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Commmmication and Navigation Trainer Device
1D23 was introduced into the Naval Flight Officer
NFO) training syHabus in November 1972. A
second phase in this acquisition was completed in
Aungust 1974 with the incorporation of the digital
Electronic Radar Navigation subsystem. Through
the joint efforis of the Naval Training Equipment
Center, NAS Pensacola training cadre, and Gen-
eral Electric's Ground Systems Depariment,
ingtallation and operation for each phase was
achieved on schedule., A new medium has been
implemented to provide Naval Flight Officer
trainee and insiructor personnel with a real-
time dynamic- training environment through the
employment of digitally controlled simulation.

The frainer iz being used to develop NFO gkills
and technigues in the accurate use of airborne
communpications and navigational aids. Individual
training and evaluation 1s conducted for up fo 40

Figure 1.

stndents simultaneously. Each Trainee Station
represents a separate aircraft, capable of inde-
pendent maneuvering within a given training area.
Two unigue preprogrammed missions can be em-
ployed simultaneously, one mission for each
group of 20 students. Generally, one instructor
and two Training Device Operators (TDOs) are
utilized to direct/monitor each group of 20 stu- -
dents during a fraining session. NAS Pensacola
training cadre employ all available trainer func-

‘tions to fully exercise NF¥O students in the Comm/

Nav tasks encountered in operational aireraft.

. Thig trainer is the first of its kind to be fully

operational and offers a new dimension in real-
time digital radar display simulation. The inno-—-
vative techniques employed in Device 1D28 provide
state—-of-the~-art simulationnow, while accommeo-
dating future technology and requirements growth.
A portion of the Device 1D23 trainer is depicted
in Figure 1. -

1D23 Training Room
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FUNCTIONAL DESCRIPTION

Device 1D23 is composed of 40 tralnee stations,
edch equipped with flight instrumentation and dis~
plays to provide a realistic cockpit environment.
Student stations are grouped into four sets of ten,
with each group assigned to a separate Trainee
Computer. Control commands generated by the
Trainee Computer relate directly to each student's
response as he navigates his aircraft over a
plarmed mission course. The computer confinu-. -
ously calculates and updates the aircraft's posi--
tion, cockpit instruments and applicable displays
for each trainee. A digital communications unit
implements computer cormmands and provides

for recording and playback of the {rainees per-
formance, as applicable to their practices of
communication skills. Insiructional cues and
queries are presented to the student, via an An-
nunciator panel,. as the mission progresses.
Trainees enter responses and aircraft control
data by using a Command/Response panel. Some
24 alarm or warhing messages relating to air-
oraft systems operation can be presented to the
student fov appropriate action. Each Trainee
Computer also interfaces with ten radar proces-
gors. Thus, aircraft position data is used by

the radar processors to simulate the precise
radar images along the planned route.

Performance data for each student is contimiously
transferred by the Trainee Computer to an In-
giructor/Operator computer for display and re-
cording. Either of two Instructor/Operator com-
puters provide executive control to two Trainee
Computers and a programmable display computer.
Trainee performance profile data, which is re-
corded during the mission, is prepared for output
on a line printer in the form of a post-mission
printout. Each hard copy profile includes a ground
track plot that is generafed for comparison of the
student's track to that of an ideal navigator. All
trainees are automatically scored, then evaluated
with others flying the same mission.

Basic dead reckoning, inertial, doppler, and radar

.navigation techniques are developed and refined by

flying simulated missions. The Trainee Computer

-inteprates all navigation systems, as well ag the

attitude reference and magnetic compass systems,
into the total navigation problem and solution. All
instruments are updated and respond as though the
trainee were in flight.
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Figure 2, 1D23 Functional Diagram

The trainer's principal hardware elements are
shown in Figure 2. The following listing indicates
the major system components including sigunificant
features: '

® Eight general-purpose minicomputers with
a total core memory capacity of 160,000
data words are configured into a compu-
tational system, via a Multiprocessor Com-
munications Adapter (MCA). The MCA
permits blocks of data to be transferred
between compuiers through the individual
data channels of each computer.




®  One general-purpose, minicomputer with
32, 000 words of core memory is used for
off-line radar data base processing and
drum loading.

