primary image is
a radar picture with a slow sweep, the beam
may be borrowed for a few microseconds at
intervals in order to draw vectors or symbols.

Dot Matrix Character Generatfion

Dot matrix characters are commonly used
with discrete arrays of elements. They are com-
monly seen in advertising displays and race-
track odds boards. Characters are formed by
selection of data from a rectangular 5 X 7 or
7 X 9 array of dots. Smaller arrays are some-
times used when only a few symbols are needed.
In the case of discrete displays, each dot is rep-
resented by an active element such as an in-
candescent light bulb. Each element is usually
connected to a switch (electronic or mechanical)

that is controlled by a perforated tape or
manually.

‘When employed with a cathode-ray tube, the
dot matrix system first positions the beam to
the character location and then moves it in-
crementally and allows it to dwell on each spot
position in the array in a definite sequence. The
sequence may be controlled by electronic count-
ers. For each spot position, the character gen-
erator contains a storage unit containing a
single storage bit for each symbol to be dis-
played. The character code supplied by the in-
formation source is decoded to select the cor-
rect storage bit, and the information content
determines whether the beam should be turned
on. Dot matrix characters tend to be less well
formed than those of other methods, although
this is more a matter of practice than of
principle.

Stroke Generators and Vector Generafors

In the stroke-writing technique, the beam is
positioned initially and then allowed to move
in short straight line segments from one se-
lected position to the next. Voltages to position
the beam are established by a counter-selected
resistor or diode elements that apply new X
and Y voltages to the deflection circuits. A third
resistor determines whether the beam should be
on or off. In this method, a different set of re-
sistors or diodes must be selected for each dif-
ferent symbol produced.

In a variation of the above technique that is
sometimes encountered, the beam follows a fixed
route with selected segments being switched
on in transit. With this technique the expense
is reduced, but the method is slower and the
character poorer than with the independent
method.

Monoscope Character Generaior

The monoscope is a special cathode-ray tube
that contains a target anode. The anode is
printed, engraved, photo-etched, or inlaid with
a character font usually arranged in a square
array. The electron beam is indexed to the posi-
tion of the selected character and then low-
amplitude, high-frequency X and ¥ scanning
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voltages are applied. Secondary emission from
the character is detected to produce a video
signal. .

In use with a display tube, the display beam
is indexed to the desired position, often with
magnetic deflection, while the X and ¥ scan-
ning voltages electrostatically perturb the beam
position in synchronism with the monoscope
beam. Character formation with the monoscope
is excellent and any desired character may be
formed easily.

Shaped-Beam Tubes

Shaped-beam tubes produce characters by
passing a broad collimated electron flood
through a mask for character formation and
then deflecting the beam to the selected location.
Deflection systems are required first to select
the mask opening; then to compensate for this
deflection and correctly position the beam on
the screen. Good quality results are obtained.
The shaped-beam tube has found considerable
application in television systems, photographic
recording systems, and hard-copy generators.

STORAGE UNITS AND REGENERATION

Except for storage tubes or photographic re-
cording systems, the information displayed on
a cathode-ray screen must be continuously re-
freshed from a storage device. The uniform
image observed by the viewer depends upon
persistence of vision and to some extent phos-
phorescence of the sereen, while the electron
beam is time-shared among all the symbols or
picture elements present.

The basic repetition rate depends upon the
factors of brightness and background illumina-
tion among other considerations. The commer-
cial television frame rate is 30 frames per sec-
ond, interlaced two to one. Close examination
reveals a noticeable flicker in many cases on
the individual lnes, although observation from
a distance conceals it. To avoid flicker, a char-
acter generator must be supplied with data at
a sufficiently high rate from the storage unit.
The amount of data required depends on the
system.

Symbols may be plotted in a specified loca-
tion in which case position coordinates must also

be supplied. This practice is common in radar
applications when only a small amount of in-
formation may be plotted. When the primary
display is textual information, it is common to
maintain one-for-one correspondence between
memory locations and .screen locations. In this
case, coordinate information is not required.

Computer-connected display systems require
storage separate from that provided by the com-
puter whenever the display access requirements
adversely affect computer performance or when
remote communication problems limit the access
rate. Display consoles used in airline reserva-
tion systems or in stockbrokers’ offices commonly
have storage units of a few hundred characters
and communicate over ordinary telephone lines.
Acoustic delay lines may be used to provide
the storage. In some cases where several con-
soles share a common comunication line, a com-
mon magnetic core storage unit is provided. The
display storage unit sometimes serves as a mes-
sage buffer unit for printers or for input key-
boards when two-way communications are
involved.

TELEVISION SYSTEMS

At the NASA Manned Spacecraft Center in
Houston, an extensive closed-circuit television
system provides the operators of the Mission
Control Center and supporting groups with an
extremely flexible information system. Static
and dynamic data are optically mixed and the
combined image is transmitted by means of tele-
vision to a television switching matrix. In addi-
tion, TV cameras monitor line printers, XY
plotters with launch data, and teletype equip-
ment carrying data such as weather reports and
status of recovery forces. Commercial television
and other live-action television is supplied to
the system as well.

Television also monitors activity in the com-
puter room, particularly by remote operators, to
determine which tape handlers or other pe-
ripheral devices are in use during program
debugging.

Digital Television

The term digital television refers to the pres-
entation of an artificial digitally composed tele-
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vision raster. Each TV line is divided into a
specified number of picture elements and a bit
of storage is provided for each element. The
storage bits are accessed sequentially in syn-
chronism with the television sweep to present a
picture.

Storage units for digital television typically
are either magnetic drum or magnetic core stor-
age. The core units offer the advantage that pic-
ture composition may be carried out readily
without regard to access time. Frequently, a
single magnetic core storage unit is updated by
the computer and then transferred into separate
drum storage units maintained for each individ-
ual display channel. For example, this method
has been adopted by the Federal Aviation
Agency for the Advanced Radar Tracking
System at Atlanta.

A color, digital-television display system
(DTDS) has been developed for NASA by
Phileo Corporation. The DTDS produces a
729-line, high-resolution, dot matrix TV format
ih seven colors. The system allows static back-
grounds to be stored digitally and combined
with dynamic computer information in an as-
sembly core memory. The backgrounds are
stored in a random-access magnetic tape storage
unit. The DTDS provides eight independent
channels, which are refreshed from magneto-
strictive delay-line loops. Each channel stores
746 496 bits in 16 loops. The delay-line storage
recirculates one per frame time. The portion of
the storage that coincides with the horizontal
and vertical blanking periods during sweep re-
turn and synchronization is used for special
storage of computer words.

Hybrid Systems

At the George C. Marshall Space Flight Cen-
ter, the Stromberg-Carlson charactron display
units provide graphic and textual data to a TV
distribution system. The charactron is a shaped-
beam cathode-ray tube that is available in a
variety of forms. Automatic slide projectors
provide background images by direct projection
on the tube face from the front. A similar sys-
tem is in use at the Manned Spacecraft Center
in Houston. Other TV cameras monitor digital

and analog plotting equipment or teletype
equipment at both sites.

Hybrid systems offer the advantage of rela-
tively low cost, but the resolution desired in
many applications is difficult to achieve. In
digital television, a lower number of TV lines
and coarser horizontal resolution permit dis-
play of small characters, because the picture
elements fall exactly on the lines, whereas in the
analog scan, they may fall between the lines or
be too narrow for resolution. In a recent experi-
ment at the NASA Electronic Research Center
in Cambridge, Mass., a small perturbation to
the sweep effectively doubled the number of
lines through the visual merger of consecutive
slightly displaced rasters. A substantial im-
provement in vertical resolution was noticeable.
This and other bandwidth-conserving tech-
niques are under study in connection with TV
monitoring of space activities.

LARGE-SCREEN DISPLAYS

Large-screen display techniques have devel-
oped largely from military command and con-
trol requirements. The history of the inade-
quacy of large-screen displays is long and well-
documented. In spite of ingenious research, no
really successful technique has yet been devel-
oped that is suitable for all large-screen display
applications. Because detailed parameters based
on human factors, the mission task, and equip-
ment availability have often not been clearly
defined, large-screen display systems have not
been as effective as desired. A discussion of the
optimum parameters of a large-screen system
and a review of current large-screen display
technology may prove to be helpful in this
regard.

Large-Screen Display System Porameters

The optimum parameters of a large-screen
system can be determined by analysis of the
function that the display system is intended to
perform. A large-screen display may be desir-
able when several men are required to view the
same information simultaneously, when these
men must interact as a group, when these men
are required to perform tasks other than observ-
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ing the display, and when they must view the
display from a distance.

The parameters pertinent to a large-screen
display system can be described in terms of (1)
the human function and (2) the task to be
performed. These parameters are discussed in
chapter I.

Large-Screen Display Technology

The purpose of this section is to review large-
screen display technology in terms of both pres-
ent capabilities and current developments so
that potential users of computer-driven large-
screen display systems can relate their needs to
realistic existing technology. Standard slide
projector, movie machines, and manually oper-
ated tote boards are not considered, nor are
techniques that hold little promise for the near
future such as electrostatic imaging, reflective
or transmissive matrices, scribing techniques,
and photo-conductive diffraction.

Film Projection—Direct Photography

Direct photography of the face of the cath-
ode-ray tube and subsequent standard optical
projection of the image is the most satisfactory
technique in use today. Film exposure and de-
velopment time is about ten seconds. Color is
attained by exposing three film patches, each
representing a primary color. Projection
through a combination of three color filters then
completes the color process. .

This technique has several distinct advant-
ages: (1) most importantly, it works; (2)
brightness is limited only by the optics and light
source; (8) if properly aligned, resolution is
as good as the CRT image; and (4) because a
continuous picture is inherent with a film frame
projection system, no flicker problem exists.
The fact that a permanent record of each pie-
ture is produced is a somewhat dubious advan-
tage. A recall mechanism is needed and an elab-
orate frame record must be kept if past frames
are to be viewed. In addition, the projection
equipment is tied up during recall and, once
the film spool is replaced, recall becomes im-
practical.

The disadvantages associated with this tech-
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nique may make it obsolete for future systems:
(1) The 10-second time delay for exposure and
processing limits the technique’s usefulness to
slow-update display applications. (2) The film
and chemical processors are expensive because
the film frame cost is high (5 to 40 cents each),
the film cannot be reused, and the system wastes
film. About three frames must be used for leader
between each good frame. (8) The complex,
electromechanical nature of the equipment re-
quires careful and expensive maintenance.
(4) The wet processing imposes undesirable
servicing problems brought on by the corrosive
nature of the chemicals. (8) The three-color
filter overlay technique presents resolution prob-
lems. If perfect alignment of the three projec-
tion lens system is not maintained, a shadowy
effect is produced. (6) Large quantities of film
and chemicals must be kept on hand, creating
a logistic problem of prohibitive proportions in
tactical-mobile applications.

Continuing efforts to improve the direct pho-
tography-projection method may extend the life
of this large-screen display technology. Several
attempts have been made to perfect a dry proe-
essing technique, but none has proved successful
for high-speed applications. By means of 4 mov-
ing mirror that alternately brings the CRT
image and optics into position with the film, a
nonmoving film, film-saving technique was de-
veloped. Another manufacturer has developed a
fairly successful multicolor, reusable film loop
in an effort to save film. In the latter instance,
the film is cleaned after each use. Advances in

-film processing methods can be expected to re-

duce the long processing time to a more accepta-
ble level. Although these improvements may
extend the life of the technique, no really signifi-
cant improvements are expected in reducing in-
stallation and maintenance cost, or in reducing
update time to a level acceptable for real-time
tracking applications.

Photochromic Film

Photochromic materials change color when
exposed to one color light and revert to their
original state when exposed to another color.
For still other colors they may be completely
unaffected in either state. Photochromic display
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systems use the properties of photochromic ma-
terials to form a photochromic film which serves
as a light value. Light from a CRT exposes and
darkens the film which is then projected on a
screen with visible light in a conventional man-
ner. Another light source or a beam of light can
be used for erasure.

One such device consists of a cathode-ray tube
with a phosphor that emits ultraviolet light. A
piece of photochromic film is exposed to the
tube face and the image is transferred directly
to the film. To project this image a dichroic mir-
ror is placed between the tube face and the pho-
tochromic film. The dichroic mirror passes the
ultraviolet but reflects ordinary light. If a source
of ordinary light is directed at the film-mirror
combination, the reflected image on the film can
be passed through a lens system and focused
on a large screen. The illumination of the large
image is independent of the original cathode-
ray tube image. The film can be erased by di-
recting the light from an infrared or heat source
onto the film.

The advantages of this technique make it one
of the most promising for future practical ap-
plications. (1) The film, which costs only about
5 cents per 3-by-4-inch frame, is reusable. Film
life of 8 hours has been demonstrated. (2) All
of the disadvantages of wet processing are elimi-
nated. (8) The mechanical simplicity of the de-
vice reduces maintenance. (4) The essentially
molecular process can attain very high resolu-
tion. Better than 1000 lines per millimeter is
claimed. (5) Because the photochromic material
can be applied in a thin layer on the surface of
a film or plate or dispersed through a volume of
solid material, great flexibility in utilization
may be realized. (6) Real-time tracking is pos-
sible by writing with multiple light beams on
one common surface. (7) By adding an extra
infrared light beam, selective erasure becomes
possible.

Several disadvantages associated with the
photochromic technique keep it from being the
solution to all large-screen display problems. (1)
Irreversible changes accompany the rapid tran-
sition from the clear to the opaque state and
back, and thus reduce contrast. The loss of con-
trast eventually terminates the useful life of the
material. (2) Because of losses in the dichroic

mirror system, light levels are lower than those
possible with direct photographic, wet process-
ing techniques. (8) High-speed symbol writing
is not presently possible because of the high
amount of energy required to change the state
of the photochromic material. Discovery of new
materials may alleviate this problem. (4) The
negative track (black on white) image forma-
tion principle negates the possibility of using
additive techniques to produce multicolor pic-
tures. Although subtractive techniques could be
used to produce multicolor displays, alignment,
contrast, and registration problems arise. If new
white-on-black materials could be incorporated
into the system, this problem would no longer
be an obstacle.

Qil-Film Systems

The distortion produced on an oil-film sur-
face by the action of a scanning electron beam
forms the basis for the oil-film projection sys-
tem. The oil film is spread on a solid conductive
surface in an evacuated tube. Electrons striking
the oil surface cause an electrostatic deforma-
tion at their points of impact: The deformation
is proportional to the intensity of the beam. A
scanning electron beam leaves a deformed pat-
tern corresponding to the intended image. An
external light source passing through or re-
flected from the oil film is refracted by the de-
formed areas. The amount of light refracted is
proportional to the depth of the deformation.
Light striking undistorted areas of the screen
is reflected back to the light source. An optical
lens system then forms and enlarges the white-
on-black image and directs it to the screen. An
oil-film projection device (Eidophor) distrib-
uted by Theatre Network Television, Inc., is
being used now in both commercial and govern-
ment applications.

When properly tuned, oil-film large-screen
display devices demonstrate several impressive
characteristics. (1) Resolution of 1000 television
lines or better is achievable. (2) A newly devel-
oped color technique that involves the differ-
ences in diffraction of the various wavelengths
of light as they are reflected from the oil film
has eliminated earlier color-smearing prob-
lems. (3) The brightness of the display is satis-
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factory for most uses. (4) The system can
dynamically display true real-time moving
targets.

The greatest problem with oil-film projection
systems is caused by contamination of the
cathode by the oil. This contamination seri-
ously limits cathode life. Adding turret-
mounted cathodes only partially resolves the
problem. The limited cathode life discourages
the use of this type of equipment in many mili-
tary applications where reliability factors are
critical.

Deformable Plastic Tapes

The principle of operation of the deformable
thermoplastic technique is similar to that of the
oil film method except that the surface charged
by the electron beam is heated to form the de-
formed areas. Light passed through the de-
formed tape projects the image onto a screen.
To react to the electron beam the tape must be
used in the vacuum of the electron tube. Another
approach that places photoplastic tape on the
outside of the tube but deforms the tape with
an intensity modulated light beam may resolve
this problem. Because of the diffraction nature
of the thermoplastic and photoplastic materials,
special optics, such as schlieren optics, are nec-
essary for readout. The resolution of present
thermoplastic systems is limited to 40 lines per
millimeter. The comparatively short processing
time of this technique is the main attraction.

Discrete Elements Display

A number of techniques exist to provide
large-area arrays of discrete elements. Discrete
arrays have been in use for many years in ad-
vertising displays. Many of those in Times
Square in New York City and similar areas
are based on discrete arrays of lights. T'wo de-
velopments that are becoming increasingly im-
portant are electroluminescent and plasma, dis-
charge cells.

There are two principal types of electro-
luminescence: field-effect electroluminescence
and carrier injection electroluminescence. Field-
effect electroluminescence is the excitation of a
phosphor by a varying electrostatic field. A

familiar application of the effect is in night
lights for hallways and children’s rooms. Cazr-
rier injection electroluminescence arises from
the recombination of positive and negative
charges in semiconductors. It is a steady-state
phenomenon and devices using it are compatible
with solid-state and microelectronic components.

Plasma discharge cells fall into two cate-
gories: those containing internal electrodes and
those having external electrodes. The internal
electrode plasma discharge cell directly con-
ducts electricity. The external electrode plasma
discharge cells require a varying electrical field
for excitation and operate through capacitive
coupling.

The phosphors used in field-effect electro-
luminescence are similar to those described pre-
viously for cathode-ray tubes. The same re-
search programs usually test each new phosphor
for many excitation modes, including electro-
luminescence in which light is emitted when
the phosphor is exposed to a changing electric
field. The light intensity depends upon the
frequency and amplitude of the change. Two-
dimensional arrays are activated by selection
of intersecting row and column conductors so
that the element between receives a larger ex-
citation than its neighbors.

