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PREFACE

The author expresses his gratitude tc the people of the Naval Train-
ing Equipment Center, who contributed to this report; and especially to
Mr. John McKechnie for his in-depth survey of wide angle visual systems
and tabulation of data he collected.

To Messts Joe Raffo and Gordon Palmer a sincere thank-you for their
critical readings and significant suggestions particularly in the areas
of specification language and risk assessment.

The report has been prepared with an Appendix which when detached

can be used independently. Therefore, the Appendix pages have been
numbered independent of the main report.
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SECTION I

INTROLUCTION :

As part of the Aviation Wide Angle Visual Program, the Naval Train-
ing Equipment Center has conducted a survey and assessment of current and
near-term capabilities in wide angle visual technology. The purpose of
this repor’ is to present the results of the survey for guidance relative
to planned training device procurements beginning in FY 75.

SECTION II g
STATEMENT OF THE PROBLEM :

The current state-of-the-art does not offer a wide angle visual ]
system with sufficient capabilities to meet all of the current pilot
training irequirements. Therefore, a sound technological basis is needed i
to specify cost-effective visual systems within budgetary constraints and
within the current state-of-the-art. While a sound technological basis
is needed to specify totally cost-effective visual systems with the hign-
est return on life cycle investment, the Navy must also be able to state
the sum total of its knowledge and experience to meet near term require-
ments.

SECTION 11I
PROCEDURE §

DESCRIPTION OF SURVEY

An in depth literature survey of wide angle visual systems for flight
simulation was conducted. All available data sources were used to review
past, current and near future simulation technology. The data sources,
method of access, extent and time frame of the survey are listed in Table
1. The survey was restricted to unprogrammed visual systems. Prepro-
yrammed visual systems such as those which use motion picture film tech-
nijues were not included.

IDENTIFICATION OF FLIGHT TASKS

A review of current pilot training requirements was conducted. The
review included personal interviews, minutes of recent planning meetings,
and Navy directives. The major flight training tasks were identified for
Conventioral Takeoff and Landing (CTOL) and for Vertical Takeoff and Land-
ing (VTOL) aircraft.
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INTRODUCTION
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SECTION 1V

RESULTS

The capabilities and limitations of current wide angle visuai systems

are presented first for subsystem elements and secondly for overall systems.

Every visual system possesses two fundamental subsystems, an image genera-

tion subsystem and a visual display subsystem.

subsystems is provided with current capabilities and limitations of each

element. Seven basic catagories of wide angle visual systems are identified.

A system description is provided and performance parameters are listed for

each system.

IMAGE GENERATION SUBSYSTBWS

The elements of each type of image generation subsystem are listed
below with some of their current capabilities and limitations:

1. Camera/Model Systems

de

b.

Ce

d.

f.

Television Cameras (up to 1365 scan lines per frame,
30 frames per second, 800 television lines per picture
height resolution, color)

Video Chains (4 to 50 MHz video bandwidth)

Terrain Model Boards (144:1 to 10,000:1 scales, up to
24 feet in height and 64 feet in length)

Target Models (40:1 tc¢ 500:1 scales)

Optical Probes

(1) Fixed focal length for terrain model boards (up to
140 degrees field of view; Scheimphlug correction;
roll, pitch and yaw servos)

(2) variable focal length for target models (up to
40:1 zoom capability)

Gantries (velocities up to 12 inches per second, accele-
rations up to 8 inches per second per second, servo dyna-
mic range up to 2000:1, Z travrl 2 to 4 feet).

2. Computer-Generated Imagery (CGI) Systems

a.

General-Purpose Computer (Maintains active data base for

3
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edges within the display field of view, up to 6400 words) ii)

b. Special Purpose Computer (Provides coordinate transfor-
mations, windowing, two-dimensional perspective, removes
hidden surfaces, generates television formated signals,
up to 3300 edges, color, up to 5 channels).

3. Film Transparency Systems (excluding motion picture film
systems).

a. Transparencies

(1) spherical (sky with mountainous horizon and clouds
for attitude and heading cues, ground with pattera
‘e for altitude and heading cues, no translation cues)

(2) Planar (terrain and cultural scenes, translational
curs, 4 foot diameter discs up to 6 foot square trans-
parencies, 50:1 up to 5000:1 scales)

b. Point Light Sources (arc lamps, incandescent lamps).

