
-~~~~ 
---- -- 

—~~~~~-- -~~

- 

Ke~ a~h 4~ii 
7~~/5~

iEVEL4 62
DESIGN RATIONALE AND PERFORMANCE SPECIFICATIONS

FOR A

VISUAL FLIGHT RESEARCH FACILITY (VFRF)

Final Technical Report - November 1975

Barry C. King
Edw ard L. Griffin D D CJames G. Ohmart 

~~ -.fl
Adolph D. Riebenack

c v c

* I L J

MARTIN MARIETTA AEROSPACh.
P. 0. Box 5~ 37

Orlando , Florida 32R05

~~~~~~~~~~~~~~~~~~~~~~~~ &~#,/.m,7~’d



,,, 

THIS DOCUMENT IS BEST 
QUALITY AVAILABLE. THE COPY 

FURNISHED TO DTIC CONTAINED 

A SIGNIFICANT NUMBER OF 
PAGES WHICH . DO NOT 

REPRODUCE LEGIBLYo 



Unc lassified
SECURITY CLASSIFICA TION OF THIS PAGE (~?,.n Data Ent.r.d)

REPORT DOCUMENTATION PAGE READ INSTRUCTION S
________________________________________________ 

BEFORE_COMPLETIN G FORM
[ REPORT NUMBER 12. GOVT ACCESSION NO. 

~> RECIPIENT S CATALOG NUMBER
I I -

Research Note 79— 15 I _____________________________

4. TITLE ( ld S u b t l J L . . . ...~~._.. *—__ _. ...~~
__

~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~Di.S IGN~~ ATIONALE AND _~ERFO RNANCE JPECI Fl CATIONS /
FOR A VISUAL FLIGHT RESEARCH FACILITY (VFRF) .—S.- _-.~~~~~~~~~~ 6._  

--

____________________________ ONTR ACT OR GRANT7. AUTpjQ ~~~~ _________________________(‘j~ Barry C.lKing, Edward L.JGrif fin, James G./Oh,~~~~ ~~~~~:III~

UM5E

~~
~~JAd .JRiebe nack _~~~~~~.

AREA a NOR T NUMBERS
S. PERFORMING ORGANIZATION NAM E AND ADDRESS ID. PROGRAM ELEMENT, PROJECT , T A SK

Martin Marietta Aerospace 
2Q162]il6 7P.O. Box 5837 _______

Orlando, Florida 32805 
—II. CONTROLLING OFFICE NAME AND ADDRESS

U.S. Army Research Institute for the Behaviora Nov=~~~
and Social Sciences 13. NUMB ER O~ PAGES

5001 Eisenhower Avenue, Alexandria, VA 22333 150
1~~~ MONITORING_AGENCY ME & ADO j ifl.~..nt CmltrollSnd OtfIc.) IS. SECURITY CLASS. (of thia r.po tt)

-~~~~~.;

-
~ IS.. DECLASSIFICATION/DOWNGRADING

J 1
/ / .

~
.. Unclassified

SCHEDULE

16. DISTRIBUTION STATEMENT (of thi. R.port) ( 1 j)j ,~~’/’
Approve d for public release ; distribution ~~1imited —- 7

I?. DISTRIBUTION STATEMENT (of li. ab.tr.ct .nt.t. d In Block 20, Ii dlii .r.nt f rom R.por t)

IS. SUPPLEMENTARY NOTES

Monitored technically by Aaron Hyman and Halim Ozkaptan, Army Research
Institute

19. KEY WORDS (Ccntfnu. on r.v .r.. aid.. If n.c..wy wd idanWy by block numb.r)

Visual flight simulation
Visual displays
Research facility concepts

A~~~~~~AC~~ ~~~~~~~~~ ~~~~~~~ if~~ Ft ~~~~~~~~~ fd.~~Ifr by block nu bat)

This report documents a concept definition study for a Visual Flight Research
Facility (VFRF) oriented toward research on nighttime Nap—of—the—Earth flight.
A VFRF System Specification includes performance, design, developmen t, and test
requirements for an approach to achieving displayed windscreen image fidelity
to actual night viewing conditions, and to allowing measurement of visually
dependent flight crew tasks.

DO I~~~ ?~S 1473 EDITION OF ~ NOV 6S IS OBSOLETE

4”O 3 ~~~ Unclassi fied L.
SECURITY CLAUTFICATfON OF T$tS PAGE (Pk.n D.~ia Bnf ar.d)

_
~~~~~~~

____
~~~~~~ &i~~~~~

__. -a. ~~~-__. .- . ~~~~~~~~~~~~~~~ - S -J



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- . - - - - -

~~~~~~~~~~~~~~~

--

~~~~~ 

T - -.~_-.~

FOREWORD

This concept definition study was performed by Martin

Marietta Aerospace , Orlando Division ,for the U.S. Army Research

Institute for the Behavioral and Social Sciences (ARI) ,

Arlington, Virginia,under Contract DAI-IC 19-74-C-0065.

The encouragement, guidance, and direct assistance pro-

vided by Dr. Aaron Hynian, COTR , and Mr. Halim Ozkaptan,

Alternate COTR, contributed materially to the successful

completion of this task. Their contributions, plus the excel-

lent cooperation of the ARI Contracts office and all levels

of ARI management, are gratefully acknowledged.
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DESIGN RATION ALE AND PERFORMAN CE SPECIFICATIONS FOR A
VISUAL FLIGHT RESEARCH FACILITY (VFRF)

BRIEF

This report documents the results of the concept definit ion

study for a Visual Flight Research Facility (VFRF) conducted by

Martin Marietta , Orlando Division for , and in conjunction with ,
U. S.

the~ Army Research Institute for the Behavioral and Social Sciences

(ARI), Arlington, Virginia.

The principal objective of this study can be summarized as

follows i to define the integrated VFRF system concept best satis-

fying the requirements for a flexible facility oriented toward

Nap-of-the-Earth (NOE) flight research (as opposed to operational

flight training). The selected initial design shall permit accu-

rate and repeatable measurement of helicopter flight crew vis-

ually-dependent task performance --both individual and coordinated

types-- over a wide range of simulated night Nap-of-the-Earth

conditions.

The primary purpose of this planned visually-oriented research

is to bring about significant improvement in crew performance and

safety by gaining a better understanding of existing problems and

limitations,and by evaluating the effectiveness of various potent-

ial aids*and of modified crew operating procedures specific to the

nighttime NOE operating environment~?

Key research objectives and related behavioral and functional

requirements for the VFk~ were identified initially by ARI , and

subsequently refined in a joint effort with Martin Marietta as

* In certain cases using special electro-optical (E-O) sensor tech-

nique. to simulate physical E-O hardware/systems
** Refer to ARI Technical Research Report , “ Behavioral and Functional

Requirements for a Visual Flight Research Facility M ,H. Ozkaptan
April 1975.
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this program progressed. These requirements formed the basis for

the system and subsystem conceptual design and trade studies in-

cluded in the Technical Supplement . These studies in turn provided

the technical rat ionale for selection of the VFRF approach deter-

mined most cost effective in terms of $ (1) achieving displayed

wide field-of-view windscreen image fidelity approaching “percept-

ual equivalence” with real-world nighttime direct viewing conditions,

and (2) providing the capability of performing an adequate range

of high priority , nighttime NOE visually-related research tasks ,

with acceptably low development risk and in the earl iest time frame

consistent with established objectives and requirements.

Based on the results of the above study tasks, the VFRF System

Specification was prepared. A8 a principal output of this study

program , this specification includes the general performance, design,

development, and test requirements for the selected approach. The

selected system concept consists of the following principal function-
Operator

al. areas. Primary and Secondary,~Compartments, Test Station Complex,
Image Generation , and Image Display.

Figure 1 depicts the basic VFRF system concept consisting of

the above-listed areas , together with associated operating personnel

and test subjects. Primary and Secondary Operator Compartments

(flight crew station research modules) are located in the right
forward electro-optical

A area, each containing both windscreen and specialA~~-O) image

display elements ( the nature of the research task determines which

cre~member occupies which compartment). The Test Station complex

includ ing system control , monitoring, and measurement consoles ,

plus associated computational and support equipment are shown in
forward

the,central and left regions . The System Control Operator (SCO) is

_ 

at the~~~~~~~onsole an~~~h~~~eas~~~men ntro1 OPerator (M

a1j



- -~~~~ ~~~~~~~

j \ f : 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _

k,-
,

, 
% S

E, r_
~~~~~~~ \

\

$

~~~ 

~~ 

L
/ .