As described, the array must be repetitively
scanned, because there is no storage in the ele-
ment. Photoconductive elements can be com-
bined into the array that use light from the
element to maintain current through it. These
units are less reliable than purely electrolumi-
nescent elements and have catastrophic failure
modes. Also, the arrays are sensitive to room
lighting unless special multiple element struc-
tures are employed. The photoconductive-ele-
ment/electroluminescent-element combination
has been used as a light amplifier and it may
be used in future large-screen projection sys-
tems to intensify weak projected images.

‘When limited to a single dimension, electro-
luminescence has been applied to aircraft instru-
ments of the vertical bar indicator type. An in-
strument of this type developed for the Ames
Research Center of NASA by Aerospace Prod-
ucts Research Corp. is shown in figure 5. For
instrument applications electroluminescence of-
fers the advantage of being solid state with no
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FIQURE 5.—Electroluminescent altimeter scale. Electro-
luminescent elements in a one-dimensional array
provide a linear readout in this altimeter. Electro-
luminescence also provides selective control of al-
phanumeric information on the instrument face.

moving parts. In all applications the failure
mode of electroluminescent elements is gradual
with end of life being marked by deterioration
below a specified level rather than a sudden ex-
tinction.

Carrier injection electroluminescence is ex-
hibited by light-emitting diodes and other semi-
conductor elements. At present these devices
have been used primarily in small arrays for
the production of single characters. One appli-
cation has been the generation by dot matrix
of serial numbers to identify photographic rec-
ords. Other applications use the good frequency
response characteristics in combination with
photosensitive elements to perform special logi-
cal or electronic functions.

Electroluminescent lamps are not limited in
shape and form. No projection equipment, and
therefore, no throw distance is required. The
size of the display is limited by the physical
problem of exciting, switching, and controlling
large numbers of discrete illuminated points.

When used for large displays, a large number
of discrete elements must be individually con-
trolled. Segmented elements can be fabricated
as point light sources or as shaped light forms.
Individually segmented elements can be ar-
ranged in a fixed format and can display rigid
alphanumeric information. Arranged in bar
form, the segments can indicate air or ground
traffic flow, communication link status, or in-
dustrial process flow.

A crossed grid approach can be taken to pro-
vide a more flexible display unit, and therefore
a system more applicable to a variety of applica-
tions. In this method, an electroluminescent lay-
er is placed between two sets of electrodes. Each
set contains a number of parallel conductors.
The two sets of electrodes are orthogonal. By
applying a voltage to a pair of 2 and y con-
ductors, a small spot of light can be produced
at a predetermined point. Current technology
permits about 50 lines per inch or about 2500
elements per square inch. About 100 lines per
inch is considered feasible.

At first glance, electroluminescent techniques
appear to be the simple solution to many of the
problems encountered with large-screen projec-

. tion systems. Many difficulties in the basic sys-

tem, however, must be solved before this
technique will find general application to large-
screen displays. Problems with brightness, con-
trast, switching complexity, memory, voltage
requirements, and multicolor limit the useful-
ness of this approach. (1) Brightness in large-
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screen applications suffers because of the diffi-
culty in supplying sufficient excitation voltages
to a large number of discrete points at the rate
needed to prevent display flicker. In an 8-by-8-
foot display, with 50 lines per inch, or 2500
points per square inch, approximately 23 million
light points would need to be excited 30 times
each second. (Thirty frames per second is
considered a standard rate for flicker-free dis-
plays.) The scanning becomes so rapid that
discrete-point pulse duration is not long enough
to energize each spot to adequate brightness. (2)
Contrast becomes poorer as point or line density
increases. Overlap of electrical field caused by
the basic electroluminescent capacitive effect
and the cross-grid geometry further decreases
the contrast. If enough points are plotted, it
becomes impossible to distinguish between se-
lected areas and background areas. (3) Switch-
ing complexity grows with screen size. A switch-
ing and line driver circuit is required for each
X-Y grid line. Even if a block approach is used,
the total number of components needed to dis-
play complex, high-resolution information ex-
ceeds practical price and reliability limits. (4)
The basic system has no memory capacity.
Therefore, data must be supplied at a suffi-
ciently high rate to prevent flicker or a mem-
ory element must be built in. If the direct re-
fresh method is chosen, expensive external
storage is required. To build in memory, a num-
ber of techniques have been tried. Photocon-
ductive elements placed behind each resolution
element induce a light-reactive feedback voltage
to keep the desired spot excited. Light striking
the photoconductive cell reduces its resistance
and thereby permits an external voltage source
to reach the desired electroluminescent element.
In addition to overcoming the memory problem,
the photoconductive cell also improves bright-
ness and contrast. By adding another compo-
nent, however, the system reliability falters,
resolution lowers, and cost increases. Because
photoconductive cells do not switch resistance
instantly, the maximum rate at which informa-
tion can be displayed is also limited. (5) An-
other problem with the cross-grid approach is
the high-voltage requirement. The use of tran-
sistors is limited because required voltage levels
often exceed the 100- to 150-volt transistor

range. (6) The final problem involves color.
Depending upon the phosphor selected, a vari-
ety of colors for an individual element can be
chosen initially.

A recent development for the Electronic Re-
search Center of NASA by Huyck Systems
Company has been a new class of high-contrast
display elements. The element uses internal re-
flection combined with fluorescent regions in a
light pipe to produce a full-color display. High
contrast is achieved since light entering from
the front passes through the fluorescent regions
and is lost. The fluorescent dyes are excited
from the side by electroluminescent elements.
Brightness and number color depend on the
depth of the element.*

Plasma discharge cell arrays may be con-
structed with either internal or external elec-
trodes. Those with internal electrodes resemble
arrays of neon bulbs. They can be selected on a
row-column basis and each cell has storage ca-
pability so that scanning for regeneration is not
required. Individual cells must be isolated elec-
trically by resistors or other means and each
cell requires space-consuming sealed electrodes.
For these reasons and because of gradual dark-
ening caused by electrode bombardment, large
arrays of internal electrode plasma cells have
so far been exhibited only in experimental
models.

A promising plasma discharge cell technique
motivated by the needs of the PLATO program
discussed in chapter V has been developed by
the Coordinated Science Laboratory of the Uni-
versity of Illinois. This development employs
external electrodes in a crossed grid configura-
tion. Between each intersecting pair of trans-
parent electrodes is a small, sealed, gas-filled
cell etched into a thin glass plate. Cells are se-
lected by applying a pulse to the appropriate X
and Y electrodes. In addition, an alternating
voltage, sufficient initially to sustain conduction
and initiated by the selected pairs, is applied be-
tween the set of X and the set of ¥ electrodes.

When the cell is in a non-conducting state
the sustaining voltage has no effect. If a selected
pair of electrodes is activated so as to add to

* See Electronie Design, Feb. 1, 1967.
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the sustaining voltage, the cell breaks down and
conducts. During conduction, electric charge is
deposited on the opposite cell walls and causes
the impressed voltage on the gas to be reduced
until extinction occurs; that is, the cell becomes
polarized. During the next half cycle the sus-
taining voltage is in the opposite direction, add-
ing to the polarization voltage across the cell,
which now breaks down in the opposite direc-
tion. After a few cycles the cell comes to equilib-
rium and remains in a conducting state there-
after. The cells may be extinguished individ-
ually or the entire display may be erased as
desired by various means.

Linear cell densities of 40 cells per inch have
been achieved, and densities of 100 per inch ap-
pear to be possible. It is still necessary to pro-
vide separate X and ¥ decoders and consider-
able work remains to be done, but the plasma
display panel offers great promise of providing
a useful alternate to the cathode-ray tube. This
promise will be particularly appreciated in re-
mote applications in which access to cheap bulk
storage may not be possible.

MAN-MACHINE REACTIVE INPUT DEVICES

Communication between man and machine in
a real-time environment is becoming more im-
portant as the complexity and capabilities of
computing systems increase and our needs for
automation grow, To solve problems of interest
to human beings, efforts should focus on systems
in which man and machine can cooperatively
make up for each other’s deficiencies in problem-
solving capacity and at the same time maximize
the advantage peculiar to each. The human
sensory, intellectual, and motor faculties permit
reaction to a wide range of dissociated stimulus.
Man’s ability to analyze large quantities of data
rapidly, however, is often severely limited. It is
this area that computers can serve to the best
advantage. In attempting to combine the best of
both man and computer, the problem has been to
take advantage of man’s-unique ability to inter-
pret information subjectively and at the same
time to present the same data to a computer in
a digitally simplified form that the computer
can digest.

A number of devices can be used as the

media for entering data into a computer. These
include punched cards, paper and magnetic
tape, and several reactive type input devices
such as keyboards, request panels, function
switches, light pens, joysticks, and tracking
balls. Here the real-time reactive input device is
of most interest. (See table ITI for a brief list
of application areas versus applicable input
devices.)

Before a potentia] user of a display system
selects a display control and data input tool, he
should consider the primary function for which
the device is intended. Having defined the pri-
mary function, one can proceed to determine the
characteristics most desired in an input tool,
what display control devices are awailable,
what are the characteristic advantages and limi-
tations of each, and what combination of devices
will be most useful in the given application.

Reactive data-input, data-control devices are
used for several distinet purposes:

(1) Input of variable length textual infor-
mation.

(2) Input of manually traced, pictorial in-
formation.

(3) Input of preformatted fill-in-the-blank
messages.

(4) Selection of expanded data on items of
particular interest.

(5) Creation of free-hand sketches of pic-
torially represented information.

(6) Conveyance of formulas for problem
solution to a computer in computer-problem-
oriented or machine-oriented language form.

(7) Selection of an item from an array of
functional choices.

(8) Selection of stored data base informe-
tion.

No one reactive input device has character-
istics broad enough to accommodate successfully
this range of applications. Reactive input de-
vices, however, should have the following basic
characteristics:

(1) They should be designed so that an
operator can easily learn to use them and they
should relate readily to the most common of all
design tools, the pencil and paper.

(2) They should not require an elaborately
controlled physical environment or a complex
installation interface.
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(8) They should require minimum program-
ming support.

(4) They should be cost effective. This state-
ment may border on the trivial, but hardware
and software interface costs, when added to
the price of the input device itself, may ex-
ceed justifiable limits.

Reactive computer/display input devices fall
into five general categories: keyboard, function
switch, beam sensitive, X-¥ grid coordinate,
and potentiometer. Considerable progress has
been made recently in perfecting reactive input
devices. The most significant are described
below.

Keyboard

The standard typewriter with computer in-
terface modifications is the most common on-
line, computer-input, display-control device.
Wherever a requirement exists for rapid textual
information input, the keyboard can be a valu-
able aid. Because the usefulness and limitations
of the keyboard are commonly known, its de-
tailed design, applications, advantages, and dis-
advantages will not be discussed here.

Function Swiich

Function switches are normally used to sup-
plement pointer and data entering input de-
vices. When an operator depresses one or several
of these switches, a specific action request is
sent to the interfacing computer or display pro-
cessor. For example, in a text editing system
an operator could indicate a space with a point-
ing device, type a word on a keyboard, and de-
press a function switch labeled INSERT. If
the function switch is controlled by a computer
program, the meaning of the switch can be made
different for each program being run.

The biggest problem with function switches
arises when the operator must select the appro-
priate buttons from a large number of com-
binations. The problem can be largely over-
come in several ways. One may color code the
switches and arrange them according to related
tasks. When several switches need to be selected,
the first can light up a restricted number of but-
tons that limit subsequent choices. Finally, a

prudent selection of self-explanatory labels re-
sults in less confusion when the meaning of the
switch is changed.

Beam Sensitive Type

Light Pen

One of the most familiar devices for on-line
graphic input is the light pen. One design con-
sists of a fiber-optic bundle that terminates in a
photomultiplier tube. Light from the face of a
CRT display enters the pen through a simple
shutter that opens when a button on the pen is
depressed. When light comes within the field of
view of the light pen, pulses are generated
by the photomultiplier. The position of the pen
on the tube face may be determined in several
ways. In one approach, a special symbol, usu-
ally an open cross, is positioned on the screen,
then acquired by the light pen. As the pen is
moved to the desired position, the cross follows
it via an optical servo system. The direction of
travel is sensed by determining which of the
four cross arms was last seen by the pen. In
another approach, the position of the pen is
determined by synchronizing the position of a
high-speed, continuously scanning CRT beam
with impulses generated when the light pen
senses light. Depending upon the option desired,
the light pen, in combination with function
switches, can be used to draw lines, select a spec-
ified information point, or track a moving
target. The pen can be employed to simulate
function keys or simulate an alphanumeric
keyboard.

The principal disadvantage of the light pen
is that complex tracking algorithms are
required to determine pen position, particularly
when the pen is used for sketching because the
programming (or hardware) interface becomes
complicated. In addition, the comparatively
wide field of view of the light pen limits its
accuracy. Overshooting or undershooting a
moving target while tracking is common. Speed
of response is often said to be the primary
advantage of the light pen, but some of the
newly developed X-Y coordinate and poten-
tiometer types are just as fast. Provided a light
pen is used only to indicate an item from a dis-
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played array, in which programming or hard-
ware interface is simple, the light pen input
system is competitively priced with other input
systems.

Beam Pen

The beam pen detects the presence of traces
on the cathode-ray tube by capacitive pickup
and may be applied in much the same way as the
light pen. Design work began on the beam pen
as an approach to overcoming the compara-
tively low-light reactive speed of the Iight pen.
To display complicated flicker-free pictures
with modern computer display systems, it is
normal to display points about every 2 micro-
seconds, but it was found that it was difficult to
distinguish among points displayed so closely
in time even given the fastest available photo-
multiplier tube (light pen). Beam pens now
under development can respond to significantly
higher display rates. The beam pen is competi-
tive in simplicity of design and cost to light
pens and is insensitive to ambient light. The
poor resolution of the beam pen does not appear
to be an insurmountable engineering obstacle,
but its current 1.5-inch diameter field of view
prohibits application where detailed images are
important.

X-Y Grid Coordindafe Type

Rand Tablet

The Rand Tablet, a graphic input device that
has recently become commercially available,
consists of an X-¥ plane of conductors just
below the surface of a writing area and a capac-
itive sensing stylus containing a high-gain
amplifier. Each X-¥ line is fed an identifying
10-bit serial pulse train. When the stylus is
positioned on the writing surface, it interro-
gates the closest X—Y pulse train thereby deter-
mining its position. Because the stylus need not
touch the writing surface to operate, hard-copy
tracing is possible. The Rand Tablet enjoys fast
response and offers high accuracy. It is easily
interfaced to a computer and the basic operat-
ing software is not complicated. If the tablet is
combined with any one of several standard
computer display units, the costs for display
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generation and refresh hardware and/or soft-
ware requirements increase. A primary limita-
tion of the Rand Tablet is its high cost, which is
contributed to by its intricately complex manu-
facturing specifications. Another limitation is
the small size of the tablet. The size prevents a
draftsman from using the tablet to work with
large drawings or blueprints.

Pressure-Sensitive Encoder

Because of the incompatibility of the light
pen with hard-copy work, a number of other
devices have been developed. One of the more
promising is the pressure-sensitive encoder. In
this device two sets of parallel conductors are
arranged orthogonally. One set is recessed in a
glass epoxy substrate while the other set adheres
to a sheet of mylar film. The pressure of an
ordinary writing tool, such as a pencil, estab-
lishes electrical contact between the two X-¥
conductors. Present pressure-sensitive encoders
have a small 2- by 5-inch working area and have
relatively low resolution of 82 lines per inch.
No engineering design or manufacturing diffi-
culties, however, prevent larger and higher
resolution units from being built. The output
of the pressure-sensitive encoder is digital so
that direct computer interface is simplified and
software position calculations are minimized.
Like most other non-CRT-beam-sensing devices,
this unit may operate independently of display
equipment.

Voltage Pencil (Light Pencil)

The voltage pencil resulted from efforts to
overcome positioning and tracking difficulties
associated with the light pen. The desired dis-
play location is specified by touching a conduct-
ing probe to an electrical grid that is placed
over the face of the cathode-ray tube. The grid
is made transparent to pass emitted light.
Voltages are applied to the outside ends of the
grid conductors so that the probe picks up
analog voltages proportional to the horizontal
and vertical coordinates of the point being
touched. The voltage pencil has lower resolution
than the light pen and is more difficult to
manufacture.
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Lincoln Wand

The Lincoln Wand is presently being tested
for inputting display data by referencing a
three-dimensional coordinate system. Four
ultrasonic transducers positioned around the
periphery of a display area sequentially trans-
mit pulses that are detected by a sensitive micro-
phone in a hand-held wand. A digital counter
is started at the beginning of each transducer
pulse and stopped when the signal is detected
by the wand microphone. The counter values are
transmitted to a computer that calculates X¥Z
display coordinates. The direct digital readout
has the advantage of eliminating the need for
analog-to-digital conversion and simplifies soft-
ware-display coordinate calculations. The pro-
totype instrument is reported to be a valuable
tool for sketching in three dimensions and for
selecting data from an array. The large working
space (4 X 4 X 6 feet) and the use of the Z-axis
control as a number value adjuster, permit quick
access to large amounts of library data without
“tree searching” or loading the edge of the dis-
play scope as is the case in two-dimensional
devices. The greatest drawback of the Lincoln
‘Wand is that anything placed within the work-
ing space scatters the ultrasonic pulses traveling
between the transducers and the wand.

Potentiometer Type

Joystick

The joystick is a lever device which can be
used to generate vectors, add alphanumerics,
or point to an item in an array. It may operate
in either of two modes, slew or proportional. In
the slew mode, a display-screen trace moves at
a constant speed in any direction indicated by
the lever. The trace is stopped by releasing the
lever. In the proportional mode, the trace moves
at a distance proportional to the amount that
the joystick is moved. Function switches and an
activate switch, used in conjunction with the
joystick, permit the operator to select or delete
symbols, move them about the display, or posi-
tion them as desired. A special cursor, such as

a cross, shows the operator where he is. The
similarity of a joystick to other air- and space-
craft controls makes it particularly useful in
aerospace vehicle-maneuvering displays and
with aerospacecraft simulator-display units.
The positioning accuracy of a joystick is gen-
erally superior to that of a light pen and it
operates quickly. The device is not adaptable
to hard-copy operation and is not particularly
useful in sketching applications.