VISUAL DISPLAY SUBSYSTEMS

The elements of each generic type of visual display subsystem are “a
listed below: 2

1, Real Image Systems
a. Screens

(1) Flat (front or rear projected, wide angle coverage
with side-by-side arrangenent, gain depends on
field of view and number and separation of viewers)

(2) Spherical (up to 360° coverage, gain depends on
number and separation of viewers and on separation .
of projectors from viewers)

b. Television Projectors

| (1) Monochrome Cathode Ray Tube (CRT) Projectors (up to
: 1225 scan lines per frame, 30 frames per second, 700

television lines per picture height resolutior, up
to 500 lumens light flux output)

(2) Color CRT proiectors (up to 1229 scan lines per
frame, 30 fra.ies per second, up to 1000 television
lines per picture height resolution, up tc 2200
lumens light flux output with 6 CRT's)

s E o
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(3) Monochrome light valves (up to 1203 scan lines per
frame, 30 frames per second, up to 1000 television
lines per picture height horizontal and 700 televi-
sion lines per picture height vertical resolution
at 945 line scan, 4000 lumens light flux output)

(4) Color Light Valves

(a) Simultaneous color (up to 525 lines per frame,
30 frames per second, 600 television lines per
picture height horizontal and 350 television
lines per picture height vertical resolution,
3600 lumens of light flux output)

(b) Field sequential (up to 735 scan lines per
frame, 150 fields per second, 600 television
lines per picture height resolution, 900
lumens of light flux output)

c. Optics
(1) Refractive
(2) Reflective.
2. Virtual Image Systems

a. Mirror/Beamsplitter Optics (illuminated by monochrome or
coior CRT, typically to 36 degrees vertical by 48 degrees
horizontal field of views, 18 percent light transmission
efficiency, can be arranged in row/column matrix for wide
angle coverage)

b. Pancake Window Optics (illuminated by high-brightness CRT
or television projector, up to 80 degree field of view,
1 percent light transmission efficiency, can be arranged
in a dodecahedron mosaic pattern for wicde angle coverage).

WIDE ANGLE VISUAL SYSTEMS

The results of the wide angle visual system survey are illustrated in
Table 2. Most of the aviation wide angle visual systems that are operational
now, or that will be operational within the next year, fall into seven basic
catagories. These catagories, or system types, are identified in Table 2 as
systems A through G. Performance parameters are listed for what is considered
to be the best of each system type. The generic type of eech visual display
subsystem is identified by letter code(s). These identity codes are defined

in Table 3. A brief description of each of the seven basic wide angle visual
systems is proviaed below:
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TABLE 2. WIDE ANGLE VISUAL SYSTEM PERFORMANCE PARAMETERS
Wide Angle Visual 1
Performance Parametefs -——_._Systems A B c D
i -
Background Display !
Type (See Table 2) H Ps ™ cp
Number of Chanrnels 2 1 6 7 i
Resolution, Center (Arc Min/OLP) Unknown 10-15 11 14 i
Resolution, Edge (Arc Min/OLP) Unknown 10-15 11 14 5
Field -of-View, Total (Deg) 360H X 150V 266HX137V 108H X 48V 240H xg:
Field-of-View, Per Channel (Deg) 60 CRT Insert { Not Applicable | 36H X 24V 75 i
Luminance (Ft-L) .1 5 to 1.0 8 6 i
Contrast 15:1 2031 10:1 .
Color PS-Yes, CM-Yes| Yes Yes No
Refresh Rate {No./Sec) Continuous &6{ Continuous 60 30 ;
Lag (Sec 0.05 A
Position Accuracy (Deg) 0.3 1 , Less t]
Geometric Distortion (Percent) Less than 1 Less than 2 Less t
Target Display 4
Type (See Table 3) CG/SR/cM CG/SR None None |
Resolution, Max FOV (Arc Min/OLP) || 1.7 6 - - :
Field-of-View, Max (Deg) 10 15 and 60 = =
Luminance (Ft-L) .4 1.5 to 3 - -
Contrast 15:1 - -
Color Yes, CG, M No - -
Refresh Rate (No./Sec) 30 30 - -
Lag (Sec) 0.1 - -
Position Accuracy (Deg) - -
Geometric Distortion (Percent) Less than 1 Less than 5 - -
Aircraft Flight Performance Envelope _
Altitude Range, Min/Max (Ft) 0/100,000 50/10,000 10,32,768 0/35,0€
Maneuvering Area (NM X NM) 4 X 11 502 or
Velocity (Knots) 1400 600 550 Unlimit
Acceleration (G's) 10 6 4 Unlimi{
Pitch Excurcions (Deg) Unlimited +90 Unlimited Unlimi{
Pitch Velocity (Deg/Sec?) 300 ¥120 60 Unlimit
Pitch Acceleration (Deg/Sec?) +180 80 Unlimi{
Roll Ex-ursion (Deg) Unlimited pnlimited Unlimited Unlimit
Roll Velocity (Deg/Sec) 300 +240 360 Unlimiq
Roll Acceleraiion (Deg/Sec?) . +960 150 Unlimi{
Heading Excursion (Deg) Unlimited | Unlimited Unlimited Unlimig
Heading Velocity (Deg/Sec) 300 +120 60 Unlit'n“i:
Heading Acceleration (Deg/SecQ) 300 +180 80 Unlimi{
Computer Rates
Motion Equations (Cycles Sec) 20 to 100 ' 20 and 40 20 i 7.5
Command Signals (Cycles,Sec) | Approx. 30 20 15
Display Size, Width X Lenath X Ht (Ft)i 20X20X20 1 16X16X1¢€ 11 x € x R 1 v 16
Dicplay Weiaht (Lbs) 6000 Approx. 1000 i 3000 12,000