® 40 radar procesgorsg that provide the
processing and transfer of data base ele-
ments a5 a function of individual trainee
gtation geographical position.

e TFive disk packs which provide for mass
storage of approximately 6,25 million,
16-bit data words (includes preprogrammed
missions, constants, diagnostics programs
and the student performance profiles ac-
quired during each mission).

e  Two drum umits that provide for mass stor-
age of the 1D23 data base (approximately
3.25 million, 16-bit data words). Contents
of gach dyum are transferred to the Radar
Procesgors every 538 milliseconds.

e Training room line printer provides hard
copy record of each trainee's performance
profile for a given mission. Retrieval and
print time for 20 student profiles, including
overlaid plot of student versua ideal navi-
gation track, is approximately 5 mioutes.

DIAGNOSTICS

Device 1D23 utilizes on-line ahd off-line com-
puter diagnostics to enable rapid problem Identi-
fication and fault isolation. To facilitate on-line
problem identification for the inetructor, two
types of diaghostics are available:

e Computer Master Controller programming
aufomatically compares correctly fime-
tioning group of logic with an identical
string of logic that is faulty. This function
rapidly identifies general problem areas
for instructor/mainienance personnel.

#® - Test patterns are available to check oper-
ation of crifical radar presentation
elements (i.e., weather effects, terrain

- content, direction orientation, target
pointg, etc.).

Comprehensive off-line diagnostics provide fault
isolation capabilities dowm to the component level.
The skilled maintenance technicians can effect
most repair/replacement actions in a matter of
minutes, thus minimizing trainer off-line time
and assuring essential training schedules are met.
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TRAINEE STATION

Various instrament, control, display, data entry,
and non-aireraft related equipment that comprises
a Trainee Station is depicted in. Figure 3, Under
computer conirol, this equipment provides train-

-ing in the following:

L4 Baéic_ communication techniques (Ulil_f_‘)_énd
utilization of IFF/SIF systems.

e Basic dead reckoning.

e Navigation through ground-to-air Nav Aids
(TACAN and VOR) and utilization of DME,
RMI and ADF equipment.

e Advanced pavigation (inertial, doppler, air
data and compuier).

® Proper integration of navigational
disciplines,

®  Relative motion problem solving.
e Fuel management.
“® _ Radar display and controls.

® Cursor intersection and radar-directed
navigation.

Nop-airerafi related equipment enables the student
to respond to commands, contrel aireraft per-

formance, receive instructions, and obtain kaowl-
edge of results.

INSTRUCTOR/OPERATOR CONSOLE

The Instructor/Operator Console {IOC) arrarge—
ment is shown in Figure 4, As pointed out earlier,
Device 1D23 can he set up to permit all 40 NFO ™~
trainees to fly the same mission or it may be op-
erated in such a manner as to allow two groups of
20 trainees to fly different missions, each under
the cognizance of one instructor and two TDOs.
Two 10Cs are used to conduct/monitor the training
of 40 students and each TOC can serve an instructor
and/or the TDOs. Graphic and Radar CRTs provide
visual data (alphanumeric and pictorial) in four
bagic gystem operating modes. Mode gelection is
accomplighed by the instructor and enahles the
following: ‘

®  Daily readiness testing.

® Problem setup.



& Problem conircl and monitoring data base required to suppoxt the migsion onto the

(5 submodes). storage drum. Since two independent mission stor-
age drumsg are provided, two separate missions
® Posgt-mission playback. can be flown simultaneousiy by each group of twenty "
: students or all forty students can fly the same mis-
The I0C control and display devices permit the in- sion. In each case, the student has independent
gtructor to continucusly monitor student perform- control of his aircraftts flight path. Compuier
ance, provide rapid assistance at times of overt monitoring is provided fo alert the ingtructor
sfudent actions and enzble the TDOs to provide should any student wander too far from the planned

simulated ground communications to the trainees, flight path,

Once the selected mission (or missions) is loaded,
the system is ready for training. In operation, the
total contents of the mission drum are read into
each trainee station radar procesgor contimually.
Each data word on the drum is tested based on the
individual aircraft position and range selection to
select that data which is applicable o the current
radar scan. Only those data words defining fea-
tures within £45° of the aireraft heading and within -
the selected radar digplay range, plus a buffer
zone to accommodate aircraft motion during the
gcan period, are accepted and placed in the scan
memory. There are two scan memories for each
radar processor that alternate between read and
write modes. While one scan memory is being
loaded with new data, the second scan memory is
being accessed by subsequent stages of processing,
At the end of each drum read cycle, the modes of .
the two scap memories are reversed,

®

The next stage of processing selects, from the
| Scan memory data, that data within a small scan
segment about the current antenna azimuth angle.
This ig accomplished by testing each word in the
scan memory and only retaining for storage in the
segment memory those words necessary to define
'the segment of interest. There are two segment
memories that aliernate between read and write -
modes at the end of each scan memory read cycle
gimilar to the scan memory operation,

