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The advent of computer-based. training
systems has resulted in expanded potential for
efficient and effective training. Application
of the Interactive Graphic Display can enhance
this potential. Its flexibility enables a
wide range of display modes resulting_in more
affective instruction, realistic simulation
and ease of maintenance. Additionally, system
design can be optimized, changes to opera-
tional hardware can readily be accommodated,
and support logistics simplified. o

‘Graphic displays have been utilized
during the past ten years in diverse applica-
tions ranging from air traffic control to
support. of research and development activity.
An example of the former is the NAS Stage A
Enroute Traffic Control system currently
operating at several Tocations, while the
Advanced Sonar Laboratory Display System
(ASLADS), installed at NUSC/New London, is a
typical example of the Tatter.

Operational hardware and special purpose
CRT displays are currently used for a variety
of trainer needs. However, relatively few
applications of graphic displays have been
impTemented. Its utility for the Instructor/
Operator position and ‘simuiation of opera-
tional hardware for the student position has
been demonstrated by several contemporary
trafning systems.

The Instructor/Operator application is
typified by the 1/0 console for the ground-
based simulator of the Undergraduate Navigator
Training System (UNTS), Figure 1. Simulation
of operational equipment as well as Instructor
station utility is 11lustrated in the Device
14E24 Senar Operator Trainer. Characteristics
of these two applications are summarized in
this paper.

INTERACTIVE GRAPHICS -

Interactive Graphic Displays can be gen-
erally categorized as either random scan or
raster scan. The random scan or direct write
display forms images on a CRT by drawing con-
tinuous vectors of any length between two pro-
gram controlled locations (or characters, dots,
and circles) within specified boundaries of the
tube screen. Typically, the addressable loca-
tions are defined by a 1024 x 1024 matrix.
Higher resolution is available but few applica-
tions justify this refinement, Random scan
displays are capable of forming solid, struc-
tured, ar curved Tine images, symbols, and
characters. . The image is refreshed at rates

-CRT beam movement. -

from 30 to 67 times per second to avoid dis-
play flicker. Random scan graphics are par-
ticularly effective in applications where
high quality, continuous 1ines and images are
necessary.

The typical interactive graphic system
contains a display controller to access, de-
code, and interpret data from a refresh mem-
ory. The contents of this memory are regu-
larly updated by the computer as the problem
or situation changes, bDecodad signals operate
on a series of function generators that cause
Typically, the controlier
contains vector, arc, dot, and character
generators and the required hardware to con-
trol display intensity and structure,

There are various input devices enabling
the user to indicate to the computer that he
wishes to take some action on the display
data. Keyboard depressions produce specific
codes that are sent back to the computer. A
1ight pen provides identification of the dis-
played data that it "sees"; i.e., the com-
puter knows where the Tight pen is pointed.
These devices are used to interact with the
data presented on the screen of an interactive
graphic display, permitting a full dialogue
between user and computer. Because the data

" displayed on the screen are stored in a random
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- approximations of continuous lines can

access buffer, they can be easily updated.
Periodic updatin? of the location information
causes "movement® to occur on the screen, per-
mitting dispiay of dynamic data. This is not
possible with other output devices.

The Raster Scan Display creates a pic-
ture in a manner analogous to conventional
television. Discrete elements of a fixed
matrix, usually 512 x 512 or 1024 x 1024, are
sequentially addressed under computer control.
Images are formed on the CRT by a combination
of Tocation and intensity signals. In the
case of graphics, the result is a dotted 1ine
approximation of the various picture elements.
The raster scan display has found wide appli-
cation where the predominating regquirement is
for the display of text material or irregular

be -
tolerated. T

For precision, multimode display uses
such as theose described in this paper, the
random scan graphic display is generally con-
sidered superior to the raster scan.