1=

-
| C D E F c
-
: o CP cp TR PP
|6 7 8 3 1
1 i4 17 20 4 to 15
11 14 17 20 4 to 15
3 108H X 48V 240H X 160V 300H X 142v 180H X 60V 200H X 60V
ble | 368 X 24V 75 72 60H X 60V 200H X 60V
8 6 2 3 1 tob
2031 10:1 10:1 20:1 15:1
Yes No No Yes Yes
60 30 60 30 Continuous
} j0.05 .1 el 0.1
; 1 ., Less than1 |1 Varies w/Angle| Varies w/Alt
i Less than 2 Less than 1 Less than 2 Varies w/Angle| Varies w/Alt
None None CP/SR None None
- - 4.5 - -
40 - o
- “ - -
- 20:1 - -
- o No - -
- = 60 s -
- - 0.1 - -
: - - Less than 1 - -
- - Less than 2 - -
10/32,768 0/35,7" ©/65,000 " 0 to 500,000 {5 to 25,000
4X1 502 or 12502 | 50 X 50 200 X 200 4 X 4(X Scale)
550 Unlimited 800 Unlimited K X Scale
, 4 Unlimited =5 to +10 Unlimited K X Scale
: Unlimited Unlimited Onlimited Unlimited 120
3 60 Unlimited 60 Unlimited +40
|80 _ Unlimited 100 Unlimited +229
Unlimited Unlimited Cnlinited Unlimited 120
360 Unlimited 300 Unlimited +40
150 Unlimited 150 Unlimited 1224
Unlimited Unlimited Unlimited Unlimited Lnlipited
60 Unlimited 60 Unlimited +57.3
80 Unlimited 100 Uniimited 486
20 7.5 20 20 100/50/25 ’
20 15 20 20 25
11 x€x8 16 ¥ 16 x 13 § 14 x 17 x 13 | 21X1€X7 25X25X20
3000 13,000 i 9500 5000 Unknown ’
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TABLE 3. IDENTITY CODES OF VISUAL SYSTEM GENERIC TYPES

System Type
Identity Code System Description

CcG CRT (Cathode Ray Tube) projector gimbal mounted or
with gimballed optics and spherical display screen

cP CRT with pancake window, virtual image optics

0] CRT with mirror/beam splitter, virtual image optics

H Hybrid-point light source with spherical trans-

parency and spherical display screen plus a CRT
with virtual image optics

TF Television projector(s), front projected, with
spherical display screen

TR Television projector(s), rear projected, with
flat display screen

PP Point light source planar transparency and
spherical screen

PS Point 1ight source(s) with spherical transparency({ies)

SR Shrunken television raster capability with CRT

—_—
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System A is comprised of a spherical screen on which two -
aircraft target images are projected. A window with mirrvon/ s
beamsplitter virtual image optics is mounted in frout of the
cockpit. This window utilizes a CRT and two target projectors
to provide a virtual image display of the background scene and
the tarqget images within the forward 60 degree field of view.

A total of six target projectors are used, two on each side of
the cockpit and two for the forward virtual image window. The
target images are derived from two television cameras which
view gimbal mounted three-dimensional aircraft models. Each
target image is switched from one projector tpo another as the
target image traverses from one side of the screen to the other
or into or out of the forward 60 degree virtual image window.
The background scene is projected onto the screen by a sky-
earth projector comprised of two internally lighted transparent
hemispheres. The sky-earth projector is gimbal mounted behind
the cockpit ncar the center of the spherical screen. The sky
contains scattered clouds and the ground has a terrain pattern.
The hemispheres are rotated to create the illusion of aircraft
attitude and heading changes. The point light source is moved
within the terrain hemisphere to create the illusion of ground
grewth with altitude changes. No translational cues are pro-
vided in the background scene. The background scene for the
forward virtual image window is derived from a television camera
which views a background scene on a gimbal mounted sphere. Cur-
rently, a system of this type is being used as a research tool
in the design of new aircraft and aircraft systems. The forward |4
60 degree virtual imuge window is used in the design and develop- hid
ment of operational headsup display systems. This visual system

provides visual simulation for two-on-one air-to-air combat.

