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ABSTRACT

The Navy T-45 Trainer System (T45-T5) will expand the role of Vi-
sual Flight Rule (¥FR) training in simulators to increase cost effec-—
tiveness of the overall Student Naval Aviator (SNA)} program. While
today's simulator visual technology can suppert training beyend field
take off and landing to include introductions to carrier landing, wea-—
pon delivery, formation flight and low level navigation, it must be
achieved with lower life cycle cost trainers than those supporting
fleet aircraft. Lower cost technologies must be examined but reduc-—
tions in the trainer's capabilities from proven training effective ap-
preaches must be validated through training evaluation. If achieving
trainer cost goals leads to loss of training effectiveness, the low
cost trainer way be the most costly to the training program. The
Navy is applying inhouse as well _as contractor resources in a research
and evaluation program to meet this goal of defining an affordable
training effective T-45 simulator visual system. Specific training
tasks such as weapon delivery, carrier landing and formation £flight
normally requiring higher cost simulator implementations are being in-
vestigated in a series of training transfer experiments. The high
cost equipment factors of display field of view size and type of scene
content (i.e., dusk versus day} for SNA training are the principal re-
search issues. The findings from current training experiments and
planned evaluations to provide inputs to complete the guidelines are
presented.

Carrier landing training of some 98 SMA's under simulator condi-
tions of day or night, wide or narrow angle displays, and part or
whole task training are compared with non-simulator trained pilots by
evaluating thelr subsequent field carrier landing and carrier landing
performance in the T2C aircraft. Thirty degree dive bomb training of
SNA's will be evaluated under simulator conditions of day or dusk and
alternate field of view arrangements and evaluated by their subsequent
TA4J aircraft performance of this task.

INTRODUCTION large variety of tasks. A simple guide-
line to maximize cost effectiveness

The Navy Student Naval Aviator, to eliminate the simulator features
Training program includes a large which are not training effective

variety of piloting skills to be ac— the context of the SNA Training Pro-—

and demonstrated. It is known grams, include the features which

and respected as a challenging curricu- but implement them with the least life

In addition to taxi and takeoff, cycle co8t technology available.

formation £light, basic airwork, instru- major simulator subsystems (i.e., cock-
ment flight procedures and landing there pit, motion device and wvisual

are introductions te low level visual the visual system has the most uncerta-—
navigation, air to alr gunnery, basic inty with regard to payoff and cost

air combat maneuvering, air to ground SNA training.

delivery and carrier 1landing

qualification. This large wvariety of High fidelity within cockpit
alse presents a challenge to the lation including instruments, switches,
training devices which support the 'pro- . .safety devices and controls along
especially the flight simulator aerodynamic models adequately computed

trainers.
T-45T5 program is extensive and enables

a reduction of nearly 4¢ percent in the to the aircraft (Ryan, 1972}.
of aircraft required (Polski,
The challenge comes in the form Motion cues which aid training have
the simulator needing to be low cost not been identified. Current

and yet be effective in training the platforms and G-seats have not
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The use of simulators in the and updated for good dynamic £fidelity
have shown high 8SNA transfer of training



training effectiveness when tested for
transfer to fighter/attack alrcraft from

simulators (AGARD, 198d). Until there
is evidence of training effectiveness,
motion cueing devices will remain low

priority items compared with other simu-
lator features.

Visual cues which aid tralining have

been identified. Several versions of
visual systems have shown transfer to
the aircraft of tralning received in
simulators with wvisuvals {(Waag,1981).
They have included wvirtual Iimage and
real image displays, day and night.
scenes and various levels of field of
view, scene content and resolution de-
pending on the task being trained. The
large variety of successful and unsuc-

cessful visual systems along with their
high cost has made them the subject of
much research and development. While
government and industry have both parti-
cipated in and contributed te technology
developments, research to define wvisual
system requirements needed for military
aviation training has heen and probably
will continue to be the role of the ser-
vices. Unlike the motivation for indus-
try to improve their simulators to ob-
tain FAA approval in order for them to
be used for certification of commercial
pilots, there is no regulation incentive
for industry to ©prove training effec—
tiveness of simulators or their subsys-—
tems.

