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SECTION V

SIMULATION SURVEY

A state-of-the-art questionnaire was prepared for use in a survey
of the visual simulation industry. The main purpose of the survey was to
compile descriptions of existing design principles or techniques, of a ‘non-
proprietary nature, that may be applied or adapted to a virtual image display
system in such a way that current designs may be further enhanced in such
areas as field of view, eye relief distance, exit pupil size, and other parameters.
This section includes: (A) the state-of-the-art questionnaire; (B) a list of
industrial concerns, research institutions, and governmental agencies fo which it
was sent, and (C) a summary of replies. Every effort was made to adhere closely

to the basic confent of the replies in the course of editing them for greatfer brevity.
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A. STATE-OF-THE-ART QUESTIONNAIRE

Dear Sir:

The Farrand Optical Company, under Contract NAS 9-3678, is currently engaged
in a study of virtual image, out-the-window display systems for the National Aeronautics
and Space Administration. The objective of the program is to further the NASA flight sim-
ulation facility program for virtual-image out-the-window displays. This study will re-
sult in a statement of work for the design, development and construction of g very wide

field of view display system whose configuration will be established at that time in con-
currence with NASA,

As part of the study effort, a comprehensive sprvey is being made of the staterof -
the-art of virtual image out-the-window display systems. Significant parameters, some of
which follow, are being defined. An evaluation of the trade~offs or compromises that-may
be, or were, necessary to achieve a set of desired characteristics shall be included:

a) Field of view and format of field

b) Exit pupil and exit volume

c) Eye relief and clearance problems in inserting an image into a simulator cockpit

d) Distortion control

e) Image quality, contrast and resolution

f) Image illumination

g) Insetting methods for various types of input devices such as cathode ray tubes,
film, direct projection from models, etc.
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It is obvious that many of the paramefers undér consideration are common to other
techniques and approaches used in visual simulation. For this reason, leading or-
ganizations (private compames, research institutions, and governmental agencies)
engaged in some capacity in the design, development and/or evaluation of visual
simulation techniques or devices are being cantacted for thl§ survey. You and your

orgamzuhon may be able to help us in this eﬂ’orf The typé of information that will

aid us is, in genéral, embodied in this group of basic questlons‘

) If you are; or have been: Engaged in the design and/qr development of
visual simtlation techniques or devices, what basm techniques are, or
were, usedi'-’

2 If you are, or have been engaged in the evaluation of visual simulation
techniques or devices, what basic techniques are being, or were,
evaluated?

3)  Which of the parameters mentioned above are considdrations in your
techniques, devices or evaluation?

4) In your estimation, do any of the system components or techniques you
are using represent improvements in the state-of-the-art?

5) If your answer to question 4) is YES, can you elaborate, or are
proprietary interests involved?

6)  What is the full name by which your technique or device is known?
What specific vehicle or situation is it planned for'-’ Is it adaptable
to other vehicles or situations?

If it appears, from your answers to the above questions, that personal contact will
improve the chances of maximum results from this study program, Farrand will re-
quest clearance to visit your facility. It is intended that non=-proprietary material
resulting from this study will be made available to cooperating organizations.

K

The Farrand Optical Company is actively engaged in the design and developmoﬂt

of virtual image display systems. for flight simulator out-the-window displays. Thus,

in soliciting your cooperation in this survey, Farrand qcknowledges that proprietary

interests could conceivably create a conflict at some Future date. It is for this
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reason that the Farrand Optical Company discourages the disclosure at this time of any pro~-
prietary methods or techniques which have not been properly protected by your company.
However, since the report of this study has every indication of being a limited access docu-
ment, it would be to your benefit to describe in generalized terms your current advances In

the state-of-the-art of visual simulation for inclusion In said report. Again it is emphasized
that disclosure of specific engineering principles and designs is not only discouraged but likely
to be refused. The intent of this report is to make known to NASA and other interested agencies
the current state-of-the-art.