However, the system is limited in application since it lacks a

capability for taxiing, takeoff and landing, and translation

over terrain.

System B is comprised of a spherical screen on which a
background scene and a target image are projected. A sky-
earth projector, comprised of two internally lighted transpa-
rent hemispheres, is gimbal mounted above and behind the cock-
pit to project a skv and terrain scene. The sky and terrain
are without distinctive features except for clouds and a jagged
horizon representing distant mountain peaks. The hemispheres
are rotated to create the illusion of aircraft attitude and
heading changes. A narrow angle CRT projector is gimbal mounted
between the backgrcund projector and the cockpit to superimpose
an aircraft image on the background scene. The target image is
generated by a television camera which views a three-dimensicnal
aircraft model. The model is encapsulated in a transparent ball
which is servo driven to present the aircraft model in proper
perspective to the camera. This system can provide a high reso-
lution target image and a continuous display vith no image break-
up due to window interfaces, but it is limited in application.

»
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It does not provide adequate visual simulation for taxiing,
takeoff and landing, or translation over the terrain., Heavy
reliance must be placad on cockpit instruments particularly
when the horizon is net in view because the terrain scene
lacks any distinctive features., Currently, a system of this
type is being uged as an engineering development tool in the
design of new alrcraft.

System C is ccmprised of a matrix of high resolution color
television monitors and mirror/beamsplitter virtual image optics.
The wide angle image is derived from a high resolution color
television camera and a three-dimensional model board. The
camera is gantry mounted and is eguipped with a wide angle
optical probe. This system provides visual simulation for
taxiing, takeoff and landing and circling approaches and air-
to-ground weapons delivery; but it is a part-task simulator
which does not provide the high resolution target imagery for
air-to-air combat simulation. Currently, a system of this
type is being fabricated as an experimental visual system for
research in pilot training.

System D is comprised of multiple pentagon shaped display
channels which are mosaiced together tc form a partial dodeca-
hedron shell surrounding the cockpit. Each display channel has
a CRT with pancake window virtual image optics. Since the pan-
cake window optics are only one percent efficient, large, high
brightness, monochrome CRT's are used. Color CRT's with the
required brightness are beyond the state-of-~the-art. A visual
environment for taxiing, field takeoff and landing, aerobatics
and formation flying is provided by a CGI (Computer Generated
Imagery) system. Currently, a two-cockpit system of this type
is being installed for use as an experimental visual system
for research in undergraduate pilot training. This system is
limited in application since high resolution target imagery
is not provided for air-to-air combat simulation.

System E is comprised of multiple pentagon shaped display
channels which are mosaiced together to form a partial dodeca-
hedron shell surrounding the cockpit in a manner similar tc
System D, Each display channel has a CRT with pancake window
virtual image optics. Unlike System D, each CRT has a shruken
raster capability to provide high resolution target imagery.
The target imcgery is generated by a television camera which
views a gimbal mounted aircraft model. The background scene
of terrain and sky is computer-generated. The background and
aircraft images will be displayed in time sequence. The
background scene will be displayed on full size rasters while
the target image will be superimposed on the background with
a shrunken raster. The shrunken raster will provide high
resolution in the target image where it is needed. However,

. - v AR s gl
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the display electronics of each window will require very
hiah performance subsystens. These include wide bandwidth
video amplifiers and linear horizontal and vertical deflec-
tion systems. The deflection systems must be linear and
accurately matched to maintain image continuity as the
aircraft imaqe moves across window interfaces and to main-
tain prover image nerspective as the aircraft raster is
changed in size to simulate a change in target range. The
one nercent efficiency of the pancake windows necessitates
the use of high briahtness, monochrome CRT's. Currently, .
a two cockpit system of this type is being installed for
use as an experimental visual system for research in air
combat tactics and in air-to-air combat training. This
system is limited in application since simulation of take-
off and landina is not nrovided.

System F is comprised of a sinqgle row of flat rear
projection screens mounted side-by-side around the cockpit.
Each screen is illuminated by a color light valve television
nrojector. A CGI system feeds colored surface imagery to
each of the televisior projectors. A visual environment
is provided for taxiina, takeoff and landino, formation
flyino and weapons delivery. Currently, an experimenta’
system of this type is beina evaluated to determine its
potential for undergraduate pilot training. This system
is limited in aoplication since it lacks sufficient reso-
lution for air-to-air combat simulation.