INSTRUCTOR/OPERATOR APPLICATION Tevel. As technological aspects of the prob-
lem and operational equipment become more

To successfully achieve the objectives sophisticated, demands on the skills of the
of any trainer, on-the-joh performance of the instructor increase. Concentration on the
Instructor/Operator must remain at a high _ trainee's progress cannot be diluted by

Figure 1. Instructor and QOperator Consles
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inadequate information or a presentation that
is not readily perceptable in a dynamic situa-
tion. The high quality image characteristics
of the random scan type display assures mini-
mum instructor fatigue during extended periods
of training. As experience with the trainer

grows, changes in training techniques and pro-

cedures are to be anticipated and accommo--
dated. The inherent flexibility of the .
graphic display provides the potential to meet
the total 1ife requirements of many instructor
and operator applications,

A noteworthy example of the utilization
of random scan graphics for the Instructor/
Operator functien is in the console of the
ground-based simulator for the Undergraduate
Navigator Training System (UNTS)} A/F37A-T45.
This simulator is composed of 13 student com-
plexes and supporting computational equipment.
Each student complex contains instructor and
pperator consoles, four student stations, and
computer and interface cabinets. The four
student stations are arranged in a fan-shaped .
array, emanating from the eye-point of the
instructor who needs to visually monitor all
four students. The operator's console is
adjacent and to the right of the instructor's
console, as shown in Figure 1. A1l students
in one complex train on the same mission.
During a mission, the student 1s independent
of other students and is able to fly anywhere
over the continental United States not exceed-
ing 70,000 feet altitude or MACH 2 airspead.

The Instructor and Operator consoles are
identical. Figure 2 illustrates major fea-
tures of these stations. The graphic display
on the left has a 21" rectangular CRT. The
special control panel on the right functions
in conjunction with the display to control
mission and ajrcraft parameters, operating
mode, and interstation communications. The
Instructor and Operator displays are driven by
a single display controller, the 25 millisec-
ond refresh period of which is time-shared by
the two CRTs {Instructor and Operator).

The instructor is responsible for con-
ducting pre-flight preparation, mission selec-
tion, malfunction insertion, evaluation of
student performance, and post mission eri-
tique. He works clesely with the operator to
ensure a coordinated realistic mission. The
operator is responsible for mission control,
ground control, enroute control, and functions
as the pilot. An actual photograph of the i
operator's CRT presentation s shown in
Figure 2.

The instructor and operator CRT screens
are segmented into three data areas:

Lower Horizontal - Display of
weather, time, and mission profiie.
This is displayed to both the in-
structor and operator.
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Right Vertical - Display of student-
reiatea data to the instructor; con-
trol and aircraft-related data to
the operator.

Center and Upper Left - Symbolic
geopfot of aircraft, flight path,
corridor, waypoints, weather fronis,
and navigational and communications
ground stations.

In a non-training mode, text form results
of a system level diagnostic maintenance pro-
gram can be displayed at either station.

The operator will occesfonally function
as the instructor while the instructor works
with an errant student. Simflarly, the in-
structor may assist the operator during the
early and late phases of a mission where _
there will be more communications per student
than is normally experienced. This flexi-
bility of function between the instructor and
operator demands that information needed for
one role can also be selected by the other.
The multipurnose console accommodates either
an instructor, an operator, or one of the two
performing both roles, The advantages of
such a multipurpose console are:

1. Flexibiiity and enhanced
raliability -- One console can back-up the
other in case of console malfunction,

2. Cost effectiveness {less design and

_construction cost) -- Since there is only one

multipurpose conscle, oniy one set of sche-
matics is needed for maintenance tasks.

3. 1:2 instructor-to-student ratio --
The design allows this advantage if needed.

SIMULATION AND SYSTEM APPLICATION

An excellent example of the manner in
which an off-the-shelf, standard graphic
display was adapted to a trainer application
is the Device 14E24 (PAIR) Sonar Operator
Trainer. This system is designed to provide
proficiency training of Navy sonar men
through simulation of the shipboard npera-
tional AN/SQQ-23 Sonar Set. Device 14E24,
which can simultaneously train two separate
sonar crews, consists of two Operator (stu-
dent) stations, an Instructor Console, asso-
ciated interface hardware, and three H716
computers, The computers control digital
simuTation of audio/video sonar signals.

Two standard Honeywell S-50 interactive
random scan graphic displays with six CRT ’

-monitors have been modified for this trainer.