Tracking Ball

The tracking ball is a hand-controlled device
that can be used to move a cursor by rolling a
mounted ball in any direction. Like the joystick,
the tracking ball takes advantage of poten-
tiometers to develop analog voltages represent-
ing desired display-screen coordinates and is
restricted to cursor-positioning applications.
The tracking ball is a sturdy, low-cost means
for pointing to display items for an array, but
is not readily adaptable for hard-copy or sketch-
ing applications.

SRl Mouyse

The SRI mouse is an ingeniously simple de-
vice developed at Stanford Research Institute
by Douglas C. Englebart as a display input and
control tool for investigating interactions be-
tween man and machine. The mouse consists of
a simple pair of orthogonal drive wheels con-
nected to rotary potentiometers. When the
mouse is moved the wheels turn and generate
an analog signal proportional to the vertical
and horizontal motion of the device. Three top-
mounted small buttons act as activation and
function switches. The mouse is being used for
text editing, file searching, and graph structur-
ing applications. With little additional effort,
the mouse could be adapted for sketching and
tracing operations. Two of the attributes of the
mouse are its low-cost design and the fact that
it may be used in any position on nearly any
surface.



DISPLAY SYSTEM COMPONENTS 29

Large-Screen Displays Bibliography

ANON: A Catalog of Large Display Systems, Devices
and Technigues. Final Report (Project No. 106-75R,
Aviation Research and Development Service Contract
AROS—426), General Dynamics/Pomona, May 1962.

Anon: Compendium of Visual Displays. RADC Com-
pendium, Rome Air Development Center, Griffisy Air
Force Base, Rome, N.Y.

BagroN, Perer C.: Color Data: A Photographic Large
Screen Display System. Proceedings of the Society
for Information Display, First National Symposium
on Information Display, Mar. 1963, pp. 64-75.

DARNE, FrancEs R.: Advances in Techniques for Large
Dynamic Display Devices. Proceedings of the Society
for Information Display, Fifth National Symposium
on Information Display, Feb. 1965, pp. 1-23.

HivgorN, Epwin H.; and STEVENSON, Lroyp E.: Means
for Improving Apparent Television Resolution. In-
formation Display, vol. 4, no. 5, Sept—Oct. 1967.

Hogss, L. C.: Technologies for 1970 Bra Tactical Dis-
play Systems. Proceedings of the Society for Infor-
mation Display, Fifth National Symposium on In-
formation Display, Feb. 1965, pp. 293-318.

JorpaNn, R. H.: Large-Screen Computer-Driven Dis-
plays. ANSER Report (AR65-6, Air Force Contract
49(638)-1259), Analytic Services, Inc., Nov. 1965.

Poore, Harry H.: Fundamentals of Display Systems.
Spartan Books, 1966, pp. 93-124.

SMmrte, FrRep E.; and Srarrorp, J. 'W.: Multicolor
Projection System (Maps). Proceedings of the Soci-

* ety for Information Display, First National Sym-
posium on Information Display, Mar. 1963, pp. 21-30.

SteErTEN, KENNETH J.: Real Time CRT-—Photochromie
Projection Display. Proceedings of the Society for
Information Display, Sixth National Symposium on
Information Display, Sept. 1935, pp. 15-17.

Man-Machine Reactive Input Devices Bibliography

Axon: The Computer Display Review. Vol. I. Adams
Associates, 1967.
CoRBIN, Harorp 8.: A Survey of CRT Display Consoles.
Control Engineering, vol. 12, Dec. 1965, pp. 77-83.
Davip, M. R.; and Eri1s, T. O.: The RAND Tablet: A
Man-Machine Graphiecal Communications Device.
FJICC Proceedings, vol. 26, 1964, pp. 325-331.

EncrisH, W. K.; EnxceLBart, D, C.; and HUDDART,
BonNiE: Computer Aided Display Control. Final Re-
port, Stanford Research Institute, Menlo Park, Calif.,
(NAS§1-3988), July 1965, p. 92.

HARGREAVES, B.; Joyce, J. D.; Coig, G. L.; ET AL.:
Image Processing Hardware for a Man-Machine

Graphical Communications System. FJCC Proceed-
ings, 1964, pp. 363-386.

HarINg, D. R.: The Beam Pen: A Novel High Speed,
Input/Output Device for Cathode-Ray-Tube Display
Systems. FJCC Proceedings, vol. 27, 1965, pp. 847-855.

KgasT, Davip N.: Survey of Graphic Input Devices.
Machine Design, vol. 39, Aug. 3, 1967, pp. 114-120.

PoorLE, HARRY H.: Fundamentals of Display Systems.
Spartan Books, 1966, pp. 162-246, 293.

PrINCE, M. Davip: Man-Computer Graphics for Com-
puter-Aided Design. IEEE Proceedings, vol. 54, Dec.
1966, pp. 1968-1708.

RoBERTS, L. G.: The Lincoln Wand. FJCC Proceedings,
vol. 29, 1966, pp. 223228,






PRECEDING PAGE BLANK NOT FILMED.

CHAPTER HI

Computer Systems

Since we are concerned primarily with com-
puter-driven display systems, the reader needs
some idea of the types of computer systems
which can be involved, including both the hard-
ware and the software. Computer systems con-
sist of at least one computer, a set of input/out-
put devices, and a library of programs; they are
established as general-service systems or special-
purpose systems, and vary in complexity from
single-computer, single-function systems to
multicomputer, multifunction systems.

This chapter discusses the primary charac-
teristics and some of the complex and advanced
features of computer systems. Multiprocessing
systems and special systems are included, e.g.,
advanced programming facilities often attend-
ant with large systems, and user languages de-
veloped to enable easy use of computer systems.
Finally, special software developed for display
systems is discussed.

SYSTEM CLASSIFICATION

The organization of a computer system is
heavily influenced by the intended use of the
system. General-purpose, multiprocessing sys-
tems provide sufficient flexibility to accommo-
date applications ranging from business to
scientific.

The important factors of special-purpose sys-
tems are generally rapid receipt and processing
of input data, rapid reporting of results, and
non-vulnerability of the system to single failures
within the system.

Multiprocessing Systems

Multiprocessing systems are basically gen-
eral-purpose systems that can accommodate a
large number of users with a variety of prob-
lems. These systems are usually best suited to

serve applications such as business data proces-
sing but can be used with a reasonable degree
of satisfaction for other work. Three primary
types of multiprocessing systems have been de-
veloped : batch-processing systems, time-shared
systems, and multicomputer systems.

Batch-Processing Systems

Batch-processing systems are the multiproc-
essing systems with which most people are fa-
miliar. There is generally a central processing
unit connected to a set of input/output devices
and an operations staff. When a user desires a
computing service available in the system, he
submits a run request together with his data.
The operations staff performs scheduling and
file directory services such that each run is per-
formed in its turn and users may retain files
for future use without having to take physical
possession of the file-storage medium. The runs
vary widely with respect to the type of process-
ing performed, and the time required for the
solutions may vary from a few minutes to a few
hours. The computer system is generally dedi-
cated to the current job in progress.

Time-Shared Systems

Time-shared systems provide computer serv-
ices to system users simultaneously on a
real-time basis. These systems differ from batch
processing systems in three significant ways.
First, each user is given access to a terminal de-
vice that constitutes the user’s primary interface
with the system. Through this device, the user
requests access to the system, supplies inputs,
and receives outputs. Second, an executive sys-
tem performs the scheduling and some book-
keeping functions normally handled by opera-
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tions personnel in a batch-processing system.
These functions include the allocation of cor-
puter time and system resources among active
users, the maintenance of a file directory, and
the accounting of system usage by user for bill-
ing purposes. Third, because many users are
actively sharing the computer system, there
must be an operating system that maintains or-
der within the central processor.

Multicomputer Systems

A multicomputer system is a system contain-
ing two or more computers that can communi-
cate directly with each other. Many such sys-
tems are special purpose (discussed below). In
many others, one computer forms the heart of
the system with the remaining computers pro-
viding interfaces with input/output devices. In
the latter case, the system can generally be con-
sidered as a single computer system.

A third type of multicomputer system con-
sists of numerous computers and a set of input/
output devices, with no particular organization.
Within certain constraints, any input/output
device may be connected to any input/output
channel of any computer. Any computer may be
allowed to communicate with any other and the
computers may be of many different types. In
such a system, one of the computers is generally
assigned the system-executive function. This
computer is responsible for allocation of sys-
tem resources among users and for establishing
the connections between the computers and the
input/output devices necessary to form the
hardware configurations required by each run.

A large multicomputer system must be justi-
fied by significant user requirements for com-
putational services. The primary advantages of
such a system are flexibility, economy, and re-
liability. The failure of a device in the system
does not obviate the use of the remainder of
the system as is often the case in other types of
systems. Thus, the system can ensure full-time
operation with lower excess capacity than can
any other type of system. Further, a lesser num-
ber of input/output devices usually is required
than would be required by the same number of
computers in single computer, fixed-configura-
tion systems.

Special-Purpose Systems

Special-purpose systems are developed to
satisfy specific needs and generally fall into one
of two categories: specialized or dedicated. Spe-
cialized systems are systems that have been
constructed for and adapted to a particular ap-
plication. Such systems are not generally useful
in any other application. Dedicated systems are
basically general-purpose but supply a partic-
ular service on a full-time basis. Communica-
tion systems, for example, are dedicated sys-
tems.

PROGRAMMED SUPPORT SYSTEMS

The need for programmed support systems
varies greatly from system to system depending
primarily upon the basic purpose of the sys-
tem, the diversity of problems to be handled,
and whether the system is to be used in a batch-
processing or time-shared environment. There
are operating system programs and executive
system programs for the more advanced pro-
gram systems that increase the effectiveness and
economies of the computing system. Time-shar-
ing systems have been developed to provide
computing capability to users who have fre-
quent but small demands.

Operaiing Sysfems

Operating system programs provide support
to applications programs, while system execu-
tive programs provide support to operations
personnel. The primary objective of an oper-
ating system is to reduce the effort required in
the design and implementation of applications
programs and/or to standardize common op-
erations by supplying universally required func-
tional services.

Input/output device manipulation and con-
trol is the primary service provided by an op-
erating system. This service requires the ap-
plication program to provide the starting and
ending addresses of a buffer area, the operation
(read or write) desired, and the device of in-
terest. The appropriate operating system func-
tion then determines when the stated device is
available for use, performs the requested op-
eration, checks for errors to determine that the
operation is successfully completed, performs
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error correction operations such as roll backs in
the case of errors and then informs the applica-
tions program that the requested operation is
complete or, in the event of a non-correctable
error, that the requested operation is non-per-
formable without more drastic corrective meas-
ures than are available to the operating system.

Other operating systems can cope with
more complicated measures. For example, an
applications program may specify a logical de-
vice. The operating system (or the system ex-
ecutive) then selects the actual physical device
for a specific run. Further, the operating sys-
tem may be able even to substitute one type of
physical device for another. If a printer is not
available, the operating system may select mag-
netic tape for output.

System Executive

System executive programs (sometimes re-
ferred to as system supervisor programs) are
developed to provide support in the supervisory
management and control of a computer system.
These programs provide services to operations
personnel by performing bookkeeping and
scheduling functions that would otherwise be
handled by people. Generally, the more com-
plex a computer system is, the greater the need
is for a system executive. A system executive is
an absolute mecessity in any computer system
that is to provide a time-shared service.

In the simplest application, a system execu-
tive may record the running time of each run
and provide services such as clearing memory
between runs. As computer systems become more
complex the services of the system executive may
be expanded. Generally, added services consist
of scheduling work, assigning tasks and sched-
uling computers and input/output devices in
a multicomputer installation, maintaining file
directory, and allocating space on fixed storage
devices such as drums and discs.

If an operating system provides for logical
reference to input/output devices and/or sub-
stitution of device types, then the system execu-
tive usually designates the specific device to be
used. Further, if substitution is made, such as
the substitution of magnetic tape for printer,
the system executive will usually generate a

request for a special corrective run, such as a
tape-to-printer task that will not be run until
the printer becomes available. Thus, the user
ultimately receives the desired result, such as
printed output, without being required to re-
quest an additional run.

Time Sharing

A time-sharing system is any system that in-
cludes an operating system program and an ex-
ecutive system program, the combined features
of which ensure complete system control while
allowing simultaneous general usage of the sys-
tem by two or more persons.

Access to a time-shared system is acquired by
a user at a terminal. The user performs a con-
nection procedure that may include terminal
and user identification. The procedure estab-
lishes a connection to the time-shared system
and also establishes the validity of the terminal
and user as authorized subscribers. Having es-
tablished access to the computer system, the user
is then able to utilize system supplied programs
such as compilers and file maintenance routines.
He also has access to programs and data files
that he has generated during previous runs and
has directed the system to save. Time is con-
sidered in fixed increments and allocated one
increment at a time to each of the active users
in turn by the system executive.

USER LANGUAGES

User languages have been developed to enable
personnel skilled in a field other than computer
programming to utilize computer systems effec-
tively. The primary objective is to provide a
mechanism by which these users can obtain com-
puter services and processing in support of some
larger task without having to suffer the expense
and lengthy delay of defining a specific task
and acquiring the assistance of a skilled pro-
grammer for its implementation. The require-
ments of different users often vary only slightly,
and, the expense of producing a program for
each separate user may be significant and
duplicatory. User languages fall into two basic
categories: information retrieval and query
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languages, and data processing languages.
These are discussed in detail below.

information Refrieval and Query Languages

Information retrieval and query languages
have been developed primarily for the estab-
lishment, maintenance, and rapid access to files
of data. Systems using these languages have
been developed for command and control sys-
tems, and business management systems. Gener-
ally, in these systems, the primary user requires
rapid access to information contained in files
that he does not maintain. Moreover, the infor-
mation generally is rapidly changing, and its
timely availability is significant to the user.

Data-Processing Languages

Data-processing languages are currently less
prevalent than information retrieval and query
languages. The primary purpose of data-
processing languages is to manipulate data effec-
tively as opposed to rapid access to prestored
data.

Editor systems, one of the most common kinds
of data processing systems, are based on a user
language. These systems permit the establish-
ment of a data file and subsequent recall of
portions of it for editing. While these systems
are most effective for the manipulation of tex-
tual material, there is no inherent reason why
an editor system should be limited to text alone.

Mathematical languages have also been de-
veloped that enable engineers to use computers
without programming experience. An engineer
can state a complex formula or sequence of for-
mulae in these languages and then, by inputting
a set of variables, receive an immediate calcula-
tion based upon the given variables.

SPECIAL DISPLAY EQUIPMENT ORIENTED
SOFTWARE

Display equipment incorporated into a com-
puter system provides input/output capability
that often requires special handling. The pri-
mary considerations relevant to displays neces-
sitating special attention are: timing, character
codes, and optical characteristic options.

Outputting of data to a printer or other data

storage device requires the preparation of data
in a predetermined format and then writing
the data to the device, where it is retained in a
stable condition. Timing considerations reduce
to not using the device until it has completed
the previous operation. This problem is gener-
ally handled by the program designer who at-
tempts to minimize waiting time. Characters
are represented by discrete codes and there are
few options available relevant to the physical
characteristics of the data presented.

In display devices a significant problem arises
with regard to timing because fading and flicker
will develop if a minimum refreshment rate is
not maintained. The program designer can alle-
viate timing problems to some extent through
general organization of the information to be
displayed and through the use of large incre-
ment values where possible, This solution is,
however, only partially effective and in cases
where timing may be a seriotis problem, special
software must be developed that analyzes the
information to be displayed and calculates the
display sequence requiring the minimum time
to produce.

The characters on many types of display de-
vices are presented as a set of straight line
segments oriented to each other so as to give the
desired visual effect. Thus, the code for a par-
ticular character is a sequence of instructions
that guide the movement of a beam. These in-
structions are generally too cumbersome and
inefficient to use as an internal data processing
code. Furthermore, the display code for a par-
ticular character may require 10 to 15 times the
quantity of memory required by the normal
data processing code for the character. There-
fore, even a code conversion of character infor-
mation to be displayed may involve excessively
large quantities of memory. One solution to this
problem is the character generator. These de-
vices provide subroutines for the generation of
each character when presented with the normal
data processing code of that character. Hard-
ware character generators, however, have been
developed to overcome software problems.

Many display devices provide a set of bright-
ness (intensity) levels and/or scales (beam step
sizes) from which the software may select a par-
ticular- value. Additionally, special features,
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such as blinking, may be provided. All of these
features are switchable so that once a selection
is made, variation occurs only if and when a
different selection is made. Changes may be
selected at any control step; thus, individual
items or areas of a display may vary in intensity
or scale from that of the general display. While
these options are unique to display devices, they
generally do not present a problem nor do they
require significant software.

The inputs associated with display equipment
are obtained through special input devices, the
characteristics and operation of which already
have been discussed. Software gupport to these
devices is required primarily in the areas of
character recognition and the interpretation of
function selection switches.

The acceptance by a computer system of
handwritten character input is primarily the
problem of character recognition. The hardware
capability for detecting continuous strokes exists
in a number of display related devices. The abil-
ity to recognize certain strokes and/or combina-
tions of strokes as representing discrete charac-
ters is generally provided by software. Much
work has been and isbeing done in the character
recognition field. Current capabilities in this
area are restricted to recognition of stylized
printed characters with some allowable devia-
tion from the required style. These allowable de-
viations are generally quite small, thus requir-
ing much care on the part of the user in order
that each character be properly recognized. In
an on-line system, this restriction is not serious
because each character is recognized as it is writ-
ten and the writer can immediately correct a
machine error.