~~~~ A _ 7
~d ~I 

-‘

S

~~~~~~~~~~~

--
‘

~~~~~~ 

•\ _
_ _ _

~~ 
—--

~~~~~~~r 

_ _ __



C

the right console. In these positions they each have unobstructed

views of the central monitoring console elements, including selected

critical visual displays. In those tests involving only one crew-

member (pilot or copilot --located in the Primary Operator Compart-
can represent the other crewmember by moving

ment) the MCO canA to the central Monitoring station and per-

form simplified but necessary NOE flight functions --in coordinat-

ion with the crewmember being evaluated • The final major funct ion-

al area, located to the rear in this figure, contains the terrain

model/probe/TV type image generation hardware. These coordinated

subsystems furnish video signals to the simulated nighttime wind-

screen display and special E-O sensor display equipment, the latter

providing simulations of key signal characteristics of vehicle-

borne LLL-TV or FLIR systems.

Figure 2 furt her identifies major elements of the basic VFRF

system. Differences between the Primary and Secondary Crew Stations

are of special interest • The Primary Crew Station incorporates the

added sophistication and capabilities of an “infinity” type wind-

screen display, pilots’ basic flight controls and flight instru-

ments, dynamic seat (G-eeat), and zT~~physicalz :~ measure-

ment equipment (not shown). By means of the interfacing and coinp-

utational functions available with the computer system, the pilot-

operator , when positioned in this compartment, can effectively “ fly”

the windscreen image pick-up device (and slaved E-O sensor device --
to represent installed or pod-mounted sensor hardware) in unpro-

granmed paths over the respective terrain models.

In simulated dynamic flight, the windscreen display imagery

derived from that pick-up device is accurately correlated with

physical onset acceleration cues produced by the G-eeat to provide

th. effective illusion of vehicle movement in any or all six degrees

.5 - ‘-S. — ——5-——- — -~~ - -. - - - —--‘-—-5—- - _._____---_----_ __ _ _•5_ .p —-- — —
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d

of controlled flight motion. The level of flight fidelity achieved

will be commensurate with visual flight research needs and object-

ivea~ that is, basically to provide sufficiently realistic operator

flight task loading to validly assess the effectiveness of the

potential visual aids in simulated NOE nighttime missions including
selected work methods and procedures. This

A iS expected to require a lower level of hardware complexity than is used

in trainer-specific dynamic flight simulators , where all aspects of
every flight mode must also be addressed and
Atranefer of ~~t f11~~ht training to the real-world flight environ-

ment is of prime importance.

In those research tasks where copilot/navigator/WSO functions

are of primary interest (e.g., in acquiring navigational check-

points, or other targets, with the aid of the special E-O sensor --
line-of -sight

using a manual track stick or helmet sight fo~~, LOS1 alignment) that

crewmember will operate from the Primary Compartment. This position

provides the maximum level of test realism and also permits the MSO

to make the desired range of behavioral measurements during each

test sequence. In,~~
08e 

tests where coordinated crew tasks are

involved, the pilot crewmember will operate from the Secondary

Compartment. Otherwise, in individual operator tests , the MSO can

assume simplified piloting functions as previously noted.

Provision is made in the basic system design to incorporate,

with a minimum of change to the basic facility, growth items in- 
—

eluding. -

o Second crewmember compartment with an “infinity” type wind-

screen visual display subsystem equivalent to that used in

the Primary Crew Station;

o A six degree-of-freedom motion base physically and function-

ally compatible with the crewmember compartment design.

- - - - — __ :  — ~~~~~~~~~~~~~~~~ ___~~ ——— 5 - —‘-5.- — s . . s 5 - . . . . - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
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Thus, as research needs subsequently expand , the total VFRF
system can expand in corresponding fashion in order to satisfy the
additional requirements.
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DESIGN RATIONALE AND PERFORMANCE SPECIFICATIONS FOR A

— 
V ISUAL FLIGHT RESEARCH FACILITY (VFRF)

I. INTRODUCTION

The U. S. Army currently is placing increased emphasis on

helicopter missions flown in the NOE (Nap-of-the-Earth) regime,

especially under low light level conditions. NOE tactics have

been shown to significantly enhance crew and aircraft survival

probability in a hostile environment by minimizing exposure to

enemy defenses. At the same time, NOE tactics, properly executed,

can increase mission effectiveness by adding the important element

of surprise through quick reaction strikes initiated from a

concealed position.

Aircrev tasks in the NOE flight regime are quite demanding,

and compared to conventional higher altitude rotary and fixed wing

I light, distinctively unique --particularly in terms of the ex-

tree. and continual dependence placed on visual contact with

various real world objects (natural and man-made) in essentially

all phases of NOE operations.

In order to increase NOE flight crew effectiveness and safety

in this environment, various Army agencies have recognized the

need for additional research in the area of NOE visually-directed —

flight, both in the procedures employed and in the evaluation of

various potential visual aids to the flight crew. The operational

problems become increasingly acute with degraded vision experienc.

ed under atmospheric haze conditions and under lower scene ilium- H
ination levels. The hazards, technical Jifficuittes, and high J
cost of conducting extensive, controlled NOE in-flight research

- . under realistic field conditions become extreme, particularly 1
under these degraded viewing conditions.

_ _ _ _ _
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- Sciences
the U S .  Arm y Kesearc~t Institute for the Behavioral and SocialA

Recognizing these probleme~~(ARI) Arlington, Virginia, has
4— initiated an effort -~~ to define and to develop a unique

simulation facility dedicated primarily to NOE visual flight re-

search (as distinguished from NOE flight training), and

identified as the Visual Flight Research Facility (VFRF).

Here, greatest initial emphasis is to be placed on the high prior-

ity NOE-related needs which involve controlled studies of the

complex interactions of the flight crew , their direct visual

stimuli with simulated real-world imagery , the stimuli provided

by various visual aids, and their NOE operational tasks. Accord-

ingly, ARI set out to define the key research objectives and the

behavioral and functional requirements which such a facility should

satisfy. These are documented in the ARI Technical Research Report,

“Behavioral and Functional Requirements for a Visual Flight Re-

sear ch Facility” , H. Ozkaptan, April 1975.

the initial ARI effort ~z~ TITI IT JI~~ preceeded the Martin

Marietta study task summarized herein. These two efforts then

were pursued essentially in parallel to arrive ati (1) the critical

behavioral and functional characteristics which the VFRF should

embody (near-term and longer-term) , and (2) the selection and

definition of the moAt cost-effective VFRF system concept which

satisfies key ARI -defined research needs.

The following sections identify the major study objectives

and the basic approach followed by Martin Marietta in the conduct

of this VFR F system concept definition study. The major require-

merit, derived f rom the~J~ ARI~~~~defj nitj on task are then summarized.

In addition , the results of related Martin Marietta requirements

_ _ _ _  

- - _ _ _ _ _ _ _ _ _ _ _

L._ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-



- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~

3

analyses are defined , since these combined inputs formed the basis

for the system and subsystem conceptual design and trade studies

which have been conducted . These latter studies provided the

technical basis for the selection of the preferred VFRF approach

fro. among the candidate systems available. The final sections

of this report identify the key candidate systems and associated

subsys tems, present the rationale and selection criteria employed

in the system selection process, and then define the selected basic

VFRF system concept in terms of key performance requirements, key

interfaces, and general design characteristics. Finally, areas

for potential system growth are identified, in keeping with the

ARt “stay young” approach involving planned, systematic develop..

ment and expansion in two or more program phases.

II. STUDY OBJECTIVES

The initial principal Mart in Marietta study objective was to

define the integrated VFRF system concept best satisfying the

requirements for a flexible research facility, permitting accurate

evaluation and improvement of helicopter flight crew visually-

dependent performance in simulated day and night NOE missions.
-

~ Broad program objectives were addressed. For initial development, how-

ever, the following guidelines were useds (1) The study would be tailored
to be

ATh08t responsive to the highest priority NOE research needs, and
- 

influenced by
(2) The study would be strongly A - VFRF system capability limi-

tations imposed by the current state-of-the-art in visual flight

simulation technology.

V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Li
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Research on night NOE flight operations was identified as

- having highest initial priority. Based on analyses performed

on daylight visual systems, it became clear that from the tech-
- nology standpoint, displayed windscreen image fidelity approach-

- ing a level “perceptually equivalent” to the real world conditions
can best be achieved for simulated nighttime conditions. This

results from the fact that visual acuity and color perception

characteristics are significantly degraded at the lower bright-

ness levels; thus the demands on the visual display system are

correspondingly relaxed, compared to those for a “perceptually
equivalent” day (and night) windscreen visual display system.

- - L “_____________________________
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III. STUDY APPROACH

The VFRF/NOE study approach fol lowed by Martin Marietta was

divided into four major task areas , namely; Task I - Requirements

Analysis/Definition , Task II - Conceptual Design and Trade-Off

Studies, Task III - Recommended System Concept Selection , and

Task IV - Recommended System Concept Definition. This study

approach is depicted in chart form in Figure i .

Referring to this figure, within each general task area wil l

be seen various subtaska which collectively provided the necessary

inputs to accomplish the objectives of the identified major tasks.

In summary , Task I defined basically what is required of the VFRF

from a functional and behavioral standpoint, Task II determined
candidates and

potentially the most feasible and desirable system, implementat-

ions for the VFRF (based on system and subsystem analyses and

trade studies), Task III evaluated the candidate systems against

appropriate selection criteria, and provided th. basis for recos-

mending a basic VFRF system design concept , and finally, Task IV

defined this recommended system concept in terms of a system des

sign and performance specificat ion directed toward subsequent

V FRF system development. H

IV. REQUIR~74ENTS ANALYSIS/DEFINITION

The following summary information represents the results of

the previously identified combined ARI and Martin Marietta require-

ments-related study efforts. Collectively they represent the 
- 

- -
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basic functional and behavioral requirements which the selected

VFRF system concept is to satisfy to the maximum extent feasible

within the limits of current state-of-the-art technology.

1. V~’RF Research Scooe and Goals

Initial emphasis will be directed toward the low light level

flight regime. The main research problem areas to be addressed

by the VFRF are s

. Visual Capabilities

. Visual Aids/Sensors

• Display Parameters

. Pilot Proficiency

Crew Coord ination

Navigation

Cockpit Layout

The principal research goals of the V FRF are to enable basic

and applied studies leading to new information and advances in the

state-of-the-art , with emphasis on exploratory studies and new

concepts. Specific goals in this respect are as follows

. To assess basic pilot visual capabilities ,

• To investigate new visual aids and display concepts ,

. To establish visual requirements and display de8ign criteria,

. To evaluate alternative sensor systeat, techniques, and procedures,

To conduct comparative hardwar and concept studies,

* Using special E-O sensor techinques to simulate physical hard-

ware/systems.

- - - -i- - - - ________________________



7 V

To provide latitude for serving allied visual problem areas

within the Army , such as surveillance, target acquisit ion, and

remotely piloted vehicles (RPV5).

2. Ke~ Features and Characteristics of the VFRF

Key VFRF features include the following s

• Wide angle visual display of the external world suitable for

osychoDhysical studies,

• High caliber electronic and television subsystems to achieve

the necessary quality and control of visual parameters,

. Helicopter controls and instrumentation at a level of simu-

lation complexity adequate for behavioral studies,

• Comprehensive experimenter’s control and monitoring station,

Cockpit provisions and interface equipment for various visual

aid devic.s,

• Multiple stimulus materials and sensors for the visible and

simulated infrared range,

• Computer facilities for physical simulation , experimental

control, data recording and pre-processing.

Special VFRF characteristics include s

• Control and repeatability of system parameters ( including

displayed image resolution, brightness and contrast levels ,

controlled flight Compartment illumination etc.),
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• Multipl• levels of parameter control ,

• Comprehensive interrelationship of parameters,

• Wide scop. and latitude of potential studies ,

• Flexibility of utilization ,

Cosprehens tve performance easureaent ( behavioral and phy-

sical ) and data re cord ing/reduction capability.

3. NOE Flight Function s and Characteristics3 and Related Visual Effects

Tb. V FRF design will incorporate sufficient flexibility to permit

simulat ion of a broad range of NOE missions. In the course of

various mission-related experiments , flight crew function s subject

to measurement and evaluation shal l include s

• Basic pilot NOE flight operatio n~~~)

ing terrain and obstacle avoidance ,

hover , and special flight ( including pop-up maneuvers),

• Copi lot/n avt gat or/WSO functions , including terrain surveil-

lance and navigation , target search , acquisit ion (at near recognit -
ion threshold s)--

with and without special E-O sensor aids-- plus sensor-

aid WS alignment s and ,

• Crew-coordinated and directed NOE flight and various related

communications functions .

Flight characteristics associated with the above NOE miss ions

can be typif ied as follows a

4-
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• Flight altitudes typically at and below tree-top level s

Flight velocities ranging from zero (hover ) to approximately

100 knots (maximum daylight conditton s)s

• Frequent az imuth heading changes and unlimited f reedo. in

azimuth i

V . Frequent angular accelerations of short duration in roll

and pitch s

• Nominal inaxi.aum attitude change of 
~~~~ 