The final stage of data reduction selects;from the
segment memory those data words defining features
that intersect 2 single sweep line or lie within half
the radar beamwidth of the current sweep line, All
other datz words are discarded. The ground range
and elevation at which each remaining feature inter-)
'sects the sweep line are computed and then these
are sorted into increasing groumd range order to !
congtruct a terrain elevation profile and reflectiv-
ity profile along the sweep line, This ordering
Process is necessary becauge data intersections

are computed in the sequence in which the data

was loaded into memory without respect to distance
from the aircraft position. Two memories are

1

Flgure 4, Iqstr?tctor/Operator Congole

RADAR NAVIGATION SUBSYSTEM

The basic data flow for generating landmaass video
for a single trainee station is depicted in Figure 5.
The total 20° by 20° data base training area is
gtored on magnetic tape. Upon selection of a train-
, ing mission, the computer loads that portion of the,
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also utilized at this stage of processing and alter—

nated as described previously.

Nowa 300 Computer loads storage drom with that portion
Minfcomputer of data basc remquired for eelected misnion
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Figure 5. Radar Landmass Video Data
Flow Diagram for One
Trainee Station

Special geometric and radar effects are then added
as these profiles are read on an element-by-
element (ground range) basis. During this process,
the slant range is computed, and the reflectivity
codes are converted to 8-bit digital power levels.
These levels are then attenuated according fo radar
control settings and geometric factors to generate
a video signal on a sweep-by-sweep basis. The
resulting landmass video signal is displayed

at the agsociated trainee station and can be moni-
tored by the inatructor.

Ag the aircraft moves through the data base and
the student adjusts the radar controls, the dis-
played video reflects those adjustments. Training
is therefore provided for both radar picture setup
as well as basic radar navigation. .

‘DIGITAL DATA BASE

The digital data base ig the set of numerical data
that represents a geographic gaming area for which
simulated radar fmages are {0 be produced, The
quality of the resultant radar simulation is direcily
dependent on the quality {idelity) of the data base.
The cost of both gimulaticn equipment and of data
preparation increases as a function of the amount
and guality (resolution) of information in the data
base,

Accordingly, the basic design objective for data
base development was to provide simunlation of the
required quality with a minimum quantity of data,
This objective was satisfied by a variable-
compression data base techniquie that allows

high data densities in areas having high radar in-
formation content without requiring similar
amounts of data in areas of low information
content.,

. The pfincipal features of the data base environment

modeling techniques follows:

a. Planar surfaces are used to approximate
the geometry of the terrain. These planar
surfaces are defined by line~segments
(vectors) called boundary lines. The cross—
ing of a boundary demotes a change in slope.
These boundary lines can also be uged to
denote a change in reflectivily with or
without a change in slope since the data
word for a boundary line contains informa-
tion of reflectivity to the left and to the
right,

b. Individual data points are used to represent
isclated objects, such as towers, power
pylons, and other similar culiural objects,
These data poinis are called point targets.
Point targets have aasignable radins, height
above terrain, and reﬂecﬁwty

c. Line segments are linked to define elon-

' gated (lineal) features, such ag bridges,
higbways, and levees. The width, height
abhove terrain, and reflectance level of
such lineal features are assignable. Thege
data base elements are called line targets.

Each data point (i.e., point target, vertex of a line
target, or planar segment ag gtored in the mem-



ory) carries lateral location and elevation (height
above terrain for lineal and point features) values.
The coordinate location of each data base word is
defined with respect to the previous word, and

radar ranges contain considerably more informa-
tion tharn the digital radar maps for the longer
ranges. This is in direct correspondence with the
radar's resolving power (i.e., shorter pulse

o

widths on the shorter ranges). It also corre-
sponds directly with the resolvability of the radar
display scepe (i.e., the scope spot size).

therefore, data base words can be considered to
represent vectors. These vectors are used to de~
fine planar segments that approximate the ter—
rain relief and to outline radar significant cul-

tural features.. The guality of the data base is dependent upon

hoth the source material used and the accuracy -
of the process which trangforms this data to the
radar format., The source materials utilized

in the production of the radar data bage for

Device 1D23 consisted of the medium scale .
1:250, 000 topographic charts and the correspond- -
ing TOPOCOM, Digital Terrain Elevation Tapes.

To provide a simulation of the improved radar
resolution obtained for decreasing range settings,
the data base is composed of multiple digital
radar maps. Digital radar maps are utilized to
gupport the 30, 60, and 120 nautical mile range
settings, The digital radar maps for the shorter
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