The use, operation, and software support of
function selection switches is not unlike that of
function switches associated with normal com-
puter consoles. The activation of a function
switch causes an input to which the software
must respond and determine the function indi-
cated. There are, however, some special input
devices associated with displays, such as a light
pen or sensor, that may provide a function-
selection-type input. This input requires a two-
step process to determine its significance. The
input device produces a signal that indicates
there is an input available consisting of the co-

311-467 0 - 68 - 6

ordinates of an item being displayed. The soft-
ware then responds to the signal, reads the
coordinates and then uses the coordinates to
identify and retrieve the designated item. The
input thus obtained may be self contained such
as a canned query or may simply identify a
symbol or location on which an operation is to
be performed. In the latter case, the operations,
such as intensify, blink, remove, etc., are nor-
mally designated by use of a function selection
switch.

MANAGING THE SOFTWARE PROBLEM

Computer programs are an integral part of
reactive display systems that require the input
and processing of data base information. Soft-
ware may account for 50 percent of total display
system development costs. A display system de-
velopment manager must possess a strong under-
standing of the scope of the software task. He
must be aware of all those factors that vary
program production costs and he must have a
plan for directing and controlling his resources.
He must know what the programming functions
are, what tasks must be performed, and what
resources are required. Principles of manage-
ment are well documented. Those factors, how-
ever, that affect software development costs and
vary software production schedules are not as
clearly defined.

Cost Varying Factors

The first and often most difficult task in pro-
ducing a workable computer program is defin-
ing the problem. If the problem is not clearly
stated in the beginning, the tasks of analyzing
and designing the software system becomes
much more difficult. Much programming effort
may be wasted solving the wrong problem.

Program costs vary greatly. If the system
functions call for unique and untried or large,
complex programs, both the prediction of re-
source requirements and the design and produc-
tion of programs become difficult.

The experience of managers, system design-
ers, program designers, programmers and sys-
tem test personnel has a direct bearing on both
man-month expenditures and dollar costs. Be-
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cause computer display hardware and visual
display applications are being developed faster
than software system managers and technical
people are being trained, finding experience is
becoming a problem of considerable propor-
tions. Little hasbeen done to record, systematize,
or generalize programming production experi-
ences. New programming techniques, such as
data management systems, query languages, and
programming languages, have developed faster
than managers can be trained.

The availability and reliability of computer
facilities, including the computer and all its as-
sociated peripheral devices, and the dependabil-
ity of supporting software can greatly affect
program production expenditures. Unreliable
hardware becomes particularly costly when
programmers must travel to the computing in-
stallation. An inoperative card reader can idle
the best programmer. An assembler or compiler
that is highly sensitive to tape unit problems,
or does not function exactly as the reference
manual directs, will frustrate any manager’s
plan. Poor computer usage scheduling can also
wreck the best-laid production schedule. Be-
cause progress in the coding and testing phases
of the software task depends on the availability
of system hardware, close attention should also
be paid to the effect of hardware delivery on
program production.

The organizational control and the function
of service groups must be clearly defined. Both
the quality and the scheduled use of such serv-
ice group functions as keypunching and print-
ing will affect both software development costs
and production schedules.

Personnel Requirements

Before a software system manager can begin
to predict the extent of the software effort, he
must know what types of people are required,
what the basic machine requirements are, and
the scope of the software task. He should know
the functions of the technical production people
and the programming phases with which they
are associated (figs. 6and 7).

The display problem must first be defined
by problem-oriented engineers. These people
state ezactly what problem is to be solved. Once

the problem has been clearly stated, system de-
sign engineers can analyze total system require-
ments in terms of the stated problem. They can
pinpoint the role of software and can lay down
a framework for the structure of the total sys-
tem, both software and hardware. They can
analyze all the factors that affect software pro-
duction and can determine what effect varia-
tions in these factors will have on system de-
velopment and effectiveness. Together with the
operational users of the -display system, the
system designers define input and output data
and format requirements.

Mathematical analysts may be required to
support both system designers and program
production personnel. The mathematical ana-
lysts may be needed to provide statistical
analysis support for system effectiveness studies.
They may be required to do much of the work
in designing and writing math models and
simulators or in writing operational program
mathematical calculation routines.

Senior program designers are needed to trans-
late system design functional requirements into
the computer environment. They partition
logically the functional tasks of the program,
specify the logical design of the program, and
allocate computer memory, drum, disc, mag-
netic tape, or other available computer storage
for each program task.

Senior and junior programmers are needed
to write the detailed flowcharts for task, code
the programs, and debug the routines. They
are required to coordinate changes in program
design with senior program design personnel.
They have to support system test personnel by
providing assistance in writing test plans.

Particularly in the case of large systems, per-
sonnel are required for system test, integration,
and acceptance. They are responsible for writ-
ing system test plans and directing system tests.

A documentation controller can provide valu-
able assistance to the project manager by co-
ordinating, scheduling, and monitoring all doc-
umentation. When program production sched-
ules begin to slip, documentation output is the
first to suffer. It is important that program doc-
umentation be complete and accurate. Training
new people can be greatly speeded up if good
documentation is available.
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F16¢URE 6.—Personnel requirements.
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PHASES

PHASE 1

VISUAL INFORMATION DISPLAY SYSTEMS

ASSOCIATED TASKS

SYSTEM
ANALYSIS

PLAN THE PROJECT

ANALYZE SYSTEM REQUIREMENTS

ANALYZE USER ENVIRONMENT AND NEEDS
ANALYZE PROGRAM PRODUCTION REQUIREMENTS
ANALYZE TOTAL SYSTEM INTERFACE

PHASE 2

SYSTEM
DESIGN

DESIGN THE TOTAL SYSTEM

DESIGN THE COMPUTER PROGRAM OUTLINE

OUTLINE PRELIMINARY OPERATIONAL SPECIFICATIONS
COORDINATE SYSTEM DESIGN PLANS WITH THE USER
ESTABLISH CONCURRENCE ON SYSTEM DESIGN

PHASE 3

OPERATIONAL
DESIGN

DESIGN IN DETAIL PROGRAM FUNCTIONS
WRITE DETAILED FUNCTIONAL SPECIFICATIONS
INSURE USER AND MANAGEMENT CONCURRENCE ON

PHASE 4

PROGRAM
DESIGN

THE FUNCTIONAL SPECIFICATIONS
CONVEY FUNCTIONAL BDESIGN TO PRODUCTION PERSONNEL

DESIGN THE LOGICAL FLOW OF THE PROGRAM IN DETAIL.
ALLOCATE AVAILABLE PROGRAM STORAGE

PHASE 5

PROGRAM
CODING

DESIGN DATA FILING SCHEME
WRITE PROGRAM SPECIFICATIONS

CODE THE PROGRAM

KEYPUNCH CODING
ASSEMBLE/COMPILE THE PROGRAM

PHASE 6

PROGRAM
TESTING

DESK CHECK THE PROGRAM

FAMILIARIZE PERSONNEL WITH TEST ENVIRONMENT AND

PROCEDURES
TEST INDIVIDUAL PROGRAM ROUTINES

TEST PROGRAM SUBSYSTEMS
TEST THE TOTAL PROGRAM SYSTEM

Fieure 7.—Programming phases and tasks.
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Service group personnel are needed to per-
form such tasks as keypunching, printing, and
computer operating. The quality and organiza-
tion of these service groups will affect program
production rates.

Program managers are needed at various
levels to supervise the activities of each of the
* production groups and to provide horizontal co-
ordination support. The functions of the differ-
ent task-oriented personnel listed above may
overlap depending on the size and scope of the
programming task. The manager needs to know
what skills are necessary to complete each pro-
gramming task and then he must decide how
many people will be needed to finish the project
in the time allotted.

Computing Facility Requiremenis

In deciding what resources must be made
‘available, the manager should also consider com-
puting facility requirements. He should esti-
mate how much computer time is needed to
coraplete the task. He must be aware of the
impact of the reliability of equipment and sup-
port software; he should also consider travel
impact and machine availability.

-Software Products

In determining both the manpower and the
machine time required to complete the project,
an understanding of the scope of the software
task is important. The required software should
be produced in a manner that will lead to a prod-
uct of satisfactory quality, and it should be
produced according to schedules that are prop-
erly phased with interrelated schedules of sys-
tem hardware. There are several intermediate
and end products that, taken together, result in
a workable solution to the requirements of sys-
tem specifications. The products and their re-
lationships are illustrated in figure 8.

Phases of Programming

There are no generally accepted and univer-
sally applicable descriptions of the way in which
computer programs are designed, produced, and
tested. There are, however, several phases and
associated typical tasks in the programming

production cycle. These programming phases
and tasks are illustrated in figure 7. The illus-
trated phases and tasks are written in the con-
text of a large visual display network, forming
an integrated program that includes the receipt
and processing by a computer of live data from
human operators and computer output of dyna-
mic data in response to human or automatic
queries. Comparing figures 6, 7, and 8, and the
resource requirements discussed above, will
make relationships between tasks and resources
clearer to the reader.

For small, self-contained programs all the
phases shown in figure 7 are still necessary, but
the system analysis, system design, and the
operational design tasks are of less importance.
Program testing activities are alsoless extensive.
In addition, the coordination task is less time-
consuming because one man may be totally re-
sponsible for the production of a small, self-
contained program.

Cost Estimation Guidelines

One of the biggest problems facing the man-
ager/designer of a large-scale display system is
estimating the software effort. Little has been
done to establish formal guidelines for estimat-
ing man-month efforts, program development
facility requirements, or the dollar costs associ-
ated with the programming task. This is partly
because of rapid advances in both automated
display technology and visual display applica-
tions. Factors that affect computer program de-
velopment costs are often unknown and, when
they are known, they are difficult to quantitate.
To discuss in detail all the variations in the
methodology for predicting program develop-
ment cost or to discuss every aspect of every
cost factor is beyond the scope of this book.
Nevertheless, several methodologies, some of the
more important factors, and the most important
pitfalls can be outlined.

In estimating the costs of future programs, a
relationship between unknown future costs and
past experiences must be established. Three
methods are suggested by which this can be
done:

(1) Compare the known costs of existing pro-
gram items to similar items in each phase of
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new program development. Allow for differ- program, then establish unit cost based on a
ences in the scale of the old and new projects. previously established unit/cost ratio.

(2) Estimate the number of units in a new (3) Use parametric equations that consider
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TasLE IV.—Typical Cost Item Comparison

Man Hours
Personnel Old/new New
oud scale estimate
factor
Problem specification
Preliminary design analysis
Program design
Coding
Testing/acceptance
Service group
Management review
Documentation and technical reports
User/operations review
Subtotal
Other Cost

Machine time

Equipment maintenance
Computer cards, tapes, listing, ete.
Publications '

Program maintenance
Travel

Other
Subtotal
Cost—old=personnel
(man hours)
Cost—new==personnel
(man hours)

(dollar conversion factor) +other

(dollar conversion factor) 4 other

the various characteristics of resources expected
to be used.

Table IV illustrates typical items that may
be compared for the first method. For unique,
untried systems, similar items may be difficult
to match. As experience levels rise, however, and
the data base of information relating to item
costs grows, this approach may produce fairly
accurate estimates.

The second method may be most helpful in
estimating effort levels after the functional pro-
gram specifications have been written. Once
good program specifications have been written,
the program can be broken down into logical
units. Although the function of the separate
units may differ greatly from one program to
the next, the effort required to produce the units
should remain fairly standard.

At first glance, the third method appears to

be the most exact. Experience has taught that
although the parametric equation may be sci-
entific in form, the results are often extremely
unreliable. The values assigned to the cost fac-
tors that should be considered in any para-
metric cost-measuring equation are difficult to
establish with any degree of accuracy. As the
degree of error for each of the input values in-
creases, the confidence level of the results at-
tained from this method becomes lower. Table
V illustrates some of the important factors that
affect development costs. Notice that several of
the factors can be considered only after the pro-
gramming project has progressed through sev-
eral phases.

Each of the three methods has limitations.
Their value lies in giving an ordered structure
to the collection and analysis of program devel-
opment cost data. If the problem of estimating
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TasLe V.—Development Costs Factors

Program design/analysis

Amount of documentation required.

Complexity and uniqueness of required design.
Clarity and completeness of problem specification.
Design stability.

Time constraints.

Computing facility

Type of machine, capacity, language.
Turn-around time.

Eguipment availability.

Programmer travel to facility requirements.
Reliability of hardware.

Closed or open shop.

Software support dependability.
Availability of debug tools.

Personnel

Stability.

Quality of training program.
Programmer quality and experience.
Client experience.

Number of people involved.

Service group organization and quality.

Environmental

Organization, horizontal, vertical.
Communication system between agencies.
Number of agencies involved.

Priority for resource procurement.
Priority of tasks (interruptions).

computer programming costs is approached in-
dependently, the resultant predictions can be
lent greater confidence. By comparing new and
past program tasks with respect to functional
items, by breaking a new program into logical
working units where similar items cannot be
found, and by using cost parameter data to

adjust the similar item and logical unit predic-
tions, one can make even more accurate
estimates.

Several factors that contribute to computer
programming costs deserve special attention
because the manager can either predict their
values accurately or can control their influence.

One of these is feedback. Man-hour and com-
puter-time requirements are often difficult to
predict accurately early in the program produec-
tion cycle. If dynamic feedback guidelines are
established, originally uncertain data can be
verified or adjusted. Figure 9 illustrates typical
feedback flow.

Close attention should be paid to the tools
available to the programmer. Good program de-
bugging tools can save the programmer many
frustrating hours. The computer maintenance
schedule can have a direct effect on the time the
programmer wastes on searching for a program
bug that turns out to be a hardware fault.

Excessively long turn-around times can also
adversely affect production schedules. Often a
programmer cannot continue working until a
compiled listing is returned from the computer
shop. Good computer and auxiliary equipment
maintenance and sound computer use schedul-
ing can overcome this problem.

Such previously discussed factors as the com-
pleteness of early design documents, the ac-
curacy and thoroughness of program documen-
tation, the stability of manpower, and the con-
trol and quality of service groups, can also serve
as valuable indicators of what is causing pro-
duction slippages.

Each manager is certain to find many condi-
tions peculiar to his project. But a basic under-
standing of the principles of the programming
process, a knowledge of those factors that affect
the process, and how and why those factors
vary, makes managing the software problem
much less difficult.
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CHAPTER IV

Large-Scale Checkout, Ground Monitor

NASA uses more display equipment in sup-
port of manned spaceflight than in any of its
other activities. This chapter covers the display
aspects of equipment checkout, ground monitor-
ing and mission control.

The overall information system of which the
display equipment is only one part girdles the
Earth. It includes communication with recov-
ery forces, telemetry stations and remote site
display equipment. It also includes a diverse
array of computing power and information
storage and retrieval capability. It includes spe-
cialists of many kinds, from propulsion experts
to flight surgeons, whose knowledge is essential
and who must be kept informed of the mission
status on a real-time basis. The mission begins
with the equipment checkout.

The checkout process is lengthy. Months be-
fore public awareness of the countdown the
checkout process is underway. It begins during
initial assembly on the manufacturer’s floor. It
continues with the arrival of the launch ele-
ments at Cape Kennedy and with the mating
of the spacecraft and the launch vehicle. Then,
when every parameter has been measured and
every simulation is complete, the final count-
down begins,

During countdown the entire communication
network is checked. The recovery forces steam
to their assigned positions. Each detail is
checked again. Each specialist is concerned only
with his particular data—Dblood or fuel pressure,
heart rate or yaw rate. After ignition the con-
nectors fall away and the vehicle.rises from the
pad. Ground monitoring, having been an inte-
gral part of the checkout, continues as the pri-
mary monitoring facility.

and Control Systems

CHECKOUT

During each phase of the checkout operation,
information is collected and recorded for study.
In some cases it is compared with predicted val-
ues. In other cases it will serve as the reference
data should a problem arise during actual flight.
At the John F. Kennedy Space Center (KSC),
a Central Instrumentation Facility (CIF) col-
lects and disseminates test data. Data enter the
CIF both by the umbilical connections to the
vehicle and by telemetry. Other NASA centers
are connected to the CIF over high-speed data
links. They have independent computer instal-
lations that monitor the data stream from the
CIF and interrogate to obtain special data as
the result of scheduled or special program
requirements,

Checkout information is monitored both at
KSC and at the Huntsville Operations Support
Center (HOSC) of the Marshall Space Flight
Center (MSFC). Both centers maintain large-
screen display rooms as well as individual
consoles.

MSFC is responsible for vehicle propulsion.
It is more efficient to transmit information over
broadband data links than to transport hun-
dreds of specialists who may be involved only
for a few minutes at a time over widely spaced
intervals. The description that follows has been
adapted from the accounts given in the 1966 and
1967 annual reports of the NASA. Information
Display Working Group by Mr. James Felder.

The Launch Information Exchange Facility (LIEF)
is a multi-purpose data display, monitoring and con-
trol facility for two-way transmission of operational

data between KSC and MSFC (fig. 10). The MSFC
terminal is HOSC.

45
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Eilectrically, the system was built by overlaying a
programmable control system on an existing integrated
data reduction system and providing the data reduction
system with visual output devices.

Data processing for the system is accomplished in a
Burroughs B5500 dual processor computer. Interfaced
to the B5500 is a complement of analog-to-digital con-
verters, cycle counters, PCM telemetry inputs, 0.1 per-
cent digital-to-analog converters, and a high speed TV
output printer plotter system, all through a small
general-purpose computer. The .small computer is
referred to in the system as the “Collector-Distributor”
and provides control for all display functions in LIEF/
HOSC. It performs no arithmetic functions but serves
as a “traffic cop” for all data flowing in, out, or through
the system. Interfaced to this is a complement of 1.0
percent digital-to-analog converters, switch matrices,
discrete light drivers, and all devices of the system
requiring logical control.

The visual output devices are mounted in, or termi-
nate in, three modular display consoles and a variety of
television monitors. The consoles are equipped with dis-
crete lights, meters, strip-charts, TV monitors, and a
teletype 1/0 connected to the Collector-Distributor.

Data may be entered into the system in any telemetry
format, from magnetic tape, card, manually, etc., from
cable or off-the-air, or commercially available Bell
System Data Circuits. The primary input is a 40.8
kilobit circuit from the CIF at KSC. The system has
full access to the KSC data system and can.address any
400 10-bit words from the CIF data-core system at will.