Svstem G is comprised of a spherical screen and a
point iight source with a aimbal mounted planar transparency.
The airbal system translates anc¢ rotates the transparency
with respect to the noint light source to portray motion
of the simulated vehicle. The scale of the scene can
be chanaed in steps by changina the transparency. Some
downtime is required to change transparencies. The point
light source orovides a continuous wide angle disolay with
a translational background which is desirable for simula-
tion of taxiing, takeoff and landina. However, the point
light source has the disadvantaqes of relatively poor reso-
lution at close rances and low brightness, and a very limited
geographical area. The aevoraphical area is particularly
limited where low scale factors are used to provide the
needed resolution for takeoff and landing and low altitude
fliaht.
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SECTION V
DISCUSSION

HISTORICAL DEVELOPMENT OF VISUAL SIMULATOR TECHNIQUES

The histerical develooment of visual simulator techniques will be
addressed briefly to set the stace for discussion of current aoals po-
tentials, requirements and capabilities of wide anale visual technolngy.
Aviation visual systems date back as early as 1939 when a simple cloud
simulator was attached to a Link AN-T-18 bhasic flight trainer. The
cloud simulator was comnrised of a point light source which nrojected
cloud images from a film transparency onto a screen. Since this simple
beqinning, point light source techniques liave been refined, ontical
image generation systems have been devised, semiprogrammed motion picture
systems have been produced, and complex television systems with camera/
model, film, and computer image generation systems have been developed.
Current efforts are directed toward the refinement of existing tech-
niques and the develonment of new techniques particularly in television
and holography. For examnle, new television techniques are being devel-
oved to electronically inset high resolution target imagery into wide
angle backaround scenes, and new holographic techniques are being devel-
oped to provide flexible three-dimensional imagery for television display
systems.

Current visual simulation technology provides the capability to
simulate a visual environment for essentially all of the major flight
tasks on a part task basis. For example, National Aeronautics and Space
Administration (NASA) currentlv has in operation a two-cockpit Differen-
tial Maneuvering Simulator which provides the visual environment for two
pilots to engage in realistic air-to-air combat. This systam lacks the
capability of takeoff and landing. The Air Force is funding the develop-
ment of a two-cockpit Advanced Simulator in Undergraduate Pilot Training
(ASUPT) which provides the visual environment for taxi, field takeoff
and landing, aerobatics and formation flying. This system lacks the
high resolution taraet imagery reauired for air-to-air combat. A single
full mission simulator with high resolution target imagery for air-to-air
combat and with sufficient backaround detail for takeoff and landing re-
mains a research and development goal.

NEAR TERM GOALS

Near term goals for the next two to three years are to assimilate
the sum total of existina visual system knowledae and to use this know-
ledae in the enaineering development of wide angle visual systems to
meet immediate part task traininag requirements. The Navy's Aviation
Wide Anale Visual Program will nrovide this knowledge through a contin-
uina survey of Government and industry research and development efforts

1
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and through the in-house advanced develonment of flexible cockpit-motion,
visual systems. One system will L2 developed for Conventional Takeoff
and Landing (CTOL) aircraft simulation and a second system will be de-
veloped for Vertical Takeoff and Landing (VTOL) aircraft simulation.

Each system will use independent television projectors and a wide angle
screen. Wide angle projection techniques will be used to display the
background scene over a wide area while narrow anale target projectors
will provide high resolution target imagery over a smaller area. The
projectors will be fed from a flexible image storage system which will
include three-dimensional models, two-dimensional film, and computer-
generated imagery. The objectives of the Aviation Wide Angle Visual
Program are: (1) to develop and demonstrate the capability and training
effectiveness of wide angle visual systems with high resolution target
imagery; (2) to provide a flexible image storage system includina 3-di-
mensional models and computer-generated imagery; and (3) to develop
flexible cockpit-motion-visuxl systems for CTOL and VTOL simulation.

The CTOL and VTOL installation will provide the basis tor the developmant
of future advanced flight simulators with wide angle visual systems. The
hardware, developed by this program, will provide a flexible, modifiable
development and analysis tool with which future advanced flight simulator
and visual system designs can be tested and evaluated. The results of
these tests will establish design criteria, and will demonstrate feasi-
bility and capability of new visual-motion systems suitable for contract
procurement. Figure 1 illustrates the information flow within the Naval
Training Equipment Center. This flow of information is essential to
accomplish the research and engineering goals.