in roll and ±23° in - ‘
pitoha

• Translatory motion effects primarily sensed as vertical accel-

erations/decelerations of relatively low levels

• NOE flight path length typically of 25 kia p

• NOE flight duration typically of 20 to 40 minutes .

Related visual effects associated with the above NOE missions

are char acterized bys

• Relatively short viewing rangess

Large visual field of view ( instantan eous and total),

• Dependence upon a wide variety of scene cues for maneuver-

ability ; V

• Intense visual concentration ;

• High angular velocities of the viewed scene (especially on

nearby peripheral objects ),
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• Frequent noncorrespondance between the visual line-of-sight

and the flight vector ;

• Significantly reduced visual cues - i i  with lower

illumination levels a

• Criticalit y of depth and distance judgement;

• Limited time for reaction.

--V
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4. Generu I VFRF’ Reç~ui rt 1rn~ n tn  3uin ma ry

To ~;j5 date  the ta ;k erl v i ronment w~ th -~~ t qu . it e  f id e l  i ty t e cupport the

defined research and e x pe r i m en t a l  objective ;, the f o l l o w i ng general  requi re—

ment s for the VFRF ~y~ tem C V L R be ~; t :~te~

• The displayed windscreen scene wil  1 be re sponsive  to , and coord in: ited
~ /- /-.-Q6~ ~/~ - ,rl

wi th , pi lo t  con t r o l  mov ements in b4~OFi.

• The ~in u l - t t e d  f l i g h t  compartm ent por t ion  ~ f t h e  sy stem w i l l  fu rn ish

accelera t i~~n cues te the p i l o t  t h at  -~re responsive to , and coordinated

wi th , p i l o t  control movements.

- Special E-O sensor display image aouroe(~; ) w i l l  be provided wi th  an

addi tional 2 DOF beyond the  he l idopter ’ s 6 l)OF to simulate at tachment

to the exterior  of the hel icopter  body . These addit ional  degrees of

freed~ n wil l  be in azimuth and elevation f o r~
and ~~ -,ei1h,,,cQ

‘stabilized LOS tracking~functions.

- Pilot and copilot/nav igator/WSO studies will  be conductable independ-

ently or in coordination . Simplified fligh t control functions and

simp lified navigation criteria will be available to permit non-flight

qualified operators to perform basic WOE flight functions in support of

tests conducted on qual i f ied operators .

• Typical crew coordinated WOE missions wi l l  extend for a 20 to 1+0 minute

time period , wi th a desired total time of simulated flight of 90 minutes.

A nom inal one hour of this time preceding the WOE phase may consist of

preci~;ion maneuvers at higher altitudes , under LFR conditions in simu-

- 
lated clouds or other adverse weather.
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V. VFRF CONCEP rUAL i) :-:SIGI1 AND TRADE-OF F STUDIES

~~ eral l  system level and major subsystem l evel conceptual design and trade

s tud ies  were conducte 1i dur ing  th i s  progrmm phase in arr iving at the recommended

general system app roach best sui ted to meet the def ined  research requirements/

objec tives , and the combinat ion  of prin ci pal subsystem approaches which collect-

ively provide the most cost-effective ,~Jlexible implementation of the basic VFRF

system concept.

The following summary aubeecti~ns, (i) identify the basic visual flight

simulation system concepts considered , ( 2 )  de8cribe the principal factors involved

in selecting the terrain model approach as the preferred method , and (3) identify

the principal terrain model system options which were evaluated —-these being

formed by various cotnbination~ of subsystem configurations. These areas are

covered in detail in the Technical. Supplement , under the appropriate analysis

and trade study sections.

1. Candidate System Identificption

Each candidate system considered had to perform certain common basic funct-

ions in order to satisfy (with various levels of effectiveness) the above-defined

requirements. For purposes of this study, these functions were grouped within

several major functional subsystem blocks, namely; the experimental complex ,

control complex, image generation c~ nplex, and image presentation complex.

The system configuration trade study resulted in the identification of

four candidate system concepts --identified on the basis of the image source/

image generation method employed-- as follows :

- Film system(s) --: til l and cine type projectors; 
- -

Transparency system(s) -- Point light source and flying spot scanner types;

— - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ -
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• Terrain model byJt em -- Optical probe/TV camera pickup ,

- Large sca le  computer  generated imagery ( C C I )  system .

2. System Level Trades arid }~ecominended System Approach

Th-~ sy stem c : ind i -1 -t t e ~; were evaluated wi th  respect to four major cri ter ia :

-~x p - - r im e n t a ~ c a p a b i l i t y

- ~np l e n e nt a t i on  comp lexi ty

- Inp lem~ ntation r isk

- Implementation cost
I

W h i . t  g~ n er a l 1y  ~ ttisfying the latter three evaluation criteria, both the

f i l m  syste:~ ~~i~i th e  t~ ac~;parency system candidates were found to have serious

drawbacks from the stand point of providing adequate experimental capabil i ty .

Each of these candidates e f fe c t i v e l y  sa t isfied only one out of the group of NOE

mission-related fligh t crew func t ions  identified for measurement and evaluation

in th e VPRF . Tci~ f ac to r  was considered s u f f i c i e n t  reason to e l iminate  them from

I~~tai  ie -~ consi ~er-’t t 1~~r1.

Of t~ e remaining two candidate systems , the terrain model concept , w h i l e

far f r n :~ ~i~~ : - : . -  in terms of actual hardware implementation , was s t i l l  consid ered

less ~onr~ - x , lower risk , ~nd of lower cost than the CGI approach (based on the

use of a truly flexib~e CGI system with very large edge gener-Ltion capability

required to provide adequate image realism on the wide ~\)V windscreen di~ p lay~ .

Accordingly, the terrain model system concept w-~s selected as the most cost ef-

fective VFRF approach.

~~. VF’RF Terrain Model ‘lysten Options

~iubsystem analys.’o and tradeoffs sr’ecific to the terrain model apnroach

produced a rotentially large number of candidate ~yctem con t’i~ ur~ t ions when th e 

V V . V V~~~~~~~~~~~~
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various combinations were identified. By using a preliminary screening process

in which the various options were ranked on the basis of their research potent ial ,

plus gross cost, complexity, and developnent risk factors , the num ber of terrain

model system options was narrowed to eight , which treated E-O sensors as an option.

- The decision to incorporate the E-O sensor capability in the basic VFRF system

design reduced the number of options to four. Table 1 identifies these candi-

dates in terms of windscreen image generation method and windscreen image dasplay/

experimental station configuration employed . A18o, major system elements common

tc all four candidates are identified.
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VI • VPR F SYSTEM CONCEPT SELKCTT ON AN T) DI~FTN l TTON

Th is sect i on summarI zes the criteria emp loyed jointly by
ARI and Martin Marietta in the

A selection of the recommended basic V F’RF system option

(from the four candidate approaches--see T&hle / ) and

then Identifies the recommended concept. T h i s  Is  followed

by a summary of basic system characteristics and key

interfaces, wi th emphasis on visual aid dev ices for pot-

ential usc’ In low lip .ht level NOE flight research.