The system is currently programmed to handle pre-
launch activities, flight operations support, and post-
flight data analysis. The system is organized for a
“monitor and advise” function. No command functions
are provided for.

Eixisting display devices, except large screen projec-
tors, are in three engineers’ consoles designated
“Vehicle Networks,” “Propulsion,” and ‘“Guidance and
Navigation.” There are three black and white, large
screen television projectors for large group displays.
Distributed among the consoles are:

Meters, 5% 90
Meters, 2% 240
Discrete lights (50/panel) 1250
Discrete lights (72/panel) 216
Decimal displays 18

BEach of the consoles also contains two television
monitors displaying computer-generated formats and
camera outpuf. Approximately 20 cameras in the sys-
tem can present PCM telemetry plots, printer output,
ete, to these monitors. The computer-generated for-
mats are provided through two General Dynamics
SC-1200 Charactron generators, and two additional
outputs are on contract for this subsystem. All video
equipment is 525-line EIA standard, but with 10-MHZ
video bandwidth.

Modernization of the installation currently
underway includes replacement of the B5500 by

Univac 1108’s and the procurement of two ad-
ditional display devices. The first device is a
digital display generator system manufactured
by Monitor Systems, which will replace the two
SC 1200’s by 10 independent video channels.
The other device is a film projection plotter
system that scribes characters in opaque film.

The MSFC performs an important role in the
prelaunch powered flight, orbital and postflight
phases of a mission. The display system makes
it possible.

When a spacecraft arrives at KSC, it is as-
signed a special checkout location on the test
floor and a corresponding control room. This
room contains the specialized test equipment re-
quired, such as plotters and meters. A few CRT
displays may also be used. There is no need,
however, for large-screen display equipment
until later in the mission when the mating with
the launch vehicle has taken place. After the
spacecraft and rocket stages have been joined
in an assembly area or are on the pad, connection
to the data network takes place and the large
launch control room and other display areas
come into use.

The display equipment at KSC is basically
similar to that of the Marshall Space Flight
Center; however, it includes a working Digital
Display System manufactured by Hazeltine
Corp. The description of the DDS given below
has been taken from the attachment to the 1967
annual report of the Information Display
Working Group.

The digital display system, shown in figure 11, ac-
cepts computer-processed telemetry data and converts
this information to a form suitable for presentation by
standard video equipment. In operation, requested data
are transmitted from the computer to the input buffer
and then transferred at the proper rate into the display
generator. The digital display generator converts the
data into an alphanumeric and/or graphic format for
video display. A drum memory is used to store and
refresh 10 independent display chanmels at a rate of
30 frames per second, thus alleviating the computer
workload. Flow diagrams, block diagrams, circuits,
nominal values, and other general information are
stored on 35mm slides where a scan converter trans-
forms the information to a video format. A magnetic
drum is used to store background information, i.e.,
maps, charts, and nominal curves, which may be super-
imposed directly onto the computer output data. Other
forms of data, such as Apollo S-IC flight TV and com-
mercial TV, are already in suitable format and may be
interleaved directly into the system. The video format



VISUAL INFORMATION DISPLAY SYSTEMS

48

(SHOLINOW) SATOSNOD AL SLSITVIDIdS

‘SUOISSTUI TUIWRY) J0] ‘O1durBxa JO¥ ‘Apsuusy
adsD 38 (Sanpeooad WMOPIUNOD) INONOSYD SPIYPA UIUNB] B UL PIAJOAUT sIStIerads
J0} SIOJTUOUX AJ, UO S[qB[IBAR I Surjew pus ‘)1 Suisseooxd ‘O[oIyaA Youne| 9yq3 wioxy
218D Surideodor JoF Juomdmba oyl Jo WBISEIP Fo0lq V walsds AB(deIp ®IB@—IT FENOLY

O O Q AL
¥IHLO
\
F nor AT 1o at
FDUVT /4 viva AL | (ANVANODES) Quvos No
vYiva AL v.Liva
AL
SNONNILNOD
(AdVYINING)
<ﬁ<n 1 d
L
SNONNILNOD Iams
sItHOWAN
SHOLS HemuAaY | HOLyuaNaD
3¥o0 o wnxa (AL) ozaia
HaLSYY Lyindod (4aLSYH)
Avidsia YLVA AV-1dSIq
N1 viva (oas/sanvad
5 (ILITIWOD) 0€) SNONNILNOD
1INV
L53NdAY
Yiva Avidsia
LYNHOM
Avdsia
(Ss3008d NI
\

HOLVYEINAD waoua (ANLINWIIIL)
LYWNOd ADVHOLS SHILNAINOD g WILSAS
Avidsia J<,w_..__.M_n_n qv.iioia JW.n..Mn__n TvLlioid wviva SNOILVDINNAINOD

asgoo a3gos ANLIWITIL
(3LITIWOD) (ssaooud NI) «

S.LINMN TV dOod

TTOM.LNOD

s a—
ST101HAA

HONAYT WoMd
NOILYWHOSNI




CHECEKOUT, GROUND MONITOR AND CONTROL SYSTEMS 49

is then displayed on standard video monitors at con-
soles and projected onto large screens with TV pro-
jectors. Controls at the console allow the operator to
select and expand the time base of the data displayed
on the monitor as required.

Data are requested from the computer via the display
request panel. Data can be requested either in the
graphic or page-format mode. Sixteen lines of data
may be displayed on a page and any line may be
changed independently. The abscissa, or time base, of
the graphic display, as well as digital background plots,
charts, and slides, is selectable from the panel. Typical
page format and graphic format displays are shown in
figures 12, 13 and 14.

The data request is transmitted from the display
request panel to the data request receiver. The receiver
formats the message and sends the request to the com-
puter as four 36-bit words. The request message is
processed by the computer, and the requested informa-
tion is transmitted as one 36-bit word to the interface
logic where it is stored in the proper buffer memory
depending upon which panel originated the request.
From the buffer memory, data are then transmitted to
the digital display generator.

The digital display generator (DDG) accepts digital
data from the buffer memory and converts these data
to TV video signals which, when applied to a standard
525-line TV monitor or projector, produce alphanumeric
or graphic displays. The DDG has the capability of
storing 128 independent symbols and 8 grids, drawing
vectors any length, and shifting the display. Characters
and grids are stored in a magnetic core memory and
thus may be changed readily. Each DDG can display
10 independent channels of data.

The system control examines the computer word to
determine in what mode the DDG will function, ie.,
character generation, vector generation, grid displays,
or shift. In the character mode, the proper character
is retrieved from the character storage (word by
word), and transferred to the raster core storage. After

 PRESSURE 237./54
PRESSURE

ENGINE

Fieure 12.—Displayed data. This is an example of the
TV console displays for specialists using the DDS
system of figure 11, in this case giving data on the
launch vehicle engines.
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F1cure 13.—Plotted data. Data may be displayed in the

tabular form (fig. 12) or as shown here plotted as a
function of time.
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Ficure 14.—Typical fuel display. The grid is provided
by a 16-mm slide and the data showing the pressure
status in two different tanks are provided by a com-
puter that prepares the data. for display. The circles
and crosses distinguish the two data sources.

the entire picture is generated in the raster core storage,
it is transferred to the drum refresh memory. The
drum refresh memory is capable of storing 10 inde-
pendent displays and updates these displays at the
80 frames/seconds video rate. The data are transferred
from the drum as parallel words into shift registers
where they are shifted serially at a 20-MHz rate. Tim-
ing is recorded on the drum and decoded so that the
shifted serial data are formatted into a standard 525
scan-line video picture. In the graphic mode, data are
processed in a similar manner except that the appro-
priate grid is added to the display. Graphic format
grids are loaded into the raster core storage as a dot-
by-dot pattern after vector slope and length are deter-
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mined from start-stop coordinates by an arithmetic
unit in the vector generator. To avoid 30 frame per
second flicker, the grids are displayed at half intensity.
A shift feature allows graphie form data to be moved
left across the display screen eight bits at a time during
each computer update. This capability allows the
observer to have a strip-chart-like data presentation
on his display device.

CONTROL

The checkout display systems, naturally
through telemetry, carry over into a ground

monitoring function. The significant difference

between ground monitoring and checkout is
not the communications, but the fact that in-
terruptions for reconsideration or repairs are
impossible while the mission is actually in space.
The Mission Control Center of the Manned

3

Spacecraft Center in Houston serves as a ground
monitoring system, but it also serves as a con-
trol system. The difference between a control
system and a monitor system is not clearcut
from the viewpoint of hardware, but the inten-
tion is clear in the case of the MCC.

To increase the probability of attaining the
mission goals and to maintain flight crew safety,
the Houston Mission Control Center (fig. 15)
provides the overall control of activities from
the beginning of countdown through flight
and recovery. It exercises direction and control
over the manned spaceflight network (a world-
wide system of communications and people to
provide the necessary support to the Mission
Control Center) and, more important, trans-
mits information, advice, and recommendations

F16UurE 15.—Houston Mission Control Center. A large communications system accepts data
and transmits voice and digital commands through a global network of tracking and
communications stations. The heart of the system is the real-time computer complex
controlling data flow between the communications system and the display and control
system. Pictured is a moment during the Gemini-Titan 4 spaceflight on June 3, 1965.
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to the spacecraft crew concerning the appropri-
ate action to be taken. It also controls certain
aspects of flights of unmanned vehicles as part
of the manned programs. Control is unambigu-
ous in the case of unmanned flight. Manned
flights, except during a limited period, are un-
der control of the astronauts. The ground can
control certain telemetry equipment but. ulti-
mate control is in the hands of the men in space.
This is best illustrated by the fact that each sec-
tion head of the MCC team is equipped with an
illuminated pushbutton labelled “Abort Re-
quested.” The mission director, however, has
only a light.

The mission control team consists of the mis-
sion director, flight and recovery control, and
staff support (fig. 16). The primary facility is
the control center with which we are concerned
here because it contains the display equipment
necessary to the efficient performance of the con-
trol display system function. As part of the Mis-
sion Control Center, the display control system

MISSION
DIRECTOR
POLICY
DECISIONS
DETAILED
MISSION
CONTROL
FLIGHT
DIRECTOR
FLIGHT RECOVERY
CONTROL. CONTROL.
GROUP GROUP
DETAILED
DATA .
STAFF EVALUATIONS
SUPPORT AND

GROUPS [RECOMMENDATIONS

F1aURE 16.—Mission control team. The mission control
team, by its diverse nature, depends heavily on the
Mission Control Center during space flight missions.
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COMPUTER INTERFACE

l CONTROL
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TIMING

Fieure 17.—Display control system. Group displays
(large-screen displays) and console displays (using
a digital-to-TV converse system) interface with the
real-time computer complex to accept data and to
transmit control data.

(fig. 17) provides the link between the mission
control team and the personnel and systems ac-
tually performing the mission. All information
necessary for monitoring and control of the
mission is passed through a real-time computer
complex connected to the display control sys-
tem by the computer interface. The computer
interface, in turn, connects to group displays
and to digital-to-television converters, a TV
subsystem and then to consoles. The consoles
supply control information to the computer
interface.

As in the checkout control center, the heart
of the display system at Houston is a television
system that provides data from many sources
at any one of a large number of consoles. Prepa-
ration of computer-generated data for display
by means of the television system is provided by
composite optical images (fig. 18). The charac-
tron is a shaped-beam cathode-ray tube that con-
verts data in coded form from the computer
into the image form of alphanumeric charac-
ters, symbols, and lines. In addition to compu-
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Fieure 18.—Composite optical image. Both computer-
processed data via a charactron tube and background
film-slide data can be transmitted (separately or su-
perimposed to consoles via a vidicon TV camera).

ter-generated data, background film slide infor--

mation is available through multiple slide access
mechanisms. A pellicle or half silvered mirror
allows superimposition of the computer-gen-
erated and the background data. A vidicon TV
camera converts the image formed by the char-
actron and background slide into video output.

Television distribution is provided by a video
switching matrix under computer control that
allows a console operator using a manual se-
lection keyboard to select video from any one
of 70 sources.

Mission control center consoles are shown in
figure 19. The console subsystem provides con-
soles and all the equipment thereon. Every con-
sole has two television monitors for adequate
display capability and reliability. Each console
includes, in addition to the television monitor,
various lamps and switches necessary for
monitoring and control. In addition to con-
soles, there are various group displays in the
operations control room of the mission, the
heart of the mission control center (figs. 20 and
21). The group displays provide wall-type dis-
plays for the mission director and his staff that
consist of three Eidophor television projectors,

Ficure 19.—Control Center. Interior view of the Mis-
sion Control Center, Houston, located in Building 30,
showing the forward area of the Mission Control
Room with the orbital tracking board and consoles.
The MCC is the center of a huge global network of
tracking and communications stations providing cen-
tralized control for the Gemini space flights.

two projection plotting displays, and group time
and digital readout displays.

Development efforts for the display systems
of the Mission Control Center involveé both hard-
ware and software. The following is excerpted
from the annual reports of the Information
Display Group descriptions of some of this work
as presented by Mr. Oscar Patterson of the
MSC Information Systems Division.

The Digital Television Display System (DTDS) is
an all-digital system with performance characteristics
that will offer second-generation improvement over the
present MCC-H displays in accuracy, content, control
and appreciable advantages in space, power, cooling
and maintenance requirements.

The system is completely modular and easily ex-
pandable on a channel-by-channel basis from its initial
8 channels to 64 or more independent outputs.

Background information will now be supplied from a
digital background generator retaining the precision
of the basic system and eliminating the need for photo-
graphic slide files used in the present MCC-H display
system. In addition, new man-machine control devices
are provided to allow the operator real-time access
to the display channels for format generation, editing,
data flagging, and message generation. These devices
include symbol keyboard, tracking balls, Grafacon
tablet, and function and category selection panels. The
formats can be modified in either an “off-line” or “on-
line” mode.
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Fieure 20.—GT-4 simulation. The MSC Public Affajrs Officer is shown at his console
in the Mission Operations Control Room in the Mission Control Center, Houston,
during a Gemini-Titan 4 simulation. The simulation was a {raining exercise to prepare
for the 4 day, 62-orbit GT-4 flight scheduled on June 3.

The video recirculation memory is provided by delay-
line units. This storage not only is used to refresh
the video displays at a 30-cycle frame rate but also
allows storage of the computer data from which the
display was derived. At any time this computer lan-
guage display information may be recalled by the
computer for additional processing.

The DTDS is designed to operate in a 729-line tele-
vision system. This line rate provides the high resolu-
tion necessary for Mission Control Center application.
The DTDS is capable of displaying computer-generated
data on either black and white TV monitors or in com-
binations of seven colors on color monitors. No equip-
ment modification is required for using any channel in
either the color or black and white mode. All channels
are assigned by the computer through the coding con-
tained in the computer words.

In addition to the DTDS, development of a
high-quality color television monitor has been
achieved. This unit provides 1000-line horizon-
tal resolution and 800-line vertical resolution. It

operates in 945, 729 or 525 TV line rates and
provides seven colors: white, red, green, blue,
cyan, magenta, and yellow. A high-quality color
Eidophor projector development has also been
funded.

The demands on and the capabilities of the
NASA display systems have grown steadily
from the first suborbital flight through the Mer-
cury, Gemini and Apollo projects. The growth
has been orderly and planned. The experience
gained is being summarized in the form of
technical guidelines. One such guideline for all-
digital computer driven displays was prepared
by the Manned Space Flight Information Dis-
play Working Group.*

* Specification Guidelines for All-Digital Computer
Driven Display, National Aeronantics and Space Ad-
ministration, July 1967.
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F1eURE 21.—Gemini 4 mission control. Overall view of the Mission Control Center after
the Gemini 4 spacecraft made a successful splashdown in the Downrange Recovery
Area in the Atlantic Ocean. The plotting board at right shows the Gemini 4 spacecraft
as it was in the beginning of its 63rd revolution of the earth as it made its successful
reentry into the earth’s atmosphere and finally to the splashdown. The MCC served as
the center of a huge global network of tracking and communications stations that
provided centralized control for the Gemini mission.
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CHAPTER V

Interactive Display Systems

Interactive display systems extend the capa-
bilities of & man to perform complex and time-
consuming tasks by giving him a direct view
of computer outputs and allowing him, in turn,
to provide inputs to the computer. Thus, it is
said that humans are interactive with the com-
puter. Some of the most important display work
in progress over the last 10 or 15 years has been
in this area.

Interactive systems as exemplified in this
chapter are of three types. The first type is pri-
marily graphic and is concerned with pictorial
representations presented in various ways. The
second type is primarily symbolic with graphic
presentations confined to mathematical repre-
sentations of functions in graphical form. The
third type of system involves unstructured files
to be presented and manipulated under program
control. The latter type may be destined to have
a major impact on corporate financial control
procedures.

SCIENTIFIC AND ENGINEERING SYSTEMS

Display systems play a large part in the ad-
vancement of the computer as an aid to humans
in performing scientific and engineering tasks.
Improved and newly developed display equip-
ment puts the relationship of man to machine
on-line. Scientists and engineers interact di-
rectly with input-output equipment as they
solve their problems, investigate new proce-
dures, apply various solutions to given prob-
lems, and perform design tasks. Display systems
insert the human directly into the processing
loop by giving him a “conversational” mode of
operation. Thus, the term interactive is applied
because of the human and computer interaction.

Although the executive branch of industrial
organizations has an analogous on-line prob-

lem in the management of files, this discussion
is limited to the scientific and engineering
branch with its on-line problem of design. Both
applications of interactive systems are only in
early stages of development, partly because the
equipment is somewhat ahead of the user. The
full impact of interactive systems in the scien-
tific engineering and management communities
still lies ahead.

Some of the early work in interactive systems
for the technological user was performed at
M.LT. by Dr. 1. E. Sutherland. His system is
called “Sketchpad.” In its simplest. form it con-
sists of a display console connected to a com-
puter containing special-purpose programs that
permit a man and the computer to converse
rapidly and directly by line drawings.*

Sketchpad offers a form of man-machine
communication in situations in which typed
statements would prove cumbersome and a line
drawing convenient. Sketchpad has shown that
line drawings in conversational mode are appli-
cable to many scientific and engineering prob-
lems such as:

(1) Drawing patterns, a step towards auto-
mated drafting techniques

(2) Drawing and motion of linkages to show
mechanical relationships

(3) Dimensioning of drawings

(4) Bridge design by showing the distribu-
tion of stresses :

(5) Artistic drawing

(6) Electrical circuit diagramming.