MIDTERM GOALS

Efforts over the next three to five vears will be directed toward
general upgrading of near term capabilities and determinina the most
effective mix of visual system techniques. For examole, the Aviation
Wide Angle Visual Program will develop advanced real image display
techniques with dynamic backaround imagery and will explore the best
mix of camera/model, film, and computer-generated imagery.

LONG TERM POTENTIALS

The potential for the next five to ten years is to provide full
field of view simulation with high resolution imagery over a wide area.
[t is anticipated that computer-generated imagerv has the potential to
accomplish this objective for most, if not all, pilot training tasks.
With further advances in display technoloqy, the visual capabilities
for a full mission flight simulator may be developed within the next
five to ten years.

FLIGHT TRAINING TASK REQUIREMENTS

Since each flight training task has a unique set of visual simu-
lation requirements, the requirements will be listed individually for

¢
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NAVTRAEQUIPCEN IH-237

each major CTOL and VTOL training task. However, the cited visual
system requirements are based on engineering judgement rather than

on any in depth analysis. A detailed analysis of specific flight
training requirements should be made orior to the procurement of

any aircraft specific wide angle visual system. Human factors data
froT the Avialion Wide Angle Visual Program will contrilute to future
analyses.
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(;) CTOL TRAINING TASKS
1. Circling Carrier Takeoff and Landing (day and night)
a. Wide angle seascape
b. Carrier image with wake (maneuverable within wide seascape)
c. Colored point lights

(1) FLOLS (Fresnel Lens Optical Landing System)
(2) Deck lighting (night)

d. Special Effects
(1) Fog and haze
(2) Overcast and undercast
(3) Visual breakout
(4) Seastate (carrier roll, pitch and heave)

2. Field Takeoff and Landing (day and night)

a. Narrow viewing angle (wide viewing angle preferred for
circling approach)

4 b. Airfield visual environment
c. Colored point lights

(1) Field FLOLS
(?) cCultural and runway lights

d. Special Effects
(1) Fog and haze
(2) Overcast 3nd undercast
(3) Visual breakout
3. Air-to-Air Combat (day)

a. Wide angle sky/ea.th scene {with ground growth for altitude
cue)

b. High resolution aircraft image(s) (maneuverable throughout
the sky/earth scene)

c. Special effects

(1) Grayout (due to high G forces)
(2) Undercast

15
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5.

6.

7.

A comprehensive list of basic jet aircraft maneuvers is provided in
Table 4.

NAVTRAEQUIPCEN IH-237

Air-to-Ground Weaponry (day)

a.

b,

Co

Wide angle sky/terrain scene (with ground'growth for alti- -
tude cue)

High resolution ground target (target circle, tank, etc.)
Special Effects

(1) Grayout (due to high G forces)

Formation Flight (day)

Ao

b.

Co

wide angle sky/earth scene

Formation flight aircraft image (maneuverable throughout
the sky/earth scene)

Special Effects

(1) Fog and haze
(2) Undercast

In-Flight Refueling (day)

de
b.

Ce

Wice angle sky/earth scene ©E
Tanker aircraft image
Special Effects

(1) Fog and haze
(2) Undercast

Aerobatics (day)

de

Wide angle sky/earth scene (with ground growth and transla-
tion)

The adequate and desired field of view requirements are indi-
cated for each maneuver. These data were taken from reference 1.

VIOL TRAINING TASKS

1.

de

b.

Ship Takeoff a.d Landing (day and night)

Wide angle seascape

Ship image (maneuverable within wide seascape)