The biggest cost drivers of visual
systems for simulators are field of
view, resolution, scene content, extent
of the gaming areas and the number of
dynamic models in the environment {(Beck,
1981). These are the factors that af-
fect the wvolume of equlpment and
software required and therefore the
major cost. They are also the most
critical for influencing training be-
cause they determine whether the infor-
mation is present or absent, and it must
be present to provide the necessary task
information for the pilot. Other visual
factors such as brightness and contrast
determine how well or how comfortably
the information is viewed (assumes they
are above perceptual threshold values)
and fortunately the eye has a large ac-

commeodation range for different levels
of these values. It is also necessary
that the cueing information which is
present is in its proper place (i.e.,

low spatial distortion) and presented in
a tihely manner (i.e., low temporal dis-
tortion). These two factors like the
previocus two have reasonable tolerances
which can be acceptable. Spatial dis-
tortion of 3-4% are accommodated in
areas other than the gunsight although
they must accumulate gradually over the
FOV as sharp discontinuities are unac-
ceptable. Temporal distortions or time
lags af up to 20@ milliseconds are usu-
ally accommcdated, {Westra, 1981, 1983),
but some fast response vehicles or de-
manding tasks require not more than 104
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_ {Hagin,

to 15¢ milliseconds total system time
lag. Usually half of this time lag is
consumed by input signal sampling of the
stick and throttle and the computation
time, while the other half is consumed
by signal distribution and response gen-—
eration (e.g., meter and servo move-
ments, motion device displacements, com-—
puter image generation and image dis-

play).

The major visual system cost
drivers for SNA training are FOV, scene
content and resolution. Large gaming
areas and multiple dynamic models re-
quired for tactical combat training are
not needed to support the SNA syllabus.
Since there are no visual systems on the
Navy's 27 Device 2F18l T2C or 32 Device
2F%@ TA4J simulator trainers there is
very little direct experience with simu-
lator wisual system VFR training effec-
tiveness in the SNA Training Program.
The exception is the 3 Device 2B35 visu-
al systems, now obsolete, which were at-
tached to TA4J simulators, cone at each
of three training sites. A transfer of
training evaluation was conducted on the
trainer at NAS Meridian, Mississippi in
1979. Training in selected visual tasks _
(i.e., familiarization £flights and air
to ground weapon delivery) was found to
transfer to the aircraft. This evalua-
tion provided training effectivenesss
data on only one eguipment configuration
and one training simulator strategy
1979). However, the effective-
ness of equipment wvariations (e.g., 2
more narrow or wider FOV)} was not deter-—
mined.

Without good training effectiveness
data the process of making design deci-
sions to minimize cost is both difficult
and risky. The T-45 is an austere pro-
gram utilizing existing technologies and
prudent procurement guidelines. A smail
investment in applied research can re-
sult in a tailored visual system that
provides the maximum transfer of train-
ing at minimal expenditure of funds.
Therefore, NAVAIRSYSCOM (PMA273, AIR
413, AIR 33¢), CNATRA and NTEC have jo—
ined in a research program to obtain
training effectiveness data to establish
guidelines for a cost effective
system for the T45 simulators. This co—
operative team effort combines effective
and meaningful research applied directly
to the acquisition process, enabling
management to exercise trade off's to
meet budget and schedule constraints.
The priority training tasks to be
investigated which would define the
boundaries for the major cost drivers of
FOV, scene content and resolution were
identified as carrier landing, 30 degree

dive bomb, formation flight and low
level wvwisual navigation. The first two
of these tasks are currently under in-

visual
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vestigation with planning underway for
the latter two.