* Sketchpad was a project performed in part at the
Lincoln Laboratory, a center for research operated
by M.IT. with the joint support of the U.S. Army,
Navy, and Air Force under Air Force Contract AF19
(628)-500.

57
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Examples of systems using these or similar
techniques are given below. In the scientific
area, mathematical systems form significant ap-
plications of interactive display systems. In the
engineering area, design automation systems are
significant applications of interactive display
systems. The work in file management and
related interactive systems is also closely related,
although not as heavily oriented towards
graphics as scientific and engineering systems.

Mathematical and design automation sys-
tems use similar display equipment. There is
already a wide variety of equipment such as
CRT displays with keyboard and special input
devices for application in these problems. The
most significant work being done today, how-
ever, is in the development of computer sys-
tems and their programs for this application
of display systems. The use of interactive dis-
play systems is in most cases dependent upon
the latest software developments in computer
system executives, data management systems,
time-sharing, information storage and retrieval,
and the design of query languages.

MATHEMATICAL SYSTEMS

There are a number of conversational mode
systems with the same basic goal: to give the
user a variety of mathematical tools so that he
may apply them to his particular problems
without learning a complex computer program-
ming system. One of these is the AMTRAN
system, a multi-level language. It is being de-
veloped at the NASA Marshall Space Flight
Center. It is designed for an applied mathe-
matician with no prior knowledge of computing
for programmers, or for practitioners at any
intermediate level. It can be used not only on-
line in a conversational mode, but also off-line
in a batch processing mode or in a combination
of the two. A scientist or an engineer with no
background in computer technigues should be
able to solve relatively straightforward mathe-
matical problems with little or no instruction
in the use of the AMTRAN system. The system
includes a semiautomatic mathematical prob-
lem-solving system. It provides standard mathe-
matical operations such as integration, numeri-
cal or algebraic differentiation, inversion, etc.,

in the language of classical mathematics that
suffice for many of the problems commonly en-
countered by the scientist or engineer. The pro-
grammer and the more experienced user can
construct their own programs and mathematical
operators at the keyboard so as to handle prob-
lems for which the standard set of operators is
inadequate. They can take advantage of the ex-
tremely short turnaround time, one of the most
significant characteristics of conversational-
mode programming. The AMTRAN system is
also designed to be economically competitive
with batch processing systems in speed and
storage. This requirement is met by the use of
a special programming package called an “in-
terpretive compiler.”

A key feature of the AMTRAN interpretive
compiler is its ability to provide automatic
mathematical translation at a higher level than
the formula translation of FORTRAN.
Another key feature is the user’s ability to ex-
pand the facilities of the language. For exam-
ple, he can define binary operators, specialized
algebras, and symbol and text manipulation
subroutines. A third feature concerns an effort
to approach a natural-sounding English dia-
logue, with context-sensitive instructions, and to
minimize unnecessary bookkeeping by provid-
ing dynamic memory allocation. A fourth fea-
ture consists of providing a library of higher-
level operators (extended subroutines) such as
SUM, DELTA and TIMES. A fifth feature
is the provision for a built-in (optional) inter-
active graphics mode of operation. The de-
velopers claim that these programming ex-
tentions taken in toto reduce programming
time (and presumably, costs) by factors rang-
ing from 2:1 to 10: 1 over conventional FOR-
TRAN.

Mathematical equations may be entered in
their natural textbook format and immediate
graphical and alphanumeric displays of the re-
sults are displayed on a cathode-ray tube dis-
play scope and a typewriter. For example, a
non-linear differential equation can be entered
in a series of steps and is typed out by the AM-
TRAN special typewriter in the form of the
original differential equation.

AMTRAN can also be operated from low-
priced teletype or typewriter terminals and is

-
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compatible with standard card and printer out-
put media. Of course, natural mathematical for-
matting requires either CRT displays or special
teletypes (e.g., a 37 KSR or Invac with half-
line reverse-indexing). However, a part of the
AMTRAN effort has gone into the development
of low-cost graphics computer terminals de-
signed around the new Tektronix 611 scope dis-
play unit. The 611 scope display represents a
major improvement in storage design and
promises to provide a breakthrough in graphies
terminals prices. Such terminals should be com-
mercially available in the near future for
$10 000 to $15 000 per terminal.

A typical AMTRAN terminal consists of a
three-part keyboard, one or two 11-inch cathode-
ray tube display scopes, a Polaroid camera for
the scopes, and a typewriter. A stylus or electric
pencil can also enter graphical information to
the computer. The keyboard has both special-
purpose buttons for permanently programmed
mathematical operators and general-purpose
buttons that are programmable by the human
operator. The typewriter, on the other hand,
can call for a majority of operations and can
also serve as an output device when a hard copy
is needed. T'wo scopes are provided on some sta-
tions so that one scope can present alphanumeric
information while the other retains “black-
board” graphical displays. The alphanumerical
scope prints out instructions and error messages,
and, while it does not provide hard copy as does
the typewriter, its writing speed is much greater.

A recent article in DATAMATION describes
the solution of a differential equation by the
AMTRAN system. Figure 22 shows the print-
out of the scope face. The user has various op-
erators such as SOLVE. These operators bring
subroutines into effect. The second statement in
figure 22, for example, is the procedure for
solving differential equations. By typing in the
mnemonic SOLVE, or pressing the SOLVE
button, the computer selects the appropriate
method of numerical integration.

The third instruction in figure 22 calls for a
plot of the solution on the display scope face,
figure 23. It is plotted with appropriate scale
factors on the # and y coordinates. The origin is
placed so as to make best use of the face areas.

F1cURE 22.—AMTRAN system alphanumeric display.
A solution of a differential equation by the
AMTRAN system is entered into the computer and
displayed to the operator.

F1eURe 23.—AMTRAN system plots. The solution of
the differential equation is plotted with appropriate
scale factors # and y coordinates.

The AMTRAN system also can respond to ques-

" tionable data points (figs. 24 and 25).

The basic inspiration for AMTRAN was the
Thompson-Ramo-Wooldridge on-line computer
system originated by G. J. Culler and B.D.
Fried and later extended by Culler at the Uni-
versity of California (Santa Barbara). Other
conversational mode systems are the JOSS,
QUIKTRAN, MAP, RECKONER and APL.
(None of these other systems currently employ
graphics terminals.)
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FIcURE 24—AMTRAN system open curve. This figure
shows what happens when an AMTRAN user
attempts to represent a function that “blows-up” in
the middle. Here the tangent of » was represented
over the range from 1 to 2. Because the tangent X

becomes infinite at #=n/2, a. complete numerical .

representation is not possible.

DESIGN AUTOMATION SYSTEMS

In general, design automation is the applica-
tion of computers as design aids to engineers,
draftsmen, designers, and other technically
oriented people. Production and maintenance
workers also may use the output of computer
programs in their work. Another term used, and
one applied particularly to systems using cath-
ode-ray tube displays, is computer-aided design.
Computer-aided design (sometimes used inter-
changeably with the term design automation)
includes those tasks in which a computer system
assists the designer but does not supplant him.
The man and machine often work together in
real time. There is two-way communication be-
tween the designer and the computer system dur-
ing the task execution rather than only at the
beginning. The Sketchpad system inspired much
of the work in computer-aided design. Another
project that contributed to the use of display
systems in engineering was the work at the Gen-
eral Motors Research Laboratory resulting in a
system called DAC-1 (Design Augmented by
Computers).

This system evolved from experience in the
GMR Laboratory and from project requirements

ENTER P ROGRAM

Fiaure 25.—AMTRAN system error response. This
figure shows the computer’s response to the curve
shown in figure 15. The computer works from left to
right making tests until it identifies an error condi-
tion. At that point, the message shown in this figure
is displayed to the user and the system goes into a
scanning mode, hunting for the focal point of the
disturbance. A message is then printed-out telling
the user more detail about the nature of the
irregularity.

of a designer as part of a computerized design
process. The designer generally approaches the
computer system with a drawing or sketch in
hand. He enters the drawing or sketch through
a graphic console connected to a computer and
the system becomes a tool for rapidly develop-
ing, modifying, and reviewing his design. As a
result, he should be able to take with him (with-
out delay) a document showing his computer-
aided design in standard quality form for the
next step towards production.

The equipment that originally comprised the
DAC-1 system was designed and built by IBM
to specifications provided by GMR. It consisted
of a graphicconsole that included a display tube,
control buttons and lights, a card reader, an
alphanumeric keyboard, and a positioning indi-
cating pencil. In conjunction with the graphic
console, there is an image processor that permits
computer-controlled scanning of film images
and computer-controlled recording on 35mm
film. A block diagram of the overall system is
shown in figure 26. It consists of two parts: the
CPU Complex and the 7960 Special Image Proc-
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F16URE 26.—System block diagram. The DAC-1 system -

is connected to the CPU complex (a standard com-
puting system) through a special data channel in
the IBM 7960 special image processing system. A
display adapter unit controls the image processor for
both recording and scanning and the graphic console
image.

essing System. The CPU Complex is a standard
computer system. The 7960 system is the spe-
cially designed DA C-1 system. It has three basic
units, connected to the CPU Complex by the
special data channel. The display adapter unit
provides control of the basicsystem, control-unit
selection, and digital-to-analog conversion. The
image processor is the film input and output

unit for data in graphic form. It contains s CRT
photo recorder, projectors, CRT photo scanner,
an input camera (for photographing drawings
and documents), and rapid film processing
equipment. The primary man-machine interact-
ing unit is the graphic console. It contains a
CRT display, graphic pencil input, alphanu-
meric input by keys and punched cards, special
function inputs from keys, and status and pro-
gram status indicators.

In addition to the hardware, there is a basic
input and output software capability. Program
control of the hardware is provided by the
NOMAD and MAYBE programming lan-
guages. While these languages allow control of
the hardware, they give little assistance in meet-
ing the data format requirements. Therefore, a
general-purpose input/output software system
has been developed. It includes numeric-to-BCD
(binary coded alphanumeric information) con-
version routines, BCD to vector and character
generation routines, symbol display and record-
ing routines, and basic film tran operation codes,
all of which allow the programmer to operate
all of the hardware devices without having to
understand their intricacies.

Thus, the combination of the DAC-1 hard-
ware, the NOMAD and MAYBE programming
languages, and the general-purpose input/out-
put software provides a powerful tool for the
designer. At the console he can experiment, for
example, with different sizes and shapes of parts
that comprise a mechanical unit he is designing
(figs. 27, 28, 29, and 30). Whereas working
closely with a draftsman might involve hours
or days of turnaround time, he may see, with
the DA C-1 system, the results of his design de-
cision immediately and make adjustments ac-
cordingly. For example, lines are straightened,
curves are drawn, the relationship of parts is
shown, and various questions are answered
(“Where can part B be located if part 4 ismade
larger?” and “Can part 4 be assembled with
part 0'%”). Thus, many design problems can be
solved immediately rather than deferred, and
a permanent record of the design can be filed
until needed.

This is only one example of a design auto-
mation system using a display console. Many
more such developments have taken place.
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FIeURE 27.—Man-machine communication. General Motors Research Laboratories GM
DAC-1 system. A research engineer checks out a computer program that allows him to
modify a design drawing. A touch of the electric pencil to the tube face signals the
computer to begin an assigned task, in this case “Line Deletion,” where indicated. The
man may also instruct the computer using the keyboard at right, the card reader below
the keyboard, or the program control buttons below the sereen. Hundreds of special
computer programs are needed to carry out these studies in man-machine communica-

tions.

FILE MANIPULATION INTERACTIVE
- DISPLAY SYSTEMS

The application of file manipulation display
systems to the growing needs of both gov-
ernment and industry promises much more
extensive, timely, and flexible utilization of
information stored in files. These systems are
designed to grant executives, managers, admin-
istrators, project engineers easier access to the
management information they use in the course
of their work and to allow them to maniplate
this information. The modus operandi of the

interactive system to be discussed in these para-
graphs is one in which the user need not be
aware of the programming intricacies of the
computer system he is using but yet may take
advantage of its high storage capacity, fast
storage access time, and computing power. This
type of system falls into a category of industrial
systems which will be important in the future.

The hardware and general-purpose software
used for file manipulation display systems are
not necessarily specialized for this particular
purpose. The equipment and techniques are
similar to those used for scientific and engineer-
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FI1eURE 28.—A new angle to car design. These “before” and “after” displays were generated
by a digital computer. They illustrate three of the capabilities of DAC-1, an experimental
man-computer design system developed by General Research Laboratories. The draw-
ings appear on the viewing screen of the designer’s console and come from a mathe-
matical representation of the design stored in the computer’s memory. In one case,
“Modify,” the DAC-1 system has enabled the designer to make a major revision in
the deck lid of a car while working at his console and to see immediately the results
of his changes.
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F1eure 29.—Computer laboratory for the automotive designer. Sketches and drawings of
new model cars are processed at electronic speeds. The new laboratory was developed
by computer specialists at General Motors Research Laboratories, Warren, Mich. The
DAC-1 laboratory features (left) an image processor for converting paper drawings
into digital, computer digestible images, or, conversely, for converting images into
paper drawings, At right is the graphic console where the designer can immediately
review, develop, and modify his latest design work.

ing interactive display systems, and much of the
Stanford Research Institute work cited below
is applicable to all types of interactive systems.
At present, display consoles based on the cath-
ode-ray tube are the most prevalent (fig. 81).

The computer programming forms the most
significant part of file-manipulation display sys-
tems. These programs must perform a number
of functions that are extremely intricate and
thus require the latest programming develop-
ment. Some of these programs are:

(1) Overall control (executive)

(2) File data storage and retrieval

(8) File access

(4) Data formatting and display

(5) Input devices control.

The work at Stanford Research Institute is at
the forefront of development of interactive dis-
play systems.* A significant portion of this work
is being carried out under contract to NASA’s
Langley Research Center. The SRI-developed
On-Line File Manipulation and Display Sys-
tem at Langley Research Center is a pertinent
example of an experimental file management
system. The hardware at Langley includes a
CDC 3100 computer and a CDC 250 Display
Console with some special devices.

The programs are for the most part contained

* Pertinent work by SRI is discussed in a number of
internal documents of Stanford Research Institute,
Menlo Park, Calif. See File Management Bibliography.
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Fieure 30.—Computer drawing projected from film. The drawing on the screen of the
image processor (background) has come from a mathematical model—series of equa-
tions—stored in the memory of a large electronic digital computer. A GM-developed
computer program records the drawing directly on 35mm film and, within 30 seconds,
the developed film is projected on the view screen. Enlarged drawings can be made
from the film after it is removed from the unit of GM’s DAC-1 research project.
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FieUure 31.—Interactive display system console. The cathode-ray tube display console shown
above is used in an on-line manipulation and display system. This view shows the CRT
face for outputs to the user and three devices for inputs from the user. On the left is a
special-purpose keyboard; in the center is a typewriter keyboard; and on the right
is a device for locating positions on the screen called the SRI MOUSE.

in three software packages: (1) display-hand-
ling software, (2) a general file-handling pro-
gram, and (8) an interpretive decision-tree
compiler and executive for specifying executive
functions in on-line systems.

The resulting capabilities of the system allow
access to data files and permit structuring of the
information to maximize visualization and
understanding of its implications. Typical dis-
plays are shown in figures 32, 83, 34, and 35.

The display-handling software incorporates
two levels of programs: the first, a high-level,
user-oriented program called DSP, and the
second, a program that performs the basic
operations necessary in generating the primitive
code for specific display equipment called
BITFID for the more or less descriptive fune-
tion “Bit Fiddler.”

DSP is designed to allow programmers using
it to program the system in terms of the data
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D083-B PLOT B NOV 1956 DALY

DD8J-B  PLOT 14 HOV 1956 DATLY

Fieure 32.—Management information graph display.
User has called for a display of the number of 35mm
copies (PLOT) in a DD80-B system, shown by spots
plotted against days (starting on November 14,
1966). Horizontal bars indicate weekly averages. The
communciation buffer (top line on display) shows
parameters of graph as they are selected from line
buttons (on right) using the “mouse” prior to exe-
cution. The identical line in the label area (from be-
low communication buffer) provides the title for the
graph after execution.

DDBJ-B PLOT 16 NOV 1966 DATLY
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F1eURE 33.—Scaled-down graph display. Same as figure
32 except that graph has been scaled down and trend-
line manipulations are shown.

REDDCS  7040% I JUN 1956 DAILY  BCCUA
REDDCS ‘70400 I JUH 1966 DAILY  ACCUM

F16URE 34.—Accumulative graph display. Accumulative
graphs are shown for the hourly usage and related
costs of a Red 7040 computer. The axis labels, tabular
values (at right), and intensified trendline are asso-
ciated with the active curve (whose label is marked
with an asterisk). Note that the upper cost curve
shows ia break corresponding to the rate change at
176 hours.

& (EDCS 7060M 17 JAN (946 WLy Accum
2EDDCS 7040

17 3AW 1955 kxiy AZLlN
I0TALOF BB

Freure 35.—Aggregate totals display. Thrée graphs are
superimposed on the display. The bottom two show
the accumulative weekly data for a Blue and a Red
computer ‘through direct coupled system meters,
respegtively. The graph labeled “TOTAL OF B&R”
shows the aggregate values of the other two curves
until the total exceeds the applicable data range.
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they want to work with, without having to con-
sider the physical constraints of the display
equipment. It allows manipulation of named
display segments and performs the necessary
housekeeping functions involved in the input/
output channels and peripheral devices asso-
ciated with the display. BITFID performs the
operations necessary to generate the basic codes
recognized by a specific display system such as

mode-control (typewriter mode, line generation.

mode, etc.) and positioning information.