1. Select i on Criteria

77j~ previous section ~~~~~~ discussed é’t~~~ system-related

~~~~~~
— criteria used in arriving at the

four terrain model-type system options considered for the

basic V F’RF design . Therefore, this section purposely is

l imi ted to a d iscussion of those selection cr iteria

V 
specific to these final four options. The principal

criteria used were as follows s

a. Ran ae of MOE Visual  Research Tasks Permitted--The

selected system concept must have sufficient capability

to allow the conduct of pilot-oriented , of copilot/navi-

gator/WSO-orlented , and of various levels of coordinated

~OE crew visual flight research tasks.

h. Ability to Perform Hip.h Prtgri~ NOE Visual Flight

Research--Evaluation of atrcrew night vision capability

in  the simu lated n igh t t i me  NOE environment , an d methods

of improv ing  performanre and increas ing  su r v i v a b i li ty ,

are current ly  among the most c r i t i c a l  NOE problems which

can be addressed in visual  f ligh t  research .

c. P~ ychophystcal Val id i ty of Windscreen Displ ay lmap.er-~-

A w indscreen display capability is required which will per-
V - V V _ _ _ _
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mit  the conduct of valid psychophysical experiments; that is, tests /7

that can be expected to produce results which will approximate

the visual performance level.s achieved in the real world.

d. State-of-the-Art Status---This criterion is seen to poten-

tially impact development risks, development costs, and devel op-

ment time. Since early availability at moderate cost is of con-

s iderable sign i ficance in this program , selection of state-of-the-

art approaches is considered very import ant .

e. Thsk Loading Realism--The crewmember(s) under test must be

subjected to appropriate NOE fl i ght task loadings in order to val-

idly evaluate the effectiveness of added visual aids , or a change

in operational procedure, etc.

2. System Ratings and Recommended Basic VFRF System Concept

A qualitat i ve evaluat i on metho-1 was used i ’-’ arrivin~, at the

recommended system approach. Table ~ summar izes the ratin gs

on the four opti ons ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ based on

the ahove-defi.ncd selection criteria.

On the basis of these ratings , System Option ~fr4~~~) was

selected as the most cost-effective approach to accomplish an

acceptable range of high prior it y , n igh t t ime  NON visual-related

research tasks , with acceptably low risk and in the earliest

time frame.

3. Basic VFRF System Characteristics and Functional Interfaces

Fi gure q is a functional diagram of the selected basic
VFRF system concept. This diagram reflects the results of the

~~~~~~~ ~~~~ /o~- a~7vp~
.tme.#,i)

( 1 )  Single operator in the Experimental Stat~~mA and second
(
‘
ce~~V.,,dp,~~ O~~~ ~~~r C~ ,i~lr ~~~~~~operator located at remote cre~~nember statior~ Employs a mono-

chr~me , night-only image generation/windscreen display system .
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subsystem trades and supporting ana l yses included in the Technical
Supplement

well as the system option rating-s given immed i ately above.

The selected system concept permits extensive research on

ni ghttime NOE visually-dependent taskss

o Pr imarily involving the pilor--incl iding terrain and obsta-

cle avoidance , and special flight (including, hover).

o Primarily involving the copilot/navigator/WSO- -including

NOE navigation , target search and acquisition , and LOS

alignment on selected targets (using visual aids).

o Coordinated crew tasks--including var ious  directed-NOE

flight functions .

The system design provides the capability to evaluate the V

the operators’ basic visual performance in the above task areas,

and permits research on the effectiveness of various low light

level aids to these crew functions. A summary of key system ,

subsystem , and interface characteristics which enable this system

approach to satislv the basic VFRF functional and performance

requirements outlined in Section IV is given below.

The principal system functional areas d1-~~~/ ~ / ,~-~ ~~~~~~~~~~~~~~~

C~~P~~~ P~imar .~’ O,g ’C C? 1~
)
~- C.-l~~~pc7.-Ar4.~~fl ,L c c ~~-, c/e~ p’L~i C)p -.--c-,

~~~~~ ~~~~~~~ ~~~~ p
4 , ~~~~~~~~ S /c~ // o - .  ~~~ , ~~~~~~~~~~~~~ 9 ~~~~

Generation , and Image Presentation . The latter two funct i onal
( fpo,’i ~~ p~~ys/co/ rdiva,~~ i /a#, dp~ in / )

areas C’o#i ~. co
~
.6#;..dA to form two malor system

elements--wi ndscreen visual display system and special (simulated )
k I5U~~~ 

/
1-0 sen sor~ dtsp lay  system .
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~

- -, -‘- 
4~ 

- V - - 
~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~j i %~~~

- - —~~~~~
--,  

- - -~~~~~ 
- V



V.—. VVVVV~~ ~
VV. _V _VV. 

— ~~~~~~~ ~~~~~~‘.VV ~~~ .~~ ~~~ 
-
~

- —— — —. - - 
. 

V

2 /

a. Visual !)isplay Systems

These systems are designed and interfaced to function in the

following, manner *

Simultaneous and separate generation and presentation of two
,-no/)aC/1,-or,,e

sets of simul ated real-world imap,ery--wide FOV~ nighttime windscreen

displayed imagery, and variable FOV displ ayed imagery (also monochrome)

capable of simulating the output of special E-O sensor aids

(principally L LL-TV and FL T R ) - -a r e  accomplished by the use of two

terrain model/optical probe type systems. These systems produce

precise, coordinated , translatory movements (X , Y , and Z--/o’~~~~d~ ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ and altitude) to achieve the effect of the sensor aid

system being attached to the simulated helicopter airframe (e.g.,

pod-mounted). In the “caged” mode, the optical axis of the special

sensor is effectively fixed relative to the airframe--and thus the

windscreen probe--such that the effects of pitch, yaw, and roll

angular motion , plus all X,Y, and Z motions, will result in coordinated

image movements both on the windscreen display and on the special

sensor display(s).

As seen in Figure ~, the windscreen visual display system

includes the following principal subsystems: three-dimensional.

terrain model (model hoard), model illumination, wide FOV optical V

probe, monochrome TV camera pick-up, gantry/servo-controlled transport,

electronic processor (tncluding special effects generation--meteoro-

logical type)1 .~~~~~~~~~~~~~~~~~~~~~~~~~ and collimated virtual

image type windscreen display. With overall Test Station integration

and control, this system is designed to cause the wi ndscreen display

to properly respond to the pilot subject ’s flight control commands

— V V—  ~~_ -— V - - - 
~~~~~~~~ -‘
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in all six deg,ree~- of freedom (0(W). Effectively, the operator is

provided with nonprogrammed , stmulated helicopter flight eapahi l itv

In  three-dimensional space. He accompi lshe5 thi s simulated fit ~ht

by remotely controlling, via the computer interface, the posi.tton

and pointing of the wi ndscreen probe relat ive to its associated
~~r /~~~ S o ’  e C as  ~ Si.v ~p f/ l ieS

terrain model--using normallAhelicopter flight controls.

When the simulated E-O sensor system control is switched to the

“~:ncaged ” mode, the test subject has the freedom to remotely control--

by ~:se ~f a manual track stick , of by USC of a servoed helmet s1~~ht --

the pointing, of the s%mn l ated~ sensor axis in pitch and yaw , in depen-

dent (within specified design limits) of the simu l ated attitude of

the helicopter airframe, as denoted 1w the scene o r ien tat ion  pre .V ented

on the windscreen display. In this mode, the special sensor :init

(probe ) i s  “decoupled ” from the airframe simul ated roll mot i ons , t hus

providing the effect--on the special display(s)--of roll-stabilized

sensor operat ion. The sensor FOV S I 7 C  also is selected by the

operator as a function of the pa r t i cu l ar task be th ’-’ performed (e.r.,

terrain avoidance, target search, target acquisition/recognition

etc. ) .

~rnm Figure ’? it Is  seen that  the slm~ilated E-O sensor ai d

visual  dis p l ay  system is composed of the fo l l o wlnr .  subsystems : the

second 1-fl terrai n model (dimensionally “-Identical ’ to the windscreen

model hoard) ,  model I l l u m i n a t i on , v a ri ab le  FOV orr i cal probe , ~;~~~c i a l

monochrome TV camera pickup,  gan t ry/ servocon t ro l l e ’ t ranspor t ,

electronic processor (including special effects generation an~

speclal l 7ed sensor signal processing), and speel~~l (llsplavs . -\s i i

the case of the windscreen visual displ ay system , the Test St ation

- ‘
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prov i des integrat i on and overal l control of the special K-() sensor

v i sual ( I i V s p l V-iy system functions. Figure 5 identifies the hardware items
associated with the basic VFRF system layout.

From the review of principal elements comprising the two visual

di splay s”stems , it  i s  ev i dent that most of the corresponding elements

perf orm s i m i 1 ar ~~~~~~ f~tnct- i nn s with in their p-irtir’ul ar system .

However, their detail’~d requirements and resultin-’ characteristics

(both ph y s i c a l  and perform ance ) are substantially different--the

princi -~.-~l except i ons being the terrain models, from the s t andpo in t

ef H’m”-~ion a1  and model configuration similarities , and the gantry!

tr,ans~ ert subsystems (except in those characteristics affected h~~ ’

fl-n ~- ‘r’ i -“t  d i f fe r en ces between the two probe/fl’ cai~era p i ckup

s’:bs~~-~t- ’”- ’ e on f i g ’ir a t i o n s) .  Therefore , the summary system character-

I s t i c~~, subsequen t ly  provided , note the pr incipa l  areas of c o mm o na l i ty

hetwenn the two visual displ ay systems and also the crit i cal

f : in c t in r ,-il and phy s i c a l  i n terface areas wh i ch a f fec t  the tot i l

integrated visual display system s imula t i on f i de l i t~’ .