CARRIER LANDING EXPERIMENT

SNA's currently do not receive car-—-
rier landing training in a simulator
prior to their first Carrier Qualifica-
tion (CARQUAL) in the T2C aircraft. At
the time of CARQUAL they will have accu-
mulated 76 hours in the T2C aircraft, 240
hours in a T2C instrument simulator,
Device 2F18l1, along with classrcoom and
other training during a 22 week " period.
Just prior to CARQUAL they receive 10
days of Field Carrier Landing Practice
{FCLP). It is during this period they
learn the approach pattern, spacing
between aircraft, transitioning the air-
craft to landing configuration and
speed, and the important final appreoach
procedures of holding Angle of Attack
(ADA), line up with the runway, and gli-
deslope control using the Fresnel Lens
Optical Landing System(FLOLS).

During the period £from September
1983 to July 1984 approximately half
{98) of the undergraduate pilots £from
VT-26 at Chase Field, Beeville, Texas,
will receive carrier landing training in
the VITRS T2C simulator at the Naval Tra-
ining Equipment Center, Orlando, Flori-
da. The remainder of the group will be
the control group for comparison perfor-
mance testing in the T2C aircraft during
FCLP and CARQUAL. The simulator train-
ing takes place during the weekend after
students receive the iInitial carrier
qualification lecture and prior to FCLP.
Performance data for all students (ap-
proximately 18@) will be collected for
analysis from the following areas: a
special battery of performance tests;
grades from primary training, cumulative
intermediate grades up to FCLP, FCLP and
CARQUAL; and glideslope deviation dur-
ing FCLP final approach. The aircraft
glideslope deviatioh data is being obta-
ined with the Hybrid Terminal Assist
Landing (HY¥TAL} Laser tracking system.
The wvan mounted system operated by the
Naval Weapons Center, China Lake, tracks
a retroreflector mounted in the landing
light housing near the T2C nose wheel.
During the final 4090 feet of approach
it provides range, azimuth and elevation
data 3@ times per second with an accura-
cy of one foot and #.1 degrees respec-
tively. When completed, tracking data
will have been taken on approximately
14,888 aircraft landings. The data is
encoded and placed on tape by the HYTAL
for decoding and analysis in computers
at NTEC.

The students who receive carrier
landing training in the T2C simulator at

VTRS will train under one of 36 possible

configurations defined by: Field of
View (FOV), conditions shown in Figure
1, (wide,
or narrow, 48 degrees H x 36 degrees V),
Scene Detail (day or night), Appreoach

168 degrees H x 88 degrees V.

Type (stralght-in, circling or segment-
ed) and Amount of Training, (26, 40 or
60 approaches). The least expensive
configuration would therefore be 240 seg-
mented approaches with a narrow angle
night visual system. The most expensive
would be 64 circling approaches with a
wide angle day visual system. The data
from this one transfer of training ex-
periment will provide information for
trade off analysis of four high cest
simulator equipment conditions and six
simulator utilizatiion conditions inter-
acting with the amount of aircraft tra-
ining to achieve performance c¢riterion.
Having this broad a data base is neces-
sary for further trade off analysis with
training effectiveness data from other
tasks such as dive bombing and formation
flying when looking at overall simulator
and aircraft effectiveness in the train-_
ing curriculum.
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Figure 1. Alternative Field of View
Display Plots for Carrier Landing

3¢ DEGREE DIVE BOMB EXPERIMENT

SNA's currently do not receive dive
bomb training in a simulator prior to
their bombing training in the TA4J air-
craft. They have completed basic¢ jet
training in the T2C and are in the 1lth
week of the advanced jet training pro- -
gram having completed 28 TaA4J £light™~
hours and 45 hours in a TA4J instrument
simulateor, Device 2F9f, The 3P degree
dive bomb task is the principal intro-
ductory manual bombing task. The ma-



neuver starts from a 36 degree cone pat-
tern at an 8490 feet altitude and 258
knots airspeed. A roll in bank of 12§
degrees is performed to make a pass
along a designated run~in line +to the
target. A stable 38 degree dive is es-
tablished after roll out with bomb re-—
lease at 3000 feet altitude and 450
knots airspeed. Compensation techniques
are taught for deviations from optimum
release conditions and for wind effects.