Any suggestions, comments or literature you may offer to aid us in this program will be apprec-

iated.
Very truly yours,
FARRAND OPTICAL CO., Inc.
R.H. Bull
Project Manager
RWT:RHB:sp
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B. ORGANIZATIONS SURVEYED

ACF Electronics Div.
ACF Industries, Inc.
Riverdale, Maryland

Aerojet-General Com.
9100 E. Flair Dr.
El Monte, California

Aeronutronics
Div. of Ford Motor Co.
Newport Beach, Calif.

Aircraft Armaments, Inc.
Cockeysville, Maryland

Ames Research Center
Moffett Field

Sunnyvale (Mountain View)
California

Aviation Medical Acceleration Lab.
NADC
Johnsville, Pa.

Bell Aerosystems Co,
Div. of Bell Aerospace Corp.
Buffalo, N.Y.

Bell Helicopter Co.
Fort Worth, Texas

Boeing Co.

Verrol Div.
Morton, Pa.

10.

12.

15.

7.

Boeing Co.
Renton, Washington

Boeing Co.
1103 SW 166th Street
Seattle, Washington 98166

Boeing Co.
Wichita, Kansas

Cornell Aeronautical Laboratory, Inc.
P.O. Box 235
Buffalo, New York

Curtiss=Wright Co. - Electronics Div.
35 Market Street
E. Paterson, N.J.

Dalto Electronics Corp.
38 Odak Street
Norwood, N.J.

Douglas Missile & Space Systems Division
2730 Ocean Park Boulevard
Santa Monica, California

Prexel Dynamics Corp.
Maple Avenuve
Horsham, Pa.

GAEC :
NADC Airborne Instrument Lab.
Johnstown, Pa.




20.

2l.

22.

23.

24,

25.

26.

27.
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General Dynamics/Electric Boat
89: Eastern Point Road
Gtoéton, .Conn.; '

General Electric Co.
Missile & Space Div,
Spacecraft Dept.
P.O. Box 8555
Philadelphia I, Pa.

General Electric Co.
Technical Products Dept.
Syracuse, N.Y,

General Electric (S.T.C.)
Valley Forge, Pa.

Goodyear Aerospace Corp.
Akron 15, Ohio

- Grumman Aircraft Engineering

Corporation
Bethpage, N.Y.

Honeywell, Inc.
Comporate Offices

2747 Fourth Avenue South
Minneapolis 8, Minnesota

Honeywell, Inc.
Simulation Studies Group
1360 Soldiers Field Road
Boston, Massachusetts

Hycon Mfg, Co.

700 Royal Odks Dr.
Box 668

Monrovia, California

28.

29.

30.

32.

34.

35.

36.

International Business Machines
Data Systems Div. Development Laboratory
Neighborhood, Road
Kingston, N.Y.

Jet Propulsion Laboratory
Calif. Inst. of Technology
Pasadena, Calif.

Ling-Temco-Vought, Inc.
PO Box 5907
Dallas, Texas 75222

Link Division

General Precision inc.
Simulation and Control Group
Binghamton, N.Y,

Lockheed Missile and Space Co.
Department 465
P.O. Box A504
Sunnyvale, California

Marquardt Corp.
Pomona, Div.

2771 N, Garey Avenue
Pomona, California

Martin Co.
Baltimore, Maryland

Martin Co.
Denver, Colorado

The Matrix Comp.
507 18th Street S
Arlington 2, Virginia



37.

38.

39.

40.

41,

42.

44,

McDonnell

Electronic Equip. Div.
P.O. Box 516

St. Louis, Mo. 63166

Melipar, Inc.
3000 Arlington Blvd.
Falls Church, Virginia 22046

MGD Research and Development
Cormoration

Subsidiary of Mighle-Goss-Dexter,
Incorporated

92-10 State Highway #208

Fair Lawn, N,J. 07410

National Cash Register Co.
Electronics Division
Hawthorne, California

Norden Division
United Aircraft Com.
Helen Street
Norwalk, Conn.

No:th American Aviation, Inc.
5701 W. Imperial Highway
Los Angeles, California

North American Aviation, Inc.
Columbus Division

4300 E, Fifth Avenue
Columbus 16, Ohio

North American Aviation, Inc.
Space & Information Sys. Div.
12214 Lakewood Boulevard
Dowrey, California

Northrup Corp.
Norair Div.
Hawthorne, Calif.