The general file-handling program incorpor-
ates the concept of virtually infinite core storage
(information memory) through the use of so-
called PUTGET file handling routines (for
“putting” and “getting” information segments).
Magnetic-disc storage is used presently for auxi-
liary storage for interpretive programs and
data, but, with appropriate extension,
PUTGET can handle any computer storage
medium. PUTGET allows a programmer to
write his programs for the display system so
that they refer to a data item by file name and
index value, thus freeing him from considera-
tions of where the data is located physically.

The interpretive decision-tree executive
couples the decisions of the system user to the
programs and data stored within the system.
Thus, the user need not be aware of the details
of the program and data storage. This program
is the final and most significant step in freeing
the display user of the details of the display
hardware and software. The hierarchy of de-
cisions available to the user can be characterized
as a tree structure with decision nodes at var-

ious levels. Presently, a “light-button” mech- -

anism implements presentations of possible
selections. The active node of a decision-tree
structure, with its list of user options, is dis-
played on the right-hand side of the screen.
The user indicates his choice of action by means
of a positioning device called the “mouse” and
the program takes appropriate action based on
this choice. The particular implementation of
the interpretive decision-tree compiler and
executive provides great flexibility in changing
the data set, and the decision-tree structure can
be changed radically without disrupting or
causing significant changes in the action that
occurs at each decision node.

EDUCATIONAL DISPLAY SYSTEMS

There has been an increasing amount of work
in the field of computer-aided education, some-
times called computer-aided instruction (CAI).
The overall goals are evident: to increase the
number of people contributing to society at an
intellectually and emotionally satisfying level.
The use of computers in education has been di-
rected toward individualized instruction in all
grade levels.

Costs have, up to this time, prohibited in-
dividualized instruction for many students. The
individual needs of each child continue to
plague educational systems. The use of com-
puters is not yet well understood, but new tech-
niques may reduce the cost of individualized
instruction.

Computer systems can be used as educational
tools in drill and practice systems, tutorial sys-
tems, dialogue or inquiry systems, simulations,
and educational research. For individualized in-
struction, a terminal is connected to a computer
for the student. One computer can service a
number of terminals. Each terminal may consist
of output devices such as the cathode-ray tube
and audio deviees, and input devices such as the
keyboard and light pen.

Drill and practice systems are largely comple-
mentary to the regular curriculum taught by the
teacher. They can take a heavy burden off the
teacher when individuals simply must repeti-
tively and precisely cover examples of the sub-
ject being taught. In the tutorial system, each
student is guided through a number of topics.
The system provides branching according to the
reaction of the student in the learning process.
This branching may be either voluntary or in-
voluntary. The student is presented with a num-
ber of facts and examples and then is asked
questions about them. Guided by his answers the
system branches according to the difficulty or
ease that the student has with the subject mat-
ter. In the dialogue or inquiry systems, there is
a true conversation between the student and the
system. The system presents general problems to
the student, who must then request and organize
various information from the computer to solve
the problems. In the tutorial system the student
may be asked questions to gauge his thinking,
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but the student can also ask questions of the
system to round out his knowledge.

An example of an experimental educational
system is the teaching system called PLATO
(Programmed Logic for Automatic Teaching
Operation). This work has been going on at the
Coordinated Science Laboratory at the Univer-
sity of Illinois.*

The PLATO system is applicable to all CAI
techniques. Three models of PLATO have been
evolved. The first uses the ILLIAC computer

* This work was supported in part by the Joint Serv-
ices Electronics Program (U.S. Army, U.8. Navy, and
U.8. Air Force) under Contract No. DA-28043-AMC-
00073(E) ; and in part by the Advanced Research
Project Agency through the Office of Naval Research
under Contract No. Nonr-35-(08) ; and in part by the
United States Office of Education under Contract No.
OE-66-10-184. Current research is now an effort of
the newly-formed Computer-based Educational Re-
search Laboratory (CERL), U. of IlL
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and a single student station. The second uses an
ILLIAC and then a CDC 1604 computer with
multiple student use; and the third and current
model has a CDC 1604 computer with 20 student
stations. The computer provides a central con-
trol and is shared by the terminals for the teach-
ing at each station. A shared central computer
such as this reduces the cost per terminal.
Furthermore, low-cost terminals are possible,
with each terminal independently proceeding
according to the student using it. Studies have
shown that up to 1000 students could use the
presently configured PLATO system simultane-
ously, and a new system under development will
hand]le 4000 students simultaneously.

Figure 36 shows a diagram of a student ter-
minal on PLATO. The student can enter his
answers or other information by means of a key-
set connected directly to the computer. Qutput
information from the computer is shown to the

SLIDE
SELECTOR
A
TORAGE g STORAGE
s - >
DEVICE DEVICE
COMPUTER
\
TV TV
DISPLAY DISPLAY

KEYSET

Fieure 36.—PLATO teaching system block diagram. Shared and individual parts of the
system are shown. Two or more students may share information directly from the
electronic book (slide selector) or from the computer. The reactions to this information
are, however, individualized for each student.
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student on a TV display monitor. Two kinds of
data can be displayed, one from a storage device
called the electronic blackboard, the other from
a slide selection device called the electronic book.
The storage device provides conversion from
computer coded data to images in the form of
diagrams, symbols, and words. These images are
plotted in a point-by-point fashion and then dis-
played to the students on cathode-ray tubes by
ordinary commercial TV techniques. The slide
selector consists of a pre-stored group of 122
frames that is constantly scanned by a TV image
formation device. Any one of the 122 slides or
frames can be selected for display on the stu-
dent’s cathode-ray tube. In both of the display
sources for the student, the system converts the
images to be shown into video signals finally
presenting the two images superimposed on one
another. Information for a student can appear
on his television screen from either the black-
board or the book or from both simultaneously
(fig. 87).

Development of the PLATO system and re-
lated systems is continuing at the University of
Illinois. With regard to hardware, for example,
development of the Plasma Display in plasma
discharge cells is underway. Images are formed
from many elements. Each element is a cell of
gas that can be illuminated or extinguished by
electrical impulses controlled by a computer.
(Plasma discharge cells are described in more
detail in chapter IT.) With regard to software,
a number of teaching programs have been writ-
ten in categories mentioned above.

Tutorial programs include geometry demon-
stration lessons, fraction demonstration lessons,
three lessons on the introduction to automatic
digital computing, seven lessons on the intro-
duction to computer programming, recursive
definition lessons for high-school students, test
development and studies of quantitative apti-
tude for higher education students. The pro-
grams also use a tutorial type of teaching logic
that permits a variety of manipulation of
PLATO material, including on-line editing,
and that has been used to give courses in library
use, computer programming, and circuit
analysis.

With regard to dialogue or inquiry teaching

FieURE 37—A PLATO student terminal device. The
student sees information on a TV-screen (which is
an ordinary 525-line TV monitor), and he enters in-
formation by means of a teletypewriter keyboard,
similar to an ordinary typewriter.

programs, there is a lesson on scientific inquiry,
a lesson on the composition of mathematical
proofs, a lesson for student nurses on coronary
patient care, an exercise in numerical pattern
recognition, a demonstration lesson on volume
or weight measurements, an experimental type
lesson on teaching the alphabet, an elementary
science lesson, a lesson. to demonstrate PLATO
lessons on. circuit analysis, and drill and prac-
tice programs in arithmetic and foreign lan-
guage. Combination inquiry and tutorial logics
have also been developed and used to teach ma-

“ternity nursing and genetics. Simulation tech-

niques are used for laboratory type exercises in
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genetics and physics and for political science
materials. In addition to these, there have been
a number of educational research programs

ranging from demonstration programs to a la-
tency time measurement experiment on different
individuals.
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CHAPTER VI

On-Line Information Storage and Retrieval Display Systems

In on-line systems there is the same relation-
ship between human being and equipment that
there is in the interactive systems described in
chapter V, but there also are many other inde-
pendent inputs. An on-line system may repre-
sent a continually changing state; the human
being interrogates the equipment to learn of the
state at the instant of inquiry and quite likely
may later enter other information to alter the
state yet again.

RESERVATION SYSTEMS

The main part of airlines reservation systems
is behind the agent sets; that is, the communica-
tions system, central processor and storage de-
vices. Information storage and retrieval at a
rapid rate must be provided for the data con-
cerning every flight for some time to come (usu-
ally 1 year). A number of airline reservation
systems were installed in the late 1950’s and
early 1960’s. These include systems built by
IBM (SABRE for American and Delta, and
PANAMAC for Pan American) ; Teleregister,
now a division of Bunker-Ramo, (RESERVI-
SER for Braniff and Northeast, Teleregister
for National, Teleflight for TWA, Instamatic
for United and Resetron for Western); and
UNIVAC (490 Real Time for Eastern and File
Computer for Northwest). These systems were
constructed in various sizes. Many of them have
undergone changes, revisions, and expansion
since they were first installed and some are be-
ing replaced with newer, larger systems with
additional capabilities. T'wo of the newest sys-
tems being built at the moment are one by Bur-
roughs for TWA and one by Univac for United.
Both of these systems will use alphanumeric
cathode-ray input/output terminals (fig. 38).
The central processing centers for the larger

systems are quite complex and contain a signifi-
cant amount of standby equipment in case of
failure. Figure 39 is an example of a large-scale
duplexed, high storage-capacity, data process-
ing center. Disc files store the reservation infor-
mation. These files are controlled by a dual set of
control units. Redundant data channels connect
the disc files to redundant central storage and
input/output control units and central process-
ing units, Note that even the power supplies are
duplexed. The same is true for the input and
output to the communication lines that feed
messages to and from the center. Magnetic tape
units are used in the system for high storage
capacity where rapid access is not required.
The earliest airline reservation systems used
agent sets (the name given these terminal de-
vices) highly specialized for the purpose. In a
typical agent set, a card is used for the flight
or flights in question, selected from an inven-
tory of flight cards. The card typically has coded
holes and is inserted in the agent set to designate

F1cure 38.—Airline reservation system display console.
Agent set for Burroughs airline reservation system
built for TWA. This newer airline reservation system
uses CRT displays for rapid display of information
to the agent in response to his requests for reserva-
tion status of given flights.

3
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the given flight(s). In addition, the agent may
push buttons to indicate more specific informa-
tion such as class. Thus, a request is made for
the reservation status of the given flight. An-
swers to the requests are displayed to the agent
either in lights or are typewritten or both. The
agent then can key in detailed information re-
garding the reservation for the customer, for
which either a standard keyboard or special keys
or both may be provided. In later systems, these
functions are provided by a small cathode-ray
tube input/output terminal. These terminals are
similar to alphanumeric cathode-ray tube dis-
play terminals which are coming into use in
vastly growing numbers.*

INFORMATION ACCESS SYSTEM

Another example of an on-line information
storage and retrieval system is one presently op-
erated by the Chicago Police Department. The
goal is to retrieve data on crimes quickly enough
to answer questions directly from the field. If
a policeman has sighted a suspect, he should be
able to call headquarters and get descriptions
even while the suspect is either still in view or
under temporary apprehension.

To implement this system of query and

*Most of the major computer manufacturers, as well
as others such as Bunker-Ramo and Stromberg-
Carlson, market commercially available alphanumeric
input/output display terminals.

response, the Chicago Police Department
installed a basic computing system in 1962. Ini-
tially, typewriter keyboards were connected
on-line with the computer. The typewriters
were operated by dispatchers in the head-
quarters building. The policemen called the
dispatchers by phone with their queries. Being
on-line, the typewriters had to share computer
service: each inquiry tied up the entire system
until fulfilled. Even the answer took time for
typing; if the information desired was “down
the page,” still more time passed before reach-
ing it.

In 1967 the system was changed by adding
14 visnal display devices with individual key-
boards. Each display device is manned by a dis-
patcher. Furthermore, the keyboards are off-line
so that a dispatcher can type in his query at his
own rate. Then, by operating a send button, the
query is entered into the computer. The response
appears on the face of a cathode-ray tube. With
the visual display it means the dispatcher can
view an entire page at one time and select from
that page, wherever it may happen to be placed,
such information as is required to answer the
original query.

One estimate places the improvement in
response time at 200 percent. This improvement
mainly stems from the advantage of the visual
display device over the computer-driven type-
writer and from the off-line connections for the
input typewriters.
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CHAPTER VII

Simulation Display Systems

Simulation display systems enable people to
be trained in an environment more suitable
for training purposes than the real environ-
ment. The high speed of computers allows them
to generate images—rapidly enough to show
real-time situations. In fact, a trainee can be
taught in an environment where, because of the
computers and displays, he sees and reacts to his
surroundings as if they were real. At the same
time, his reactions can be recorded and then
analyzed to evaluate his performance. Other
uses are made of simulation display systems
also. Movies can be made for training and other
educational purposes.

Within the aerospace and other related in-
dustries, the need has grown for training person-
nel in an environment other than the one in
which the personnel will utilize this training.
Two good examples are the training of airline
pilots and training of spacecraft pilots. In many
devices the pilot trainee sits in a cockpit mock-
up and is shown a simulated view from his win-
dow and simulated instrument action. In this
manner he may become familiar with the actual
flight environment, without the expense and
dangers of real-flight training. In the simulated
cockpit, the view and indicators change in ac-
cordance with the actions taken by the pilot. To
create the simulated environment, complex ma-
chinery is necessary, and special-purpose analog
computers have been used for airline training
simulators. Now general-purpose digital com-
puters programmed to operate in real-time, con-
nected to special-purpose input and output
devices, are coming into use.

MANNED SPACECRAFT CENTER
SIMULATION DISPLAYS

NASA utilizes training environments for
astronauts which realistically simulate the ac-

tual space environment. One of the components
of such systems is a display to show the astro-
naut the view that he might see from the win-
dow of his spacecraft. Of course, this view must
reflect the relative movements of his spacecraft
and show manmade and interstellar objects
within view. For example, at the Manned Space-
craft Center (there are also simulation systems
at other NASA sites) there is a closed-circuit
TV simulation system. This system shows mock-
ups or models of objects to be seen from the
spacecraft. A TV camera mounted on gimbals
and a movable platform is controlled from a
cockpit of a simulated spacecraft and connected
to a closed-circuit TV monitor. If the simula-
tion is being used in conjunction with a lunar
landing mission, for example, a mock-up of a
part of the moon is in view of the TV camera.
The TV monitor shows pictures to the astro-
naut through a special optical system connected
to the simulated spacecraft cockpit. Asthe astro-
naut “moves” the spacecraft in relationship
to the moon, the TV camera moves proportion-
ately.

There are limitations in the depth of focus,
field of view, and in light transmission that
can be provided with such a system. Because
of the physical size of the TV camera and its
inertia, there are limitations in the relative
motions that can be simulated. In addition, the
physical size of the models or mock-up views
may become prohibitively large if long dura-
tion simulated flights covering large land areas
are to take place. There may be a wide range of
altitudes required, changes in reflections, shad-
ows, and other indications of movement, rapid
changes in viewing angle, and many other prob-
lems. Therefore, newer methods of simulating
cockpit views have been investigated.

e
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GENERAL ELECTRIC COMPUTED DISPLAYS

One of the most promising (and at the same
time, fascinating) methods now being developed
for training devices is the computer-generated
display simulation. The Electronics Laboratory
of the General Electric Co., in Syracuse, N.Y.,
has developed a computer-generated simulation
technique that involves: (1) storing the data
describing the environment in computer mem-
ory; and (2) solving in real time the perspective
equations that define the environment image on
the display or image plane. All hardware for
modeling and photographing in connection
with the simulated display is eliminated and
replaced by a computer with numerical data
stored in its memory. A color TV monitor or
set of monitors shows the actual display using
a purely mathematical-scanning and perspect-
ive-image-computation process.

The GE-computed display system shows sim-
ulated images on 21-inch color TV monitors.
The images that the viewer sees on the TV moni-
tors are produced by a high-speed computer
system developed for that purpose. The com-
puter creates pictures of objects to be displayed
from numbers stored in its memory—numbers
~ that mathematically describe the shapes and
colors of the objects. There are no TV cameras,
no films or slides, and no models of drawings in
the system. The viewer can see the computer’s
visualization from any vantage point. In effect,
he enters the world of the computer by manipu-
lating an aircraft-type control stick. The com-
puter determines his location through the
movements of the control stick, then computes
and presents a TV picture of the scene as it
would appear for an instant in time. This proc-
ess is repeated 20 to 30 times per second, so a
smooth and continuous picture is displayed, giv-
ing the operator the same visual sensations he
would experience in a real-world situation.

Photographs have been made of various im-
ages produced on the system and of some of the
components of the system itself. Images of
NASA’s lunar module and the command and
service module are shown in figure 40. The
viewer can “fly” around (and inside) one of the
objects with respect to the other by manipulat-
ing a control stick. The computer continuously

F16URE 40.—Simulated NASA lunar module and com-
mand and service module. The viewer can “fily”
around (and inside) one of the objects with respect
to the other by manipulating an aireraft type control
stick used for the visualization. The computer re-
computes the exact perspective and size of the scene
for the viewer’s location.

computes the exact perspective and size of the
scene for each viewer’s location. The lunar and
command service module simulators can be
used to evaluate spacecraft control systems for
rendezvous, docking, and lunar landings, in con-
junction with astronaut training. Figure 41
shows how the computer visualizes an aircraft
carrier of the U.S.8. Forrestal class. The rela-
tionship of the viewer with the aircraft carrier
is produced in the same manner as in the lunar
and command and service module displays. Fig-
ure 42 shows an image of an airport that the
computer draws on a TV screen. The viewer
manipulates the control stick to inform the com-
puter where he would like to be in relation to
the airport.

The special-purpose computer equipment
built by GE contains “third-generation” hard-
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F1cURE 41.—Simulated aircraft carrier. The computer visualizes an aircraft carrier of the
U.8.8. Forrestal class such that the relationship of the viewer with the aireraft carrier
is produced in the same manner as in figure 40.

ware, that is, integrated circuits. Figure 43
shows 4 of the 12 cabinets comprising the com-
puted display. The system includes 85 000 logic
gates, 52 000 integrated circuit cans, and 587
plug-in circuit cards, 498 of which are multi-
layer. Figure 44 shows a close-up of one cab-
inet in the computer display indicating the ar-
rangement of circuit cards. These cards plug
into motherboards in the rear of the cabinet. In
figure 45 is a front and rear view of two of the
498 multi-layer circuit boards in the computed
display.