\t rhis point , the  p r i n c i p a l  elements and functions of the

a dd it i e ’~ :1 m aj o r  \ t V ’
~~~~IV ’ c\ ’stem funct i onal areas-- ~~~~~~~~~ ~~~~~~~~r 4V /L’~~ C~,~~orI—

? , Secô ,i dory O~er’.’ ~~~~~~
- O~~ie~ ,- /,ne,1 /~and Test stat i on Comp lex--will be reviewed prior to a quantitative

s:’mmari’-~t ion of \‘H~ - system characteristics . 

-- 
-
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- 

—- V.—- - _ _ _ _ _ _  V~~~~~~~

~-~~—— - - ~~~~~~~~ ~~~~~~~~~~~~~~~



_ _ _ _ _  
- 

~~~~T :_~~~~~~~
_ 

~~~~~~~~~~~
--

~~~~~~~~~~~~

—

~~~~

- .  L • - .  - ~~~~~~ V V V %~~~~~~~~~~~~ V V • V

- ~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~ •‘,:~~ ‘ - . ~~~~~-V.

~ t V ~~~ V - : ,  ~~~~~~~~~~~~~~ ~

C
0
p

C)

,

/ 

- 

- ~\ \

I
_
_
I’ 

- I
/ : ~~~— ‘ - • ‘

/ fi—-

ii
F~~~~~~~~~~~~~~\ /  ~! /

~Y’ ~~~
- -  ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - - - - W V - -V - - —~~~~
- — - - --

~~~~~~~
——-7-

~~~~~~~
V V .  

-‘I’

2~/

1) • f r ’, i,~ ~~~ ~~ ~~~~~~~

Referring to Figure ’/. this complex i ncludes :

(1) Single crewrnembe r s i mu l a ted  f l i g h t  compartment

(includin g flight controls and instruments).

(2) Wide FOV “infinity focus ” type monochrome wind-

screen displ ay -- provides 6 DOF scene dynamics

via windscreen image generation system ,

(3) Motion simulation (C Seat )-- To provide key

accelerat ion “onset” cues coordinated with visual

d i s p l ay  -- ( Plus seat v i b r a t i o n  subsystem ) .

(4) Flight control and flight i n s t rumen t  responses

adequate for NOE visual f l i g h t  research (provid-

ing realistic p i lo t  “ task  load ing ” m inu s  t r a i n e r

system sophistications r2~i/ ~ ~~~~~~~~~~~ / ~
) 

~~/,~~~~ / r ~~~~~~ rr/, ‘~~~i.)~

(5) Performance measurement instrumentation :

o Hwnan response type

o Operational type

(6)  Visual  Aids , i n c l u d i n g  the f o l l o w i n g :  (,7/o -.~~~~~ I,~~i1~~ 3)

(a)  Special displays (used to displ ay simu l ated low

l igh t  leve l E-O sensor imagery) ,  u s i n g :

o Direct view monitor(s)
( I )o Helmet-mounted disp lay

o Head-Up Display (HUD)~
1
~

(h) Ni ght viewing aid -- ~ight vision goggles
(c) Track stick -- For manual control of special V- (~

sensor pointing,

(d) Helmet sight ( c-nel.ng aid for t arre t  search , ac-

quisition , and recognition using E-O sensor system)

(1) Basic VFRF system design makes provision for integrat ion of these units.

-~~~~~ 
- :  V~~~~~~~~ ~~~ 
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(e) Advanced navigational aids~
1
~ 

Z6

( f )  Sym bology Generator --Generates the following symbology
(a t a minimum ) for presentation on special displays :

Aircraft axis relative to E-O sensor LOS
. Arti f icial horizon
. Radar altitude
• Ai rspeed
Torque (power margin)

• Heading

(7) Environmental simulation, including the followings

(a ) Controlled lighting (compartment and instruments)

for simulated night NOE missions ;

(b) Noise simulation (rotor, transmission, engine,

radio interference --via the intercom). r

(8) Flight intercom - - Tied to Test Station Complex and 4

to Secondary Operator Compartment.

c. Secondary Ooerator Compartment

o Manned by second member of flight crew (pilot or copilot) -

Includes:

o Simplified flight control, plus necessary complement

of flight instruments ;

o Direct view type windscreen TV display array ;
Symbol Generator

o Special E-O sensor Track Stick,Aand display(s);

o Controlled lighting of compartment interior and instru-

ments for simulated night viewing conditions;

o Night vision goggles;

o Helmet-mounted display~
1
~

o Flight intercom -- Tied to Test Station Complex and to

Prima ry Operator Compar tment ;

o Noise simulation (rotor, transmission, engine, rad io

interference -- via the tn terc~*) ;
o Controlled lighting (compartment and instruments).

(1) Basic VFRF system design makes provision for integration of these unite.
- - V —— -——~~~~~~~~ -~~—~~~~~~—- - ——-~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~
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d. Test Station Comolex

This complex includes the integrated system control,
inor toring , and measurement consoles , plus the computer

system and related support equipment . Figure 6 identifies

the major functional control and display areas on this total

console. A summary description of these Test Station

elements follows:

(1) System Control. Station

o Manned by System Control Operator (Sco) ,
o Contains the controls and displays required to

operate and calibrate all visual stimulus mechan-

isms in the VFRF, via the computer -- including
CRT-keyboard interface;

and displays
o System calibration, monitoring and checkout controlsA
o Also contains all mechanical and electrical oper-

ational safety interlock controls;

o SCO is responsible for safety of operation during

all tests.

(2) Measurement Control Station (MCS)

o Manned by Measurement Control Operator (McO) --
also terme d “Experimenter ” ;

o Contains the controls and display devices required

to select the desired measurements, to operate the 
- 

-

test measurement and recording equipment, and to

- -- - d~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V-~~~—~~~~



- _ _  

- 

~ 

:~~ 

—-

~~~

:‘

I — — ~~~~~~ 

—-

~~~

- - ----_____ 
_ _ _ _ _

IL - V - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- —.

~~
——- —

~~~~
-.---- -

~~ -— ~
. V --

~~-



_ _  -~~~~~~~ 
V V

present selected (Tata to the MCO for real-time monitor-

ing, and for post-exercise ( l eb r i e f in : ’  purposes . These

func t ions  are accomplished via the CRT-keyboard com-

puter interface.

o MCO also may assume the secondary crewmemher ’s

funct i on by pe r fo rming  s i m p l i f i e d  n a v iga t i o n  or ni l ot-

r i ng  funct ions  from the Plight  Monitoring Stati on Con-

sole area.

(3 )  F lipht  M o ni to r i nj ~ S t a ti on

o When manned , the MC() s h i f t s  to t h i s  locat ion -- t ime-

sharint’ it with his Measurement Control funct i ons.

o Contains:

• I) i rect-view type windscreen disp lay arm y.

. Specia l  I-O Sensor Track Stick and D i s p l ay  (see

\1i suai A ids in Secti on 1~, (6)).

• Simplified fl i ght control capability (includin”

key f l i ght instruments).

o Disp lay outputs also are used by SCfl in s e t t i ng  un

in i ti a l rest conditions and i n  periodic moni ro rin ’

di’rj ng test  r~ ins .

( 4 )  Computer Complex

Consi sts of:

o Cen eral pi :rpocr’ comnv”-’r’i :~l1 ‘-  1\ ~~~~i 1 -ihi c enm~” ~~~
‘ of

c~~l i d  ‘~t~ it o , i n te gr at ed  c i r cu i t  const ruc t i on .

• Memory size -- At leas t  3V)
, 7(

~
5 words

Word lr’ngl h —— M i n i m ~mi word len ‘1 h — 1 (~ h i t s

o I n t e r f a c e  ror the to ta l  \T1fl 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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o Peripheral equipment;

o All software req uired for VFRF to operate as a

complete integrated system ;

o The computer system will. provide simultaneous

computation for, and control of, all applicable

Test Station functions and other equipment as re-

quired in the VFRF.

_ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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4. VFRF System Growth Areas

Two categories of growth items are identified below, the

first being those items for which there is the higher likit-

hood of early incorporation in the VFRF and/or have a strong

potential impact on the physical VFRF facility , and therefore

must be considered in the basic system design to avoid major

facility modification s if and when incorporated. The second

category includes those items considered of a longer range

nature.

Provision will be made in the basic design to interface

with the items in the first category with a minimum of system

modification . These items ares

• 6 DOF motion base ;

• Second operator compartment with a collimated virtual

image windscreen display subsystem equivalent to that

in the Primar y Operator Compartment (replace s the defined

basic Secondary Operator Compartment );

Items included in the second categor y are as follows :

• Small scale computer generated imagery (SS~~ I) for de-

tailed terrain model l ight ing and /or for special targets;

~ 

V V
V
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• Daylight , high resolution, full color windscreen visual

display system , including 1”~ camera(s) and collimated

virtual image display subsystems ;

• Simulated wire avoidance sensing device ( including inte-

g~atton with existing cockpit displays);

• Moonlight and sun simulators for terrain models and

operator compartments ;

• Capability to operate with alternate cockpit configurat-

ions.

I

_ _ _ _ _ _
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VII. VFRP System Summary Characteristics*

1. Windscreen Visual Display System

ft. Terrain Model

• Scale 600 to 1

• Orientation — Horizontal or vertical - contractor option

• Size — Total area ~ 1600 sq. f t .