47 .

48,

49.

50.

51,

52.

53.

54.

Oxford Corp.
5727 Main Street
Buffalo, N.Y. 1422l

Radio Corp. of America
Defense Electronic Products
Burlington, Mass.

Radio Corporation of America
Front & Cooper Sts.
Camden 2, N.J.

Reflectone Electronics, Inc.
Stamford, Conn.

Rheem Electronics
5250 W. El Segundo Blvd.
Hawthorne, California

Rheem Manufacturing Co.
7777 Industry Avenue
Rivera, California

Ryan Aeronautical Co.
San Diego, California

Sikorsky Aircraft
Stratford, Conn.

Sylvania Electronic Systems
Eastern Needham, Mass.




55.

56.
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University of lllinois
Urbana, lHlinois

Vought Astronautics Diy.

Chance Vought Comp.

Dallas, Texas




P .5 e

Summary of Replies

|. Aircraft Armaments, Inc., Cockeysville, Maryland 21030

Although this company has been very active in the simulation
field, this activity has not extended significantly into the visual area.
The visual portions of simulation systems have been fumished to them
under subcontract. They are therefore not in a position to fumish
information of the type requested.

2 Ames Research Center, Moffett Field, Califomia 94035

This Center has been engaged in research on aircraft and space-
craft simulation problems using a number of different visual techniques.
The research goals have dictated the acquisition of a number of different

cue-producing devices which are assembled for a given research project

in accordance with the cues most important to that project.
For aircraft use, three basic image generation devices have been

used. These devices are basically servoed television cameras viewing

aircraft runways. All of these systems present a view angle of approxi-
mately fifty degrees horizontally with the conventional 4:3 aspect ratio,

595 scan line, 30 frames per second television picture. When used with

a fixed cab or a cab of moderate motion, the image had been presented

by means of Schmidt projectors with the screen positioned so as to give the
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proper view angle with a picture 6-10 feet wide cenfered obouf:i'he
captain's seat. For presentations of this type, no attempt has thus
far been made to collimate the display.
Spacecraft research simulations at the Ames Research Center,
in which an out-the-window scene has been used, have thus far been
limited to guidance, control, and navigation studies in the midcourse
portion of the mission. The Midcourse Navigation Simulator has been
the principal facility used for these investigations. The star field is
located on a board 40 feet from the cab and contains background stars
of subliminal size. In addition, four highly accurately placed collimated
navigation stars are used together with a collimated moon landmark for
research in navigational instruments and techniques. The collimated stars
and landmark allow measurements to be taken to an accuracy of four arc
seconds with some freedom of motion of the navigational instruments.
Because of the number of different image generators and display
devices and the capability of combining them with different vehicle cockpits
and motion generators, the limitations imposed on the out-the-window devices

in any research project depend upon the experimental design of that project.
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3. Comell Aeronautical Laboratory, Inc., Buffalo, New York 14221

Comell reviewed the subject matter and decided that they are
not in a position to offer assistance at this time.

4. Curtiss~Wright Comoration, Electronics Division, East Paterson, N.J.

The Electronics Division developed the VISULATOR visual simulation

equipment. However, they have not been active in the visual simulator

—3%
— product line for several years and, except for information in a VISULATOR
‘—‘ - . -

brochure, had no information to submit.
_‘ 5. Drexel Dynamics Comoration, Horsham, Pennsylvania
— Drexel is unable fo contribute any new technical information in the
-‘ - - . - - - L3

field of virtual image, out-the-window displays at this time.
_— 6. Genenal Dynamics, Electric Boat, Groton, Connecticut 06340
—= For over eight years, General Dynamics/Electric Boat has been directly
—»

involved in the design and development of tactical training devices (including
- submarine, land warfare, and surface ship operations) and scientific displays
— employing visual simulation techniques. The following is a partial list of
. .

General Dynamics/Electric Boat recent or current developments in this field:
- a. Amor Leader Tactical Trainer (Device XI7ARI)
— General Dynamics/Electric Boat developed a system for the
—w

’ Amy Participation Group at the U.S. Navy Training Device Center.