During June through August 1984 36
TA4d student pilots from VT-24 and VT-25
at NAS Chase Field, Beeville, Texas, and
VI-21 and VT-22 at NAS Kingsville, Texas
will receive 3% degree dive bomb train-
ing in the VTRS A4 simulator at NTEC,
Orlando, Florida. Thirty-six additional
student pilots will be the contrel group
for comparison performance testing in
the TA4J aircraft. The simulater train-
ing takes place during the weekend priofr

to airecraft bombing training.
Performance data for all students (ap-
proximately 72) will be collected for
analysls from the following areas: a
special battery of performance tests;
grades from basic jet training, cumula-
tive intermediate grades up to dive
bombing, and dive bombing; bomb impact
locations; and instructer ratings on

dive performance during dual runs.

The students who receive dive bomb
training in the A4 simuvlator at VTRS
will train under one of 18 possible con-—
figurations defined by: FOV (A, B or
C), Scene Detail {day or dusk}, and Am-
cunt of Training (24, 48 or 72 rumns).
The three FOV conditions shown in Figure
2 are: A. 120 degree H left and 40 de-
grees H right X 80 degrees V; 18 de-
grees H left and 49 degrees H right X 60
degrees, V;
degrees H right X 8¢ degrees V. These
FOV conditlions explore the training ef-
fects of the FOV boundary locations.
They also represent the cost differences
associated with 6, 4 and 3 window dis-
plays respectively with each window
being approximately 60 degrees X 40 de-
grees. The scene detail factor examines
the differential training effects of
lower cost dusk calligraphic image gen-
erators compared with moderate cost day
scenes based on polygon raster image
generators. The more recently developed
high detail image generators with dedi-
cated texture processors were not in-
cluded due to lack of availability and
their current higher cost. The amount
of training factor will prowvide data on
incremental transfer effectiveness use-
ful in trade offs of simulator and air-

craft wutilization within the syllabus.
A1l three amounts of training levels
will wutilize a backward chaining seg-

mented training strategy (Bailey, 1988)
with the first 25% of the runs starting
just after roll-out the next 58% at the
abeam position and the final 25% flying
the whole pattern.

C, 99 degrees H left and 18
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Figure 2.
Display Plots for 38 Degree Dive Bomb

A second phase of the 38 degree
dive bomb experiment will be conducted
as a check on the training effectiven-

esss of the lowest cost hardware confi-
guration emulated in the VTRS experiment
conditions. This condition is the ¢ FOV
with dusk scene detail. & group of 18
TA4J student pileots will receive 30 de-
gree dive bomb training in Device 2F188,
an A4M simulator at MCAS, Yuma, Arizona.
Only one equipment configuration will be
tested, but amount of training will be
tested at the same three levels of 24,
48 and 72 runs. An additional 18 TA4J
student pilots will be the control
group. Performance of these pilets in
the aircraft will be measured in the
same manner &as the first phase pilots
trained at the VTRS simulator.




FUTURE EXPERIMENTS

Formation flight and low level wvi-

navigation training in the simula-
tor are to be investigated. Both of
these tasks offer high payoff for SNA
training if they can be effectively tra-
ined in a simulator. These tasks also
stretch the 1limits of wvisuval systems
especially the lower cost visuals.

sual

Some simulator training effective-
ness data are available for formation
flight. A training evaluation of a T38
part task trainer using an area of in-
terest (AQI) dome display (Reid and
Cyrus, 1974) gave a Transfer Effective-
ness Ratio (TER) of %.4. However, in a
follow-on
did not show significant training
transfer (Reid and Cyrus, 1977).
Another evaluation with a small group of

5 pilots on the ASPT T37 simulator
showed a high TER of 1.8 for the two
simulator sorties flown by each pilot
(Woodruff, 1976). Both of these simula-

tors had much larger FOVs than are being.

considered for the T45 simulater. Other

simulators have been built with a forma- -

tion flight capability but are apparent-
1y used for limited demonstrations rath-

er than a structured part of the train-
ing syllabus. A great deal remains to
be learned by investigating the effec-

tiveness of various simulator features
on training formatlion flying skills. Of
particular need is the impact of a lim-—
ited FOV on the types of SNA formation
and tactical formation positions which
can be trained (e.g., parade, cruise,
calumn, combat spread, and tactical
wing).

data have
reported for low level visual

Simulator effectiveness
not been

navigation training,although some stu-
dies have examined the needs (Edwards,
1981 and Miller, 1984). The importance

of a wide horizontal FOV of approximate-
iy 180 degrees and high scene content
levels of ground
demonstrated (McGraph, 1973) and are
being tested in USAF C-130 simulator
studies. Since SNA training is at an
introductery 1level and does not reguire
large gaming areas, the scene content
levels appear to be available. However,

FOV requirements should be verified for
the T-45.