- Max . form factor - 3 to 1

- Max. height (if vertical) — 24 ft.

— With 3 to 1 form factor, size ~ 24 x 66.5 ft.

Scaled Size ~ 4.4 kM x 13 kM

• Terrain/Targets

• Rolling, moderately hilly type terrain, including

rivers , streams? var iety of roads , houses , br idges ,

railroad tracks, snail farm , plus typical small

rural towns (three). Towns to include area-type

lighting (e.g., house windows and parking areas.)

Two types of terrain areas and tren distributions

to be used-—one typical of Ft. Rucker , Ma. area ,

and one typical of Central Europe (approx. equal

areas).

• Variety of military vehicles

Electrical power poles

• Coloring— Realistically colored .

• Typical NOE course length Pd 20 kM

• Typical NOE flight time on model ~d 15 minutes at average

velocity of 40 knots

* Refer to TECHNICAL SUPPLEMENT of this report for design rationa e.

V - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~  
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b. Terrain Model Illumination

• Type - Spectral output to provide reasonable match with

TV camera sensor spectral response (to achieve

illumination efficiency) , while providing a dis-

- — played gray scale characteristic similar to that

• perceived by direct-viewing of the real world under

LLL conditions .

• Illumination level on model — Determined by camera sensitivity

and optical probe characteristics. (~ 100 f t.

candles estimated) .

• Light pulse frequency — Phased to produce 360 pulses/second

(no1~t~na  ~).

c. Optica l Probe

I .  • FOV — — 140° circular

• Effective f?cal length , EFL- — 6 . 5  ± 0.5mm

• Entrance pupil diam.— - 1 mm

• T number— — T/l0.5 (nominal)

• Primary image format- — 17 mm diam . for 140° FOV

• Focus range— — 1.4 inches to infinity

• Focus control- - / ~‘rn.t c -/ -e/9 ~~~~~~~~ ~~~~~~ ~~~~~~~~~~

-1~ ed64~~~ ccpc~~//”~Y

H • Tilt focus correction — Schiflmpf lug type .- - r
• Mapping —- h FO type

• Resolution across FOV at inf in i ty  j Qc is

Semi-field Angle Angular Resolution (nominal)

3 arc m m .

500 4 arc m m .

650 7 arc m m .

L~~~~~ 
-
_ _ _ _ _ _ _ _  V - 
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• Resolution at center of field vs altitude

A l t i tude Angular Resolution (nominal)

~~ t o 3 5 stm 3 arc min .

15 mm 5 arc m m .

6 mm 7 arc m m .

• MTF (object in plane of best focus, for visible spectral

range of 400 to 700 nanometers).

1 On-axis --70% of diffraction limit r

2 30° Off—axis—— 50% of diffraction limit.
ac~ ,e(’a / ’c /  £~jp ro6e

• Optical Coupling -- 1gc.,~ objective will be reimaged

into the TV camera system via relay lenses. Use

of field divider to share horizontal FOV among

mul t ip le  TV cameras is allowable provided that

field division is not accomplished in the straight- V

ahead position .

• Roll control excursion- - Unlimited .

• Pitch cor.trol excursion—— 4~ 250 ; — 40°

• Yaw control excursion—- Unlimited .

• Servo static accuracy— - 6 arc minutes (for each attitude servo~ .

• Probe protection- - To be provided by hardware techniques and

software control.

d. TV Camera _System

• Type sensor (s ) -  - High sensitivity type specified , such as a S~~.

Must be a developed , proven type sensor of “broadca~--

qu a l i t y ” , meeting premium ( 1st) level spurious sic -i:.:

specs.

• Operating mode -— Monochrome

• Conf ig urat ion— - Separate camera head . Camera control uni t

remote from camera.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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• Frame rate/interlace- — 60 f ield/ sec. ,  30 frame /sec., 2:1

“locked” interlace

• Total scan lines/frame-- 945 (nominal)

• Total instantaneous FOV- - 1250 horizontal and 350 vertical (nominal

• Raster aspect ratio— - 1:3.67 for single sensor (nominal)

1:1.29 for 3-sensor configuration (nominal)

• Vertical resolution (nominal)— — 600 TV l ines - center

500 TV lines - corner

• Horizontal resolution (nominal) -—

For single sensor- — 2140 TV lines/raster width

For 3—sensor configuration- - 770 TV l ines/raster

width (pe r camera) .

• Lag- — 10% residual signal a f te r  50 mil l iseconds (NOTE : Lower

lag desired to mi nimize loss of resolution under

- dynamic conditions) .

• Sensitivity-- Video S/N ~ 35 dB to be achieved with approx .

100 t t .  cds. model i l luminat ion  and specif ied optical

probe .

e. Gantry/Servos/Transport

U) Lo.i 6,// ud#so/a,,I /-a//~~~~~ (scaled values)

• Velocity- — 200 knots (max) ; 0.34 f t/ sec . ( m m . )

• Positional accuracy— - ± 5 f t .  (unslaved mode)

(2)  Altitude (scaled values)

• Max. excursion— - 2000 f t .

• Velocity— — 4000 f t /minu te  (m a x .) ;  0.06 f t /sec . (mm .)

• Positional Accuracy— - ~ 0.5 f t .  (unslaved mode)

(3) Slaved operating mode (Two models) - - Scaled values

• ~~~~~~~~~~~~~~~~~~~~~~~~~~ ± 5 f t .  re la t ive posi t ional  error  ( m a x .)

• Altitude -± 2.5 f t .  r elative positional error (max .) 

V
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f .  Special E f f e c t s

Following effects  wil l  be simulated , either by electronic, optical ,

mechanical , or a combination of these methods:

(1) Meteorological

• Vis ib i l i ty

• Haze and fog

• Overcast ceiling

• Horizon

(2) Sky background simulation

• Terrain model(s) only.

g. Visual Display Subsystem Characteristics 
L

• Display type-- Collimated , virtual image type with mi rror and

beamsplitter

• Display image source(s)— - 26 inch (d~.agona1), high resolution

(~ 1500 TV l ine) ;  monochrome TV moni tor(S)

• Display configuration- - Overlapping horizontal matrix of three

collimated units . NOTE : Central FOV (Pd 3~~
O
) shall be continuous ,

with overlapping seams at least /1.rfrom the dead-ahead position .

• Total displayed FOV- — 1250 hOrizontal and 350 vertical (nor,u,1c/)

• System resolution * — — Approx . 8 arc mm /TV l ine pair in central

V - 

field .

*These are total visual disp lay system requirements.

GENERA L NOTE: The windscreen display wil l  be physically and functionally

compatible with the operational conditions imposed by the future possible

addition of a 6-DOF motion base.

- - 
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• Output highl igh t  b rightness— — ~ 1 f t lamber t (max .); 1O~~ ft

l ainberts (m i s . ) ;  continuously variable .

• Collimation—- The f inal  image will be collimated to a minimum

distance of 40 feet .

• Contrast ratio-- yo to 1 (mis .)

• System gamma *__ Unity ± 0.1
(ibid T& ’C.V..~~r~t)

• Image distortion (without probeA <5% r e/ c - hi’ s~~ p~c/ure  h e,g hfr

• Image distortion (with probe a,, d rv ~a.~~c t-a)~~_ s ~ ~~‘ ,- eL.1,,e /~ p ;~ / ~r . fr4e,qnI~

• Viewing volume-— 1 foot diam . sphere centered at the observer

eye centerline position

• Variation in output brightness*.~
_ Max . variation of ± 5% in

contiguous areas and ±20% overall (achieved with TV camera(s)/probe

viewing a terrain model sur f ace of uni form b.-’9 h fr ~~- 3 o) .

2. Simulated E-O Sensor Visual Display System

a. Terrain Model

Model dimensions and ta rget configurations (natural  and manmade) are

similar to the windscreen system terrain model . Some alteration of

model coloration is likely to enhance the “signature” of certain

natural features in a manner representative of the simulated LLL-

sensor ( s) . Also , special “active” target sources may be used to

simulate additional sensor target enhancement characteristics (e.g.,

“hot” targets viewed by a FLI E system) .