Device 14E24 design represents the first ap-
nlication of an interactive graphic display
and data entry keyboard in an ASW trainer
Instructor Console to provide probiem control
and display of student performance data for
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Figure 2. Instructor and Operator Console =~ Layouf and Display
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monitoring. The student station has an inter-
active capability that permits the student to
operate in a closed loop mode. As the student
correctly responds to the probiems presented,
increased complexity can automatically be
added.

Figure 3 depicts the trainer configura-
tion., The instructor is situated in a posi-
tion where he can observe both his displays

.and his student's activity. The round dis-
play functions as either an instructor dis-
play or as a repeater of the student's opera-
tional display. This allows the instructor
to carefully evaluate the student and isolate
the training problems on an individual basis
without disrupting the activities of other
students.

Device 14E24 contains two graphic display
processors. During normal: operations, one
computer drives one processor and 1ts three
monitors while the second computer drives the
other processor and its three monitors. In a
backup cperational mode either computer can be
utilized to control the displays in two stu-
dent positions plus both portions of the In-
structor Console. .

The design of the display system for
14E24 incorporates adaptor hardware providing
capabitities not normally available in a stan-
dard graphic display. Timing studies clearly
showed that a special scan mede of operation
would be required. This "psuedo scan" mode
gives the appearance of simulating conven-
tional sonar scan preseéntations.

The system requires the display of a very
complex composite image. Figure 4 shows typi-
cal types of patterns that are combined to
create the desired display. An analysis of
the various display subsections is listed as
follows: .

DISPLAY  GRAPHIC CONTENT/TIMING D%%;EAY

A 173 Short Absolute 1.7 ms’
Vectors/9.8 us each

B 210 Incremental Vectors 1.6 ms
with average length 0.2
inch/7.7 us each

c 400 Incremental Vectors 3.1 ms
with average length 0.1
inch/7.7 us each

D 1960 Short Absolute 19.2 ms
VYectors/9.8 us each

E 1960 Short Absolute 19.2 ms

Vectors/9.8 us each

The pseudo scan mode permits a flicker
free presentation of the data tabulated above.
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Without this feature, the display frame period
would exceed the 25 ms allowable for a 40
times per ‘second refresh rate of the composite
display. Pseudo scan also permits data com-
pression of this type display. Programmable
gain variation has been incorporated to allow
for uniform display of the composite data
within the physical constraints of the CRT.

B-Scan presentation is full screen con-
sisting of 240 horizontal lines representing .
range with 48 elements per line. Any element
in the display can be presented with high,
medfum, or Tow. intensity or blanked.

The Geoplot presentation gives the in-
structor an overview of the problem as it
has been developed. Special symbology is used
to define simulated elements of the exercise.
The instructor can realistically evaluate the
students capability for discrimination and
identification of targets.

Random scan graphics have the inherent
capability to operate in the many modes re-
quired for this trainer application. A stan-
dard system was adapted to satisfy the unique
requirements. Several significant changes
have been accommodated through software modi-
fication since hardware design was frozen.
Future growth potential can materially con-
tribute to economical change during the 1ife
span of the system.

EXPANDED APPLICATIONS

The potential of random scan graphic
displays .as {llustrated in current trainers
should provoke further consideration as an
effective tool in achieving economic training
in many future applications.

Expanded use of interactive devices such
as the Tight pen and track bail can simplify
instructor and operator task loads in setting
up student situations and identification of
events. The optional coler monitor can ease
the instructors tasks by simplifying the ob-
servation of the performance of several stu-
dents simultaneously. Replay and evaluation,
particularly of dynamic tactical events,
could be significantly enhanced.

The random scan display can operate in a
combined mode wherein a TV-type scan back-
ground is overlayed with directly written
vectors, symbols, and alphanumerics. Instruc-
tor observation of student behavior or similar
features could be added to assist the instruc-
tor in evaluating the student's performance.

The graphic display has the capacity to
"draw" a large amount of changing, relevant
information. In-process computer afded analy-
sis of student performance, accompanied by
appropriate displayed alerting signals to the
instructor, can serve to tighten the feedback
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