-




The training complex consisted of a 1/20 scale maneuvering
area on which radio controlled vehicles, some of which carry
self-contained television cameras/transmitters, operate in a
simulated tactical arrangement under the control of student
armor leaders. Twenty assorted friendly and opposition tanks
and personnel carriers can be operated on the terrain at any one
time, under the confrél of students located in balcony control
booths. This system has proved very effective in the simulation
of the "feeling" of driving a tank. For an expanded version of
this fraining device, General Dynamics/Electric Boat is experiment-
ing with 3-D television systems.
b. Periscope Optical Servo System
The Periscope Simulator was designed to handle 16 targets
at ranges 600 feet to infinity, with speeds zero to 35 knots, and
with sea state, time of day, shadows, and weather conditions included
in the design considerations. This system was able fo accomplish
realism by utilizing scale model ships, servo activated, projected
on a translucent screen using reflected light. Range and closing. speed

were achieved using an electrically controlled zoom lens.

&>
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c. General Dynamics/Electric Boat "EB 3-D" System

The Smithsonian Institution requested General Dynamics/
Electric Boat to develop a system suitable for the demonstration
of various atomic theories for their newly constructed Hall of
Science. Under contract, Electric Boat developed a 3-D obfical
system that presents apparent 3-D objects in space. Upon the
development of this optical system, referred to as "EB 3-D", the
Smithsonian Institution planned three major exhibits for fabrication:
the Rutherford Bombardment Chamber, the radioactive atom, and
the discovery of the nucleus. Of these, the Rutherford Bombardment
Chamber has been fabricated, and the rqdioacfive atom was scheduled
to be completed by July 1, 1965.

The "EB 3-D" system is based on an image splitting glass that
has a special optical coating on both sides. Each of these displays
has a particular requirement for mechanisms to produce the appearance
of various sub-atomic particles traveling through space. The system,
which will also be in wide use af the 1967 World's Fair (Montreal), is
applicable to portraying environmental ana physical conditions (space,

ocean currents, the aurora borealis, etc.).
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d. 3-D Television System

General Dynamics/ Electric Boat is currently investigating
3-D television systems for use in wide variety of visual simulation
systems. Of particular interest is the application of such a system
to the Armor Leader Tactical Trainer.

(The letter from which the foregoing was condensed resulted
in a facility visit by the Farrand Optical Company. See General
Dynamics/Electric Boat in Section VI: Facility Visits.)

7. General Electric Company, Space Technology Center, Missile
and Space Division, Valley Forge, Pennsylvania

The Missile and Space Division of General Electric has conducted
experiments utilizing two dimensional TV display presentafiohs. Only
state-of-the-art visual display techniques were used. No comparative
evaluations were made of visual simulation techniques or devices.

8. Goodyear Aerospace Cormporation, Akron |5, Ohio

Goodyear Aerospace Corporation (GAC) is engaged in the design,
development, and evaluation of visual simulation techniques for use in
training devices and research tools. Simulated vehicles include various

aircraft, spacecraft, and land and sea roving craft.




A contract with the U.S. Department of Health, Education,
and Welfare was recently completed for an automobile driving simulator
test model. A test and evaluation program is presently being conducted
by GAC Human Factors scientists, to determine its adequacy for driving
behaviour research.

The automobile driving simulator operates in real time. The visual
scene is generated by a servo-controlled optical F;robe moving over a three-
dimensional relief model. A closed circuit television system provides the
relay link between the generation system and the display. It operates with

675 scan lines and has a system bandwidth of 10 megacycles. The scene is

projected onto a large curved screen positioned a few feet in front of a

standard size automobile. The 9 ft by 12 ft screen is a rigid structure of

exceptionally light weight. The semi-specular characteristics of the screen
offer a gain of 22 with an effective exit pupil of 2 ft.
Other visual systems have been produced by GAC which allow true

stereoscopic viewing of real time visual data. This has been accomplished

without the need for special devices which the operator must wear. (Separate
exit pupils are provided for each of an observer's eyes.)
Additionally, GAC has developed means for providing virtual image

display systems with widely overlapping fields of view for two-man displays.