b. Ter rain Model I l luminat ion

• Type — Source character is tics  wil l  depend on uni que sensor simuLi - V

tion techniqut’s proposed by the contractor , ~~~~~~~~~ ~~~~~~~ ~~~
--______ 

cp/~.c~.l/ f,// ~~ri#~y / c~ er ’hc’~~ ce ~~~~~~~~~~ 
~~~ 5’d,’p r~~ -r~ Ce~~-/ a,p~ p, ic-~/ ~~/  f ~~c~ / U r~.s.

* These are total visual display system requirements. 

- 
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• llluminition level on model— - Determined by camera sensorJ s~~$/e,,,
(in pvc 1 o/ t ey ,~~,~5 0/ / ,/~r~ .i~~j

sensitivity1and opt i cal probe characteristics . Estimate

500 foot candles (m ax .) .

• Light pulse frequency- — Phased to produce approximately 360

pulses/sec.

c. Optical Probe

• FOV- — 60° and 80 circular  (selectable, with 1/4 sec . change-

over t ime) -

• E f f e c t i v e  focal length , EFL — — 16 ± 2 mm~~

• Entrance pupil diameter—— 2.5 mm

-~~~
• T number-- T/i0.5 (nominal)

- V - 0 ~• Pr i r~try image format- - 17 mm dia .  for 60 rOy

• Focus ran~e-- I .4 inches to infinity

• Focus control- - CJ - -i /,—c- //~-éfr ~~~~ p r ~f f / /,o~~ c.—/

fc c/~~~~~~~~ ~~~~~~~~~~~~ L

• Mapping- - h Fe type~~

• Resolution at center of field—— 1 arc mis (nominal max.)

• MT1-’ (object in plane of best focus for the spectral region

of 0.4 to 1.0 microns)

1-— On—axis — 95% of diffraction limit

2-— 30° off-axis — 50% of diffraction limit

• Roll control excursion- - unlimited

• Pitch control excursion—- +~ c°. —~~C ’

• ~ aw control ex cL rs io n—- L l n l i m i t c - d

• Servo nt a t i c  accur~ cy -- 6 ~irc  m m .  ( f o r  each a t t i tude  servo )

~ 
Probe Pro tec t ion--  To be provided by hordware techniques and

~o f t w i i ~’ control .

-.4- Z, le.- .-e /~ /#-~I pa , ,~,.Ap.-s s~’ 4j &’c,~ 1~ -ade--cic

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~1h... ~ ~~~~~~~~~~~~~~~~~ _ _ _ _ _  - - 
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d. TV Camera ~ystem

• Type sensor(s)-— High sensitivity type specified with good near-IP

response and high resolution ( > 1000 TV lines). Possibl y 1 1/2

or 2” vidicon plus S-20 type intensifier(s) . NOTE : Specific

sensor is a contractor option .

• Operating mode—- Monochrome

• Configuration—— Separate camera head . Camera control unit remote

from camera.

• Frame ra te/ inter lace—— 60 fields/se c ., 30 f r a m e/ s e c . ,  2:1 “locked

interlace.

• Total scan l ines/ fram e- - Selectable-— Typical range from ~ ic to 1225 .

I • FOV -— Selectable-— 600 and 8° diagonal (determined by optical probe)

• Raster aspect ratio-— Adjustable: Typical range 1:1 to 1:2

• Vertical resolution- - Determined by l ines/ frame selected

s Horizontal resolution-- Maximum ~ 1000 TV lines . Lower resolution

achieved as desired by lim iting video bandwidth with selectable

low—pass filters.

• Lag-- - 10% residual signal af ter  50 milliseconds (desired) .

• Sensitivity- — Sufficient when operating with specified probe to

produce 35 dB video S/N with model illunthation ~ 500 ft candles .

e. Gantry/Servos/Transport

Same as for Windscreen Display System , except that the E—O sensor
h a v e  /.4~ ~~(Jfc,L~,/ ~/ ~/ of /~ e/,~~9

probe will A biased to ride a nominal S to 10 feet (scaled) above
~~~~ Ic- C( é

the windscreen probe at and below tree-top leve1A l~ ~7s,’,-~,2e

pr.ø~ e pra~ -eC?’/as.~ prat~Ierr .

-- _~ 
_ _-_4~_•:__~~~V_ ~~~~_ V V A ~~~--

- - --— -V—- - ~~~~~~~~~ ~~~~~~~~~~~ 
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f .  Special E f f ec t s

Meteorological and sky background simulation effects) similar to

those used with the windscreen display system1will  be used .

In addi tion , special ~~~ processing~wi1l be employed to modify

the characteristics of the basic video signal from the TV sensor .

These are expected to include:
• Gamma changing

• Noise insertion (calibrated levels) r
• Sog~,, bt°cz~~~ de focs,s,,-,9
• Signal clipping (black level and/or white level)
• I’/ deo &~o~d~ iS/h ~~adI f/ca11Oh
• Signal polarity inversion

r
g. Visual Display Subsystems

As noted previously, the direct view type monochrome TV monitor

(with its size dependent on the particular flight compartment con-

f igurat ion)  is t~ e basic display device planned for use with the

special E— O sensor system. Typical basic characteristics will

include:

• Resolution-- 1, 500 TVL (nominal ~-,-i a~~ )

• Brightness-- Normally operated at relatively low levels

(2 ø ~ foot lamberts (~s~a x - )1 C /~ 3/ j~,,’5/c?64- f o~
OP~’ 

ae .~.i.J c~-i ope ~-o /01-. vie w,#i~5~ In 00 ltJ ~~~ c S~~Ic-I- ivI/.4 lowe,
- - ,vindsc,-e~em SJSp / Q~ , ,, pjs kvek .

Additional special devices,1will be used as the basic VFRF system

expands. The8e include , as noted in Table 3, the helmet—m ounted

display and the HUB devices. r

- 
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— TECHNICAL SUPPLII~tENT

Three analyses and/or trade studies are included herein as supp lementqry

mater ial . They are :

o System Configuration Trade Study

o Visual  Disp lay System Analysse and ~radeoffs

o Motion Simulation Analysis

In combination , the results  of these sub—tasks provided the background and

the technical rationale for selection of the moa t desirable VFRP system approach

to meet major ARI research requirements and test objectives.
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SYSTEM CONFIGURATION TRADE STUDY

1.0 LCOPE

The magnitude of the Visual Flight Research Facility (VF RF ) study task ’s

conceptual system definition phase requires an approach definit ized by several

analyses and trade studies. This document, the first of the group, anal yzes

the spectrum of candidate systems and selects the one most suited to meet the

VFRF requirements.

2.0 REQUIREMENTS

2.1 Preliminary VFRF Concept and Characteristics

The following initial requi rement s were established by ARI (Reference i ) .

Subsequent and expanded requirements are listed in Reference 2.

“VFRI” Concept

The basic components of the envisioned laboratory will include :

o Wide angle vi sual display of the external world suitable for psycho-

physical studies.

o High caliber electronic and television subsystems to achieve the

necessary qualit ,- and control of visual i-aramet~-rs .

o Helicopter controls and instrumentat ion at a level of simulation

complexi ty  adequate for behavioral studies .

o Comprehensive experimenter ’s control and monitoring station .

o Cockpit provisions and interface equipment for special devices such

as helmet-mounted display . V

o Multiple stimulus materials and sensors for the visible and simulated

infrared range.

o Computer facili t ies for physical simulation , experimental control ,

data recording and pre-processing.

1 -:
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Special “VFRF” Characterist ics

o Control and repeatability of system parameters ( e . g . ,  i l luminat ion

levels , gray scale , etc.)

o Mult iple levels of parameter control .

o Comprehensive inter-relationship of parameters .

o scope and lat i tude of potential studies .

o Flexibi l i ty  of u t i l i za t ion.

o Comprehensive performance measures and data recording technology .

A l isting of preliminary characteristics envisioned for the VFRF were

alBo eubuitted with the initial requirelnentB and Bubsequently were expanded

in Reference 2. These are presented

below , not as actual requirements, but as a l istino of strongly desired

system features which helped determine the recommended system-Level concept

for the VFRF .

Visual “ Requirements ” (Prel iminary ) r
o Field of View

Horizontal 120° — 140°

Vertical (down) 20°

(up) 100

o Resolution - 6 arc minutes (vertical and horizontal)

o Contrast - min imum of 10 shades of gray at the display

— 
o Scene Brightness - infinitely variable from 0 to 100 foot lamberts

(uniform and non-shadow)

o Chrominance - full color with “white light”

o Focus — 50 feet to inf in ity

o Simultaneous perspective viewing : pilot and co-pilot

o h ead Motion ± 10 inches horizontal

~ 5 inches vertical

L VV 2



o Depth Illusion (display and stimulus characteristics)

o Angular velocities and scene perspective without distortion

o Simulated eye hei ght  - 8 feet

o Atmospheric visibility: 0 to 10 miles

o Sun simulation : variable from 200 to 600 in elevation , and 3600 in

azimuth.

2 .2 Experimental Requirements

2. 2.1 Crew Tasks - Analysis  of the crew tasks in NOE f l ight , from TC1-l5

“Nap-of-the-Earth Fl ight  Training’ , combined with the chapter on “Range of

Research Studies ” , f rom Reference 1, gave the following basic crew task

def in i t ions :

a. Pilot Activities

(1) NOE Flight — Terrain avoidance flight with minimum skid

and rotor clearance of ground , trees, or other man—made

and natural obstacles. This will include vertical and

azimuthal maneuvers as close to these obstacles as possi-

ble to provide maximum visual concealment .

(2) Hover and Special F11 ht - Flight with zero velocity

vectors , again utilizing maximum cover during periods

s imula t ing  troop delivery , evasion , or preparation for

at tack .

b. Co—pilot/Navigator -WSO Activities

(1) Te r r a in  Observation - Flight path monitor  and navigation

feature or target detection . This includes enroute navi—

Vla t lo n  with both detection and recognition of outstanding

features , and at least detection of less well defined

features or targets.

I
— 
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navi gation cri ter ia  shall he available for tlhe single tests to

alleviate distractions encountered in crew coordinated flight

conditions.

e. Typical crew coordinated NOE missions shall extend for a 15-30

minute time period , with a desired total time of simulated f l i g h t

of 90 minutes.  As an option , one hour of f l ight preceding (~IOE may

consist of precision maneuvers at a hi gher al titude than NOE , or

under tFR conditions in simulated clouds or other adverse weather.

2.3 VPRF System Requirements (Preliminary) (1)

The VFRF system requirements shall be defined along the subsystem

lines of the experimental complex, control complex, image generation complex ,

and image presentation complex. These areas , along with major internal

blocks , are shown in Figure B-i . The requirements are derived from the infor-

station sources identified in Section 2 .1, crew task studies mentioned in

Section 2 . 2 , review of various related references , vendor discussions , and

meetings with ARI and with NTEC and USATD~ (Orlando , Florida) personnel.