Near term plans for further re-
search to provide guidelines for the
T-45 simulator visuval regquirements in-

clude several tasks.

test will be conducted
for formation f£light.

and the 3§ degree Dive Bomb experiments
will define f£inal FOV candidates to be
tested in the T-45 aircraft. A method
of masking the aircraft canopy FOV used
in previous evaluaticns (Yeend, 1978 and
Carico, 1981) will permit determination
of their acceptability iIn the three
principal FQV defining tasks (i.e., wea-

A FOV performance
in the simulator
Results from this

test reconfigured as a T37 it .

truth data have been

10O

~ulater options.

pons delivery, formation and Ilow level
visual navigation}. While this type of

_testing does not provide training effec-—

it does provide wvaluable
FOV guidelines on syllabus tasks _that
can be performed in the simulator and
those which are marginal or inadequate.

tiveness data,

DISCUSSION

It is repeatedly stated that simu-
lator designers have very few design gu-
idelines to work with which are based on
training effectiveness results. Most
data relate to the ability to perform
the task in the simulator and come from
simulator contract acceptance
and simulator wvalidation testing. An
example of validation test metheds con-
ducted on completed trainers 1s des-
cribed in Naval RAir Test Center Techni-
cal Memoranda, IH 76-4583A and TM77-1TM
(Galloway, 1976 and Woomer, 1977). Most
training effectiveness data comes from
Transfer of Training evaluations con-
ducted on operational trainers using
various methods (Hagin, 1982). However,
this provides effectiveness data on only
one equipment configuration and usually
only one training procedure. This is
why the accumulation of simulator train-—
ing effectiveness data has been so slow.
The training effectiveness evaluation
does not determine iIf training is af-
fected when certain simulator egquipment
or training procedures are altered.
Designers need to know the differences
in training effectiveness between simu-—
lator equipment optiens and wutilization
options. To obtain this differential
training effectiveness data, more com— -
plex training effectiveness evaluations
or experiments are needed. Since the
trainer doesn't exist at the time a de-
sign experiment needs to be conducted,
it is necessary to emulate the possible
trainer configurations by bulilding a
prototype or modifying an existing simu-
lator. Due te the cost and time of bu-
ilding a prototype sufficiently early in
the acquisition cycle, wvery little of
this type experimentation was conducted
prier to the availability of the UBAF
ASPT and Mavy VTRS research simulators.

The Navy T-45 acquisition program
is one of the few to conduct differen-
tial training effectiveness experiments.
This will place the acquisition team in
a strong position to make cost effective
decisicns. For example, simulator tra-
ining of carrier landing and dive. bomb-
ing may be highly effective with rela-
tive low cost simulator options.  Even
moderate training effectiveness of for-
mation flight and low level visual navi-
gation may regquire much higher cost sim-
A sound choice would be
te acquire the lower cost simulator op=
tions, perform more carrier landing and
dive bomb training hours in the simula-
tor, and transfer the gained aircraft
time to the tasks better trained ipn the
aircraft.

testing



Since data on the two experiments
described are being taken concurrently
with the preparation of this paper, no
results
tiveness of options is available.
Trends in early data collection do show
a significant reduction (50%) in air-
¢raft glideslope deviation on the third
day of the ten day FCLP for pilots tra-
ined in the simulator (average of all
simunlator configurations). It further

shows for these same simulator trained
pilots a higher fredquency of number
three wire traps (preferted wire) when

landing on the carrier after completicn
of the 19 days of PCLP In the aircraft.
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