In general, the computed display system uses

both specially developed hardware and soft-
ware for the real-time simulated images that it
produces. The displays are 21-inch color moni-
tors originally built for commercial TV at 525
lines per frame. These monitors have been im-
proved, however, to allow display of a 600 line
by 600 element TV raster consisting of 360 000
elements. A large range of colors and hues is
possible on each monitor. The frame rate is 20
to 30 frames per second, which means that
images moving as in rea] time look lifelike.
‘The equipment that drives the display moni-
tors consists of special-purpose digital com-
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F1cure 42.—Simulated airport. An image of an airport that the computer draws on the TV
screen is shown. The viewer manipulates the aircraft-type control stieck to inform the
computer where he would like to be in relation to the airport, in the same manner asin

figures 40 and 41.

puter units (figs. 43, 44, and 45). One unit is
called the vector-calculating unit; the other, the
object-generating unit. These operate with a
special-purpose magnetic core memory for stor-
ing data consisting of three banks of 2000 words
each (30 bits per word) with 2-microsecond
access time. In addition, there are 4000 words
(24 bits per word) of magnetic core memory
for storing programs also with 2-microseconds
access time.

Television images are created and shown on
the monitors by computing fast enough to keep
up with the television scanning rate. The image
is not computed and stored in memory for sub-

sequent display; the computed units are syn-
chronized to the sweep and frame rates of the
TV monitors. The objects to be shown in the
image are stored as coded numbers in the mem-
ory of the computing units, which then recon-
struct the images in TV form as they are being
displayed. Thus, the computing units operate
at about 1000 instructions per TV frame. To do
the necessary operations at a high enough rate,
the circuitry performs 10 million operations per
second (called the clock rate). '
The computing units are controiled by a modi-
fied general-purpose computer. It is a Raytheon
520 that has two banks of magnetic-core mem-
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F1cURrE 43.—Computed-display interface hardware. The special-purpose computer equipment
built by GE contains “third generation” hardware, that is, integrated circuits. The
system includes 85000 logic gates, 52000 integrated circuit cans, and 587 plug-in
circuit cards, 498 of which are multi-layered.

ories, with 4000 words each and 2-microsecond
access time, and one bank of special “biax”
magnetic memory with 256 words, and 1-micro-
second access time. The bit transfer rate between
the 520 and the computing units is 5 MHz.
Because the computations are made in real time,
a decision is required once every 100 nanosec-

onds. The Raytheon 520 provides control for
the system; it reads programs in and out of the
computed display system and allows operation
of the system from a central console. Three
images per scene can be shown simultaneously
in real time. For example, the lunar module and
the command and service module shown in fig-
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F1cURE 44.—Interface hardware closeup. A closeup of
one cabinet in a computed display is illustrated
above. The figure shows an arrangement of circuit
cards which plug into motherboards in the rear of
a cabinet of the computed display.

ure 42 can be presented as follows:

(1) The view seen from the lunar module

(2) The view seen from the command and
service module

(3) A view of both objects seen from a point

some distance away.
The relationship of each object with respect to
the others is properly displayed in true per-
spective showing all motions and relative mo-
tions according to the given view.

A system with these capabilities has much
utility. The computed display system has a
number of advantages over other types of visual
simulation. It allows the programmer to select
objects, their sizes, and their colors, and “con-
struct” them in virtually any configuration to
be visualized. Then the movement and distance
from an observer is computed and displayed in
real time. The results are as follows:

(1) The image retains true perspective for
all vehicle dynamics (fig. 46).

(2) All objects and textures in the image are
in proper focus. _

(8) The contrast, luminescence, and color
capability are commensurate with the real-
world conditions that are being simulated.

(4) The resolution and field of view of the
generated image is comparable to that of the
human eye.

(5) The image-generation technique does not
impose undue restrictions on the ability to pro-
ject the final image.

(6) The image contains all the information
sources used by the pilot under the actual con-
tact flight conditions that are being simulated.

COMPUTER-PRODUCED MOVIES

Bell Laboratories has pioneered in the devel-
opment of computer-produced movies. The
physical setup consists of a visual display de-
vice, a microfilm recorder and a computer. The
programs in the computer control the beam of a
cathode-ray tube so as to “draw” the successive
frames. Each frame is photographed by the
microfilm recorder.

The movies produced by this system are not
of the cartoon comedy variety although this
has been done elsewhere. Rather, they are either
animated illustrative drawings found typically
in educational films on such subjects as elec-
tricity or physics, or they are mechanical draw-
ings in which straight lines and arcs of various
curvatures are combined and perhaps repeated
to create a total mechanical drawing.

The guiding program for producing movies
is, necessarily, complex in proportion to the
versatility granted to the resulting drawings.
One language that has been developed by Bell
is called BELFLIX which consists of instruc-
tions that generate straight lines (really con-
sisting of a succession of dots) and arcs of vari-
ous curvatures. In addition, there are instruc-
tions for filling in areas already outlined with
specific shades of gray, for enlarging a specific
area of a picture or of dissolving one picture
with another. There are also positioning instruc-
tions for drawing a picture in any direction on
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FIcURE 45.—Multi-layer circuit boards. These multi-layer circuit boards are used in the
computed display system. The front and rear is shown of two of the 498 multi-layer

circuit boards used in the computed display.

the display. In all, there are about 25 instruc-
tions, each carrying appropriate parameters for
determining the details of a specific application
for the instructions. The capabilities of the
BELFLIX language do not include much that
cannot be performed by hand. Its specific value
lies in periodic or symmetric sections of a
picture.

The chief payoff in the movie-making opera-
tion is realized on the second or later movie on
the same subject. By then, the stored subrou-
tines for special shapes and designs mean that
the second movie is nearly half finished. The
movie programmer has developed a more power-
ful language for animating the particular sub-
ject of interest.
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(TV DISPLAY)

OBJECT

Fi¢URE 46.—Geometric image relationship. The computed display system always provides
the proper perspective of an object being viewed on the screen regardless of the
relationship between more distance from viewer to the object including real-time
motion between the two. As shown, the formation of the image on a. computed image
Dlane is geometrically accurate because the image plane is formed as if rays between
the object and a viewer for each point on the object intersect the image plane at

precisely the proper location.
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CHAPTER VIII

Miscellaneous Display Systems

There are many unusual applications of visual
display systems. Many are specializations of al-
ready discussed systems. Some, however, are
sufficiently interesting to be described here.

COCKPIT DISPLAYS

As complex, sophisticated aircraft and space-
craft evolve, new problems in control arise. The
control of modern aerospace vehicles, including
helicopters, VI'OL and STOL aircraft, SST’,
and spacecraft, with such diverse mission re-
quirements as zero-zero rugged terrain landing,
low-level contour flying, hovering, high-speed
intercept, and free-space rendezvous, has ex-
ceeded the performance limits of early cockput
display devices. Greatly increased commercial
air traffic, with resultant air terminal conges-
tion, has generated need for dynamic and infor-
mative displays to aid the pilot. Unfortunately,
off-the-shelf gauge and indicator control instru-
ments do not adequately present all of the guid-
ance and control information needed for the
operation of modern air and space vehicles.

In attempts to overcome the problem, de-
signers have experimented with display systems
that present, in a real-world context, aircraft
pitch and roll attitude, magnetic heading, air
speed, ground speed, altitude, and terrain fea-
ture information. Landing information pre-
sented in a synthetic, observer-view format pro-
vides the pilot with air speed, wind velocity and
direction, glide slope, approach path and run-
way position. TV-like screen displays of landing
information are being used to test the feasibility
of synthetically replacing the real-world view
when it is obscured from the pilot by inclement
weather. Experiments with high-contrast dis-
play units that depict aircraft subsystem oper-

ation sequence and status in a dynamic graphic
format show promise for the future.

Although human response characteristics
have been fundamentally important to the de-
sign of aerospace vehicle control displays, severe
physical constraints imposed by air and space-
craft design have directed considerable attention
to display equipment size, weight, power needs,
reliability, and readability. Integrated circuit-
ry, compact packaging, low-power require-
ments, and ruggedness have become common
airborne display equipment features. Aircraft
ambient lighting conditions and requirements
for versatility in displays impose rigid per-
formance specifications on display units. Cath-
ode-ray tube displays generated by compact, on-
board computers and presented in a “head-up”
fashion have successfully demonstrated the flex-
ibility and versatility of CRT display units. The
relatively low brightness of the CRT image,
however, is one of the most limiting factors in
using this display device for cockpit, flight-
information presentation. Much effort has been
put into developing electroluminescent display
devices to overcome the brightness problem, but
the flexibility and resolution of present electro-
luminescent display units are more limited than
that possible with currently available CRT
devices.

An example of research sponsored to develop
better methods of displaying aircraft control in-
formation is found at the NASA Ames Research
Center. The objective is to conduct flight re-
search on component and display element re-
quirements for a zero-zero landing system. In
preliminary studies, a simulation of an aircraft
landing system was set up on an analog com-
puter system. The system was “flown” in an air-
craft simulator to consider types of displays

85
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that would be acceptable for zero-zero landing.
(See figure 47 for a schematic drawing of the
simulated system.) Test pilots concluded that it
would be possible to land an actual aircraft
under zero-zero visibility conditions using the
display system.

Based on the results of the simulation study,
recommendations and plans were made for a
flying laboratory (figs. 48 and 49). The air-
craft landing display system consists of two
transponders placed at either side of a runway,
a radio altimeter, a repackaged SDS 920 com-
puter, an EAT analog computer, and three ras-
ter-scan CRT display consoles. Signals echoed
from the two transponders, ground speed and
aircraft attitude information and radio altim-
eter readings are integrated by the 920 to pro-
vide composite display generation commands.
Based on radio altimeter signals and return
signals from the two transponders, the SDS
computer calculates aircraft distance, bearing,
and altitude relative to the runway. The mid-
point, slope, and width of the display lines are
computed digitally. The 920 drives the hard-
wired EAI analog computer, which converts
the display line parameters to display equip-
ment driving signals. The display screen is
blanked to remove retrace lines. The display is
refreshed from the 920 digital-to-analog con-
verters.

The resultant, dynamically updated display,
as shown in figure 50, provides the pilot with
real-world, landing-approach, glide-path infor-
mation. Aircraft have been flown to touchdown
using this display system.

IMAGE ENHANCEMENT, JET PROPULSION
LABORATORY

As a result of recent efforts at the Jet Propul-
sion Laboratory to improve the quality of space-
craft-originated photographs of the Moon and
Mars, the science of computerized visual image
presentation has been advanced significantly.
The significance for science at large lies not only
in the valuable data recovered during space mis-
sions but also in the application of the image
enhancement techniques to other fields.

The function of the JPL video enhancement

system is to reproduce television pictures trans-
mitted from the Ranger and Mariner spacecraft
as faithfully as possible in terms of resolution,
geometry, and photometry. The purpose of the
video processing is to overcome limitations im-
posed by noise distortion and by the information
bandwidth inherent in the deep-space telemetry
system, The pictures are “cleaned-up” by a com-
puter process after the images have been trans-
lated to a digital form. The corrected picture
can be enhanced in contrast and used for de-
tailed visual interpretation, or the improved
digital version can be used by the computer for
further interpretative and statistical analyses.

Three problems peculiar to television imag-
ing systems and electronic data transmission
systems contribute to difficulties in spacecraft
photo-interpretive and map-making processes.
The resolution of the television vidicon camera
is limited by the scanning-beam spot size. The
geometric fidelity of a vidicon scanning camera
is worse than that found in film. The noise asso-
ciated with the transmission system is unique
to electrically encoded pictures.

Early in the Ranger project, data were digi-
tized directly from the photographs by employ-
ing a process in which a light-beam-scan was
converted to an analog signal and then fo a
digital signal. Much data, however, were lost in
recording the photograph itself. This difficulty
was overcome by recording the spacecraft sig-
nals directly on magnetic tape at the time of re-
ception. Ground recovery losses were thus mini-
mized by directly processing the digital data
from space.

Distortion Corrections

In digitized form, discrete points on the pho-
tograph (approximately 1% million per square
inch) are converted to 64 values, 0—-to-64, so as
to represent numerically the gray level of each
point. The digitized image is read into an IBM
7094 computer where & series of corrections are
made.

Geomeilric Distortion

The first correction process corrects for geo-
metric distortion, that is, physically straight-
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F16urE 50.—Cockpit landing display. The above display
is dynamically updated by a. computer that calculates
display line positional components from transponder
and radio altimeter information. The top horizontal
line represents the horizon; the vertical line depicts
a “ghost” aircraft landing ahead of your airplane;
the bottom lines represent the runway.

ens the photo image. The calibration is deter-
mined from pre-flight grid measurements as
well as post-flight measurements of a superim-
posed grid with known vertical and horizontal
coordinates. The geometrical error in the photo
is corrected by distorting the grid back to its
original proportions (fig. 51).

Phofometric Correction

Photometric correction allows for the non-
uniform brightness response of the vidicon
camera. Photometric measurements are made
for each scan line over the entire picture frame.
The correction is performed by summing a num-
ber of frames and taking the result as an ap-
proximate gray calibration.

Random Noise Elimination

Noise present in the transmitted Ranger moon
pictures is treated in two ways. Large amplitude
noise elements visible in the picture as “snow”
are replaced by the average of local points. Low
amplitude noise is detected by superimposing
picture frames with overlapping areas of view.
The congruence of the photographs is estab-

lished by calculating adjustments in transla-
tion, rotation, and magnification. After the
pictures are matched, they are improved by
averaging repeated areas. The reliability of the
averaging is increased by weighting each point
according to its magnification or calibration
adjustments, or weighting in terms of noise
measurements in the individual frame.

System Noise Removal

System-noise removal processing eliminates
spurious visible frequencies superimposed on
the image. The system noise, stated in terms of
cycles per centimeter, is normally clustered
around a single frequency. An appropriately
peaked filter, similar in concept to a radio tun-
ing filter, cleans out the noise (fig. 52).

Scan Line Noise Removal

Another type of noise is caused by the fact
that all vidicon camera scan lines are not identi-
cally reproduced. Scan line noise appears as a
fluctuation from line to line although within the
line relative brightness is correct. This noise is
eliminated by calculating the average value of
the scene brightness in the vicinity of the point
to be corrected. The difference between the
average brightness of the scene and the average
brightness of the line is taken as a correction to
the point.

Resolution Improvement

One final correction process takes into account
that the scene resolution is finer than the scan
beam-spot of the vidicon camera. Losses in the
transmitted resolution result in severely attenu-
ated higher frequencies. A properly chosen
high-frequency response filter compensates for
this deficiency (fig. 53). Figure 54 shows the
results of applying these photographic correc-
tion techniques to Surveyor I moon pictures.

Other Applications

While these automated photographic en-
hancement techniques are still in the experi-
mental stage, tests have been conducted in the
biomedical field that have proved rewarding.



MISCELLANEOUS DISPLAY SYSTEMS ’ 91

Ficure 51.—Mariner IV Mars photograph. This photograph originated on July 14, 1965,
from the Mariner IV spacecraft. The picture, taken at a slant range of 7600 miles, was
transmitted back to the deep space network center at the Jet Propulsion Laboratory
in Pasadena, California. At JPL, image enhancement techniques removed distortion
from the photograph and thereby increased observable detail. The grid marks shown
on this photograph were used to establish geometric coordinates.
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F1GURE 52.—Simple notch filter.

The possibility of improving X-ray photo- leading medical schools. These institutions have
graphs for the early diagnosis of serious human  submitted X-rays of brain, heart, and lung
ailments has intrigued several of the nation’s  areas, and photographs of eye and foot deform-
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F1auBE 53.—F'requency response curves.

ities to the computerized process instigated for
enhancing moon pictures. Physicians and
radiologists are hopeful that the computer
enhancement techniques will enable them to

sharpen biomedical pictures, especially of soft

tissues, and perhaps detect more readily the
beginnings of cancer, heart disease, and other
abnormalities (figs. 55 and 56). .

Two factors are important in the automated
X.-ray analysis procedure: frequency enhance-
ment and pattern extraction. Frequency filter-
ing techniques similar to those developed for
the moon-photo processing are used.

By employing the knowledge gained earlier
from geometric and photometric distortion cor-
rection research, two X-rays of the same area

of the body can be made congruent. Once
matched, a point-by-point subtraction of cor-
responding gray-scale point values will extract
the net change between the two X-rays. Results
from a computer program that ascertains the
difference between an early X-ray showing no
abnormality and a later one beginning to show
disease are reported to be encouraging.
Continuing research by Jet Propulsion Lab-
oratory staff and other groups such as The
National Biomedical Research Foundation,
Silver Spring, Md., to develop computer tech-
niques for analyzing bacteria, chromosomes,
molecules, blood cells, and Papanicolaou (pap)
smears promises the possibility of improved
medical diagnostic procedures and increased
understanding of the life process.
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FIeure 54.—Surveyor I Moon photograph. The picture at the right is the clarified version
of the indistinct moon photograph (left) received from ‘Surveyor 1. The line of large,
rounded rocks marks the near rim of an ancient moon crater several hundred yards
in diameter. The crater’s far rim can be seen on the horizon, The narrow-angle photo-
graph shows the lunar surface southwest of Surveyor’s landing site.

ROVRRRAT e

Freure 55.—8kull X-ray enhancement. The photograph on the left is an unprocessed X-ray
of a human skull. The computer-processed photograph, as shown on the right, brought
out blood vessels previously undiscernible in the highly exposed frontal portion of the
skuill.
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Ficure 56.—Mastoid X-ray enhancement. Minute detail of a human mastoid structure
becomes visible in the photograph on the right after application of the photo enhance-
ment process to the enlargement of an original X-ray on the left.
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