16
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TABLE 4. ESTIMATED FIELD OF VIEW REQUIREMENTS

FOR BASIC JET AIRCRAFT MANEUVERS

0 otH oA Tmoe oo e
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Adequate Desired
Maneuver - '
H v i H v
Carrier Rendezvous (Wingman) 150 v 180
Carrier Approach and landing 180 45 _ 240
Takeoff - 120 IV 180 | 90
Landing Pattern Entry (Break) 180 45 : 240 | 60
Landing Pattern 180 45 P20 60
" Turn Pattern b 120 ; 180 .
‘ Clearing Turns I 120 60 180 . 90
' Break-Turn Stall ¢ o120 180
- Power Off Stall 120 180
Landing Attitude Maneuver 120 180
Landing Attitude Stall 120 180
Approach Turn Stall 120 1 180
Steep Turn Stall 120 i 180
Boost Off Exercise 120 ; 180
Spin 120 105 ! 180 145
Minimum Radius Turn 120 . 180
Aileron Roll 25 i 25
' Barrel Roll 180 90 P 240 120
Wingover 180 90 , 240 120
Loop 120 135 | 180 | 180
Inmelmann 120 13 || 180 | 180
One-half Cuban Eight 120 . 135 1 180 180
Low Visibility Approach 180 60 ' 240 90
Section Takeoft (Wingman) 150 - 180
Section Parade (Wingman) ' 150 ; 180 ; 30
Parade Turns Out (Wingman) | 150 o 180
Parade Turns In (Wingman) 150 i 180 30
Bisic Crossunder (Wingman) F150 7% 180 90
Break-Up and Rendezvous (Wingman) 150 I 180
Underrunning (Wingman) 180 ii 240 30
' Lead Change (Old Leaderg 240 ' 75 240 120
section Cruise (Wingman 120 | 45 180 45
Standard Crossunder (Wingman) 15 75 , 180 % !
Cruise Turns Qut (Wingman) 120 60 180 30
Cruise Turns In (Wingman) 120 | 60 180 | 90
Division Balanced Parade (Wingmen) 150 5 180 | 30
Division Echelon Parade (Wingmen) 150 Ly 180 + 30
Division Joinup (Wingmen) 150 180 1 30
Division Lead Change (Old Leader) 240 | 75 | 240 | 90
Gunnery Pattern ERE j} 320 J 30 |
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c. Point lights (night)
d. LSE (Landing Signal Enlistedman)

e. Special Effects

(1) Fog and haze

(2) Overcast and undercast

{3) vVisual breakout

(4) Sea state (ship pitch, roll and heave)

Field Takeoff and Landing (day and night)
a. Narrow angle (large depression angle for chin windows)
b. Airfield visual environment
c. Special Effects
(1) Fog and haze
(2) Overcast and undercast
(3) visual breakout
Confined Area Maneuvering (day and night)
a. Narrow viewing angle (large depression angle for chin windows)
t. Confined landing area visuval environment

c. Special Effects

(1) Fog and haze
(2) Beacon light (night)

In-Flight Refueling from Tanker Aircraft (day)

a. Wide angle sky/earth scene

b. Tanker aircraft image (maneuverable within sky/earth scene)
c. Special Effects

(1) Fog and haze
(2) Undercast

In-Fiight Refueling from Ship Fantail (day)

a. Wide angle seascape

18
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b. Ship (oiler) image (maneuverable within seascape)
c. Special Effects

(1) Fog and haze
(2) Undercast

6. Search and Rescue (day)
a. Wide angle seascape and/or terrain scene
b, Survivor image
. 7« Air-to-Ground Weaponry (day)

a. Wide angle sky/terrain scene (with grcund growth for alti-
tude cue)

b. High resolution ground targets
8. Autorotation (day)

a. Wide angle sky/terrain scene (with ground growth for alti-
tude cue)

b. Landing area visual environment
TRAINING PRIORITIES

Training priorities will be establishad .ith the continual guidance
from NAVAIR and CNO. Training cost effectiveness will depend upon sub-
stitution ratios as dictated by DoD, the number and capability of simu-
lators available, and the utilization ratio of the fleet.

PRESENT VISUAL SYSTEM LIMITATIONS

A summary of present and near-term visual system characteristics is
provided in Table 5. The range of performance values is shown for each
system parameter. The system or systems that exhibit each end of the para-
metric limit are identified by letter codes. Performance parameters for
each system type are listed in Table 2, and a description of each system
type is provided in Section 1IV.

1t would be desirable to build a system with all of the favorable
parametric values of Table %, the more favorable value being sonetimes at
the lower 1imit and some the upper limit depending on the parameter. Un-
fortunately, this is not poscsible because many of the parameters involv:
tradeoffs with other reiated parameters. Table 6 indicates some of the
parameters that interact in visual systems. In g2neral, improvement of
one parameter will result in the degradation of a related parameter.

19
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TABLE 5. RANGE OF WIDE ANGLE VISUAL
SYSTEM PERFORMANCE PARAMETERS