.
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No obstructing media which would require special compensation in
vehicle components such as size, location, or function are interposed
between the men and display. Their approach to this system is considered
proprietary; however, they feel it represents a significant advance in the
state-of-the-art. The technique is made possible by their ability to
fabricate very large shaped mirrors of appropriate optical and physical -
characteristics. The fabrication process results from corporate research
programs in materials technology .

9. Grumman Aircraft Engineering Corporation, Bethpage, Long Island, N.Y,

Grumman has designed and developed some visual display equipments
and devices in-house on occasion, but it has been a standing company policy
to specify these subsystems and procure them from specialty houses. In this
light, their design experience has been limited and knowledge is drawn
mainly from what others have done in this field and their evaluation of these
efforts,

In answer to the Farrand Optical Company questionnaire:
|. Basic techniques used:

a. Moving 35mm color slide projection on rear viewing screen; FlIF=|

and A6A roll divergence and longitudinal flying qualities simulations.

b. Point light source reflective rear viewing screen projection; various

V/STOL studies, LEM Lunar Landing, Missile Teminal Homing

study, Carrier Landing study.
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Front and rear viewing screen TV projection for LEM
Engineering Simulations. Terrain and CSM scenes
generated by six degree of freedom scanning systems.
Starfield and blinking light CSM generators. TV scene
mixing and electronic occulting using color and dichroic
filter system.

Large screen, direct TV viewing on a CRT monitor (27 inch);
MOLAB,

Electronic display generation; lissajous patterns and analog

function generators driving a CRT.

2. Evaluation of visual simulation techniques:

a. GAEC has more or less continuously evaluated all types of state

of the art systems. Evaluation has not been to a deep technical
level in most cases.

Most recent review was for LEM trainer display procurement.
The value of a stereo scanner was evaluated.

Color presentation was evaluated.

Cinerama evaluated .

deFlorez Projector evaluated.

Thermoplastic Picture Recorders evaluated (General Electric).
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h. Image "squeezing" using anamorphic lenses.
3. Parameters of interest:

a. All those 'isfed on page | of the Farrand Optical Company

questionnaire.

b. Model scaling and entrance pupil size.

c. Size and weight of presentation device.

d. Lighting spectrum bandwidth.

e. Servo drive compatibility.

f. Noise

g. Depth of field/automatic focus.
4. Improveménfs of state~of-the-art:

> a. Yes

5. Partial Elaboration of (4):
a. Use of surplus Nike-Ajax radar pedestals as spherical coordinate
terrain map scanner transport systems.
b. "Inside-out moon ball" combined with (a). Uses barrel distortion
of optics in the scanner to curve the moon surface "outside-in" .
6. Name of technique:
a. Nike~-Ajax scanner transport system (Scanoptic Viewing Head).

b. Used for LEM Engineering Simulators.

c. Adaptable to other vehicles.
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10. Honeywell, Inc., Military Products Group, California Ordnance
Center, West Covina, California 21790

Honeywell feels at the present time that the investigations and work
presently underway at Honeywell in the field of visual simulation are
proprietary and oriented to specific programs which they are pursuing.
actively. For that reason they must at this time decline to participate
with Farrand and other developers of visual display systems in the study for
the National Aeronautics and Space Administration.

Il. Intemational Business Machines Corporation, Data Systems Div.,
Kingston, New York

(The Farrand Optical Company questionnaire was forwarded to the
IBM, Owego, New York facility, and culminated in a facility visit. See
International Business Machines in Section VI: Facility Visits).

2. Ling-Temco-Vought, Inc., Astronautics Division, Dallas, Texas 75222

LTV have made a Manned Aerospace Flight Simulator. They do not
currently employ the use of a virtual image display system; however, they
are presently investigating the advantages of using this type of system.

I3. Ling-Temco-Vought, Inc., Military Electronics Division, Dallas, Texas 75222

The type of display required for this program is not within the field of
endeavor of LTV Military Electronics Division. A plotting-projection display

system is in production at their facility.
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