— - e 1 — e e
Performance Parameters irll‘_wﬂnumé‘y;t : L System
— ! Dpsta  Typer] Data _ T
Background Display ! i
Number of Channels ! 1 B 8 N -
Resolution, Center (Arc Min/OLP) 4 G 20 i F
Resolution, Gdge (Arc Min/OLP) 4 G 20 t F
Field-of-View, Total (Deg) 108 x 48 o 300 x 142 | E
Field-of-Views, Per Channel (Deg) 36X24 C 360 [ a
Luminance (F:-L) .1 T § 8 s c
; Contrast ¢ 10:1 D,E 20:1 i CyF
: Color Monochrome D,E Full Color .C,F,G
: Refresh Rate (No./Sec) 30 D,F Continuous 1 B !
Lag (Sec} .05 c .1 .D,E,P, t
, Position Accuracy (Deg) o3 B aries w/Alt' g .
i ' Geomeiric Distortion (Percent) ‘Less than 1 B,D,E fvaries w/Alt! ] j
; ' i f
- Target Display f "
Resolution, Max FOV (Arc Min/OLP) . 1.7 A 6 ' B
Field-of -View, Max (Deg) " 10 A 60 B
Luminance (Ft-L) 0.4 A 8 LB
Contrast 15:1 B 20:1 [ !‘
Color Monochrose g g Full Color | A ||
Refresh Rate (No./Sec) 30 A,B 60 ' E
Lag (Sec) 0.3 B,E 0.1 ' BE |
Position Accuracy (Deg) 1 . E Less thanl | E
Geometric “istortion (Percent) Less than 1 p Less than 5, B "
Aircraft Flight Performance Envelope | i i
Altitude Range, Min/Max (Ft) 50/10,000 ' B 0/500,000 F
Maneuvering Area (NM X NM) 4x4 (X Scale) G 1250 X 125y D
Velocity (Kncts) 550 G ' 1400 Al
Acceleration (G's) 0.09 . G ' Unlimited ' D,F ;!
vitch Excursions (Deg) +20 G L Unlimited "p,qqn'p "
Pitch Velocity (Deq/Sec?) +40 G ' Unlimited D,F "
Pitch Acceleration (Deg/Sec”) . 80 ©C ! Unlimited I D,F 3
Roll Excursion (Deq) . 420 ¢+ G | Unlimited  ABGDEF |
Roll Velocity (Deg/Sec) +40 |G | Unlimited D,F -
Roll Acceleration (Deq/Sec”) 150 i C | Unlimited  D/F %
lieading Excursion (Deg) - Unlimited ' All | ynlimiteda & All |
Heading Velocity (Deg/Sec) 57.3 G | ynlimited . DsF
Heading Acceleration (Deg/Sec?) 80 - C | Unlimited | D,F i
. § |
~Computer Rates ] !r
' Motion Equationc (Cycles/Sec) 7.5 D 1 100 " a,G
Command Signals {Cycles/Sec) 15 D [ 30 : B
5 ¥
Display Size, Width X lLenqth X Ht (Ft) ; 11 x 8 x 81 c 25 x 25 x20 g
3 , Display Weight (Lbs) il 1000 ' B f! 13,000 i D
1 i - e * — 5 . - 5 B e ! ! _
* See Table 2. 20 '
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TABLE 6. VISUAL SYSTEM PARAMETER INTERACTION
o=t
@
c ®
o [$)
© ~
e 3
O o
@ w
- ~
. | @ c
T e = Q. [3) >
- PERFORMANCE el i (N
Ll o ol o] a
(&) ol + " "
PARAMETERS |l Tl o &l 21 a
o Y Q + @
o} [=4 1] L [ G
- L) 1} 5] (7] (o]
ef ol €] s« ] o @
al | 2l £l el &l o] g
AEIEEEEEE
Zl wl A{ Oof ol ] =H] &=
Number of Channels X X
Field-of-View per Channel X X
Resolution XXX |X X
Luminance X XX} X X
Contrast X XiX
Color X1X X
Refresh Rate X X X
Lag X X XX
Position Accuracy XX 1X
Geometric Distortion X X | X
Maneuvering Area X
Display Size XX X
Display Weight X X
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For example, a wide field of view is usually accomplished at the
e:pense of image resolution and brightness. Figures 2 and 3 illustrate
some of the constraints encountered in the tradeoff of resolution and
brightness for a greater field of view. The family of curves in Figure
2 indicates that the limiting resolution of a television display system
is degraded as the display field of view is increased. The family of
curves in Figure 3 indicate that the brightness of a projected image on
a spherical display screen decreases as the display field of view is
increased.

The resolution of a target image can be improved by decreasing the
projection angle of a zoom projector lens. This effect is illustrated
in the family of curves in Figure 4. Two desirable features of a pro-
jector zoom lens are apparent in this family of curves. First, the
variable image magnification offers a means to simulate changes in
target range, .and secondly, the compression of the target information
improves the resolution of the small target image where high resolution
is needed most. The zoom projector technique will be used in theAvia-
tion Wide Angle Visual Systems to provide small target imagery with
resolution that approaches the limit of the human eye (approximately
one arc-minute).

ASSESSMENT CRITERIA FOR ACCEPTANCE OF FIELD EQUIPMENT

A comprehensive list of tests and acceptance criteria for field
visual systems is provided in Appendi