‘

/ i
Cl ) The preliminary requirements listed in this system-leve l trade study

were modified as the overall VFRF NOE study nroqressed . However , the

in i t i a l  requirements discussed here provided a common basis on which the =
several candidate system approaches could be compared and recommendations/

selection made on the best general system concept for the VFRF .

- - , - - ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ V
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7 . 1.1 F xp erimental  Complex

2 .3 . 1 . 1  Compartment Description - The f l i gh t  compartment interior shall

represent the basic design of a UH—1C or similar type si lo-by-side seating

helicopter . All instruments, indicators , gauges , controls , and placa rds

that  wi l l  be fu rn i shed  shall  be located in the same position as in the heli-

cot t e r .  Al l  components shall  have proper operatinq l imits  marked or or in ted

on in the appropriate olaces. The interior trim and furnishings need not

u p l i late those of a s tandard UT - i—i C. An observer ju no seat shall he ins ta l led

d i r e c t ly  behind each crew member seat . The unassembled compartment shall be

capable o~ passage through a 6’ by 7 ’ 6 ”  by 2” doorway . The assembled corn-

partment shall  be c~ t’abte of complete and unrestricted oneration while

c o n f i n ed  w i t h i n  a volume defined by 500 square feet  f loor  area with a ceil ing

height of 70 f ee t .

2.1.1.2 Flight Controls — The simulated flight controls shall include , but

not be limited to , the cyclic stick , collector , rudd~ r pedals , and their

associated t r im . Control forces shall be simulated in the f l i g h t  comoartment

wi th in  the l imi t  of travel of the controls and s imilar  to the control loadinq V

system exis t ing  in t i ls actual  hel icopter .  A mode control  shall  be avai lable

to allow total  hel icopter  fl ic ih t  control from the c y c l i c  s t ick and collector ,

with one ~er form inq  a t h r o t t l e  func t ion  and the other .1 d i r ec t i ona l  ftIr.-:ti ’4n.

C~v :1ic  s t ick  — P i t c h , Poll , Yaw

Collecti”o Pi t ch  — P i t c h , A l t i t u d e , Ve loc i ty  
-

V

Tt t r o t t  In — Al t i it t, ’ , ‘1e loc j V

r~t i -t0er Pedal —

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —
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Range cuanti~ at ion

+ 70 deq . 7 mr

Roll  + 45 cleq . I or

Yaw 360 cleg . cont .  2 Inr

A l t i t u d e  0—2000 f t .  10 ~‘t’et

Veloc i ty  0—1 00 knots I kn ot s

1. 3 .1. 3 Flight Instruments - The cockpit instrument panels , pe-1estnls , con-

soles,  and communica t i on  panels s h a l l  he simulated in accordance w i t h  approved

f l i s h t  manuals  for  tho  I JH— 1 C he l icopter .  All  but tile 0ollowina instruments

nov be pho to  mockups or dummies:

I n o t  r u r t o n t  Rafl~~~ Our int i za t  ion

0—200 knots 3 knots - ‘

A t t it u d~~ Direct ion
I n t t c a t o r  +60 -leg. 0 , +90 da rt . ~ 1 deg .

Alt imete r  0—2 00 0  f eet  10 feet

Rate of Cl imb 0-300 f t / sec  10 f t/ s e c

Compass 360 deg . 3 deg .

Course Indica to r  360 Inc . 3 den .

Turn and Slip +t deg/sec , +0 .15 0 . 2 5  rieg/sec , +0 .00

Torquemeter ~-50 osi 1 osi

Gas Gen. P1°’ 0—101.5% r

Dual Tachome t er 0-7000 RPM ~ 10 RP’I

Turbine In l et
Temperature 0 — 1 0 0 0  0 1 ~ l -



2 . 3 . 1 . -I ~p.’cial  Di sp l ays  — The special disn]ay system shall include an

imaqe rr r -essor designed to s imula te  the character is t ics  of a var ie ty  of

sensors based on spec i f i ca t ion  data provided by the manufac ture rs .  The pro-

cessor is  used in conjunc t ion  with a standard sensor whose signal character-

is t ics  i t  varies to match the desired simulated sensor . Heads-up display (HUD)

interface capability shall be provided , as well as space availability to allow

installation of a nominal 19-inch TV monitor . Further potential display

capability that shall be considered is a helmet-mounted display and/or sensor

LOS cueing requiring a means of head (helmet) translational and rotational

measurement for both the pilot and copilot of the simulated vehicle.

2.3.1.5 Motion Simulation - The motion system shall be mechanized to maximize

the onset cues to the experimental subject so that actual cockpit motions stay

with in physical limitations and correctly track the frequency of the motions

but not necessarily the amplitudes. The motion base system shall allow move-

ment in fou r degrees of freedom :

Ver tical Displacement

0-24 in. m m .  +0.5 g accel. above and below

0-30 in. max. the normal 1 q m m .

Roll Displacement

+ 15 deg. m m .  + 70 dea/sec2 m m .  accel.

Pitch Displacement

+ 15 deq . m m .  + 25 deg/sec2 m m .  accel .

Yaw Displacement

+ 15 deg. mi + 100 deg/sec2 m m .  accel.

— 
- V ~~ 
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A “Dynaseat or alternative motion system may be utilized if it can be

shown that i t  w i l l  cause experimental subject  response ecuivalent  to that  avail-

able from the above motion base system .

‘.1.1. e Monitor  Console - The monitor console shall contain the controls and

-l i sp lays  to operate environmental  and visual  s t imul i  as wel l  as monitor selected

measured parameters . It shal l ,  at a minimum , contain the following functions :

Function an~~~ Ouantization

Keyboard 0-63 6 bits

Funct ion Bank 0-15 4 bits

fl/A Display +10 VDC, 16 bits 12 channel , l1~ bits

CRT +50 V 0.020” spot

V . 3 .1.7 Environment Control - Normal cockpit ventilation outlets shall be

instal led and operable to distribute air from the crew station cold and warm

air sources. It shall maintain a standard temperature — humidity environment

throughout ambient room temperatures ranging from +60°F to +100°F without

sub jec t ing  crew members to a maximum aimed cooling air velocity in excess of

300 PPM .

Temperature variability 35°F to 110°F

Aural Simulation

Airflow

Turbine F-nqine

Drive Assembly

Aural r,imit;

(I to 13(3 Oft V
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2 . . - ‘ co n t r ol  ‘ rr~r I ex

1 . I . 1 Contro l  ‘O i l S  ~le 
—- The control  console  sIta 1] ‘(‘nt 0 ~ t t he contro l - ;

tot 1 i p la ys  to (‘ ( ‘r i t e  environment-i l and visual S t i m u l i  , as w e l l  a’; mon i t t

‘;, ‘l ec( ed parameters or combinat ions  of  se l e c t e d  parameters ic r  the test

Tt  shall , i t  a minimum , contain the fo l  lowino f u n c t  ions :

Fun c t ion  Ran3~ puantizat ion

Keyboa rd ~ b i t s

Control Functions 0—31 5 bits

1)/A Disptiv S — + 10 VDC 12 b i t s

20 channels II hits

CR 1’ ÷ 50 V 0.020 spot

1° - i n c h  TV Wj t ;I s c : e o n  Di sp l ay  -‘ 02~ lint ’

1°—i nch TV Spec ia l  Display “ 525 l ine  
V

.

; ‘o l i l ’r a t i o n  an- ! test i n i t i a l i zat i o n  to desired values of accuracy sha l l

he con t rolled through this console.

2 . 3 . 2 .2 c ’o m n i i t o t i o n a l  Corn~~1ox — The d i g i t a l  c o m n u t~~~r - - -“ c I V i e x  s h a l l  c- ’n - i s t

of one’ or more general ;‘url ’- ’ ’ digit a l c ripitters (- y - ‘  r o i l  t j t i  c t - S O O t V( ’5_

f i nurat ion) for t he ent i r e VI’RF syst  em V All to  ~‘-~~‘ r - - i’!’’s - h i l l  h~’

1 l e n t  i - ’. i l  i n - I  , -omp l - t  e l y  l t l t t ’ I c ’i O f l T i h l t ’  01 ‘ h, ,\ V  s h i l  I a t  1 1 ’ -.‘l ,’- t  ‘1 ‘ t ori o

m i n i  i i  -t u re r  ‘ ii fami lv - V i  upwai  - I c ‘ u p it  ihi l i t  y

‘.1 .2. 1 ~~ t tware  - O t t i V i t , ~ t o c t t t ;  s h a l l  i t  ,. ‘ .
~ ‘ ia  - 1  mo.I’tl -

~~ L ’ v  u ‘ i - -h

‘t t e n t  i t  i o t t . T h e  • ‘ x - u t  iv - - ~iid Sup e r v i s e !  \• pt ’ . l t  ‘~~~ - I  . • i ’

p , t t inf lS  - o~ the d u l S I t i l t t t ) t l 1  ‘ i  i ’ d l m ’ .t V , t  l i  ‘~~~~ d ~“ 
V t  - a ’  l e t - c -  ~. - 1  5. ’

1’~
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I . 3 . ‘ .4  ‘lest fla ta l-~va I uat  ion and Record i j l q  ( ‘01)501 e V A test d a t a  eva lua t  ion

and l i s p l ay  con sole sh a l l  :a )  be a v a i l ab l e  to t’rccvide select ive  r e a l — t i m e

monitorinq of flight parameters , h) contain a facility for collection of - i ll

experimental data , c) contain the interface and capability for reduction cm t

experimental data , and 0) allow display and printout- of data on a post-

exnerimental basis. This console shall have the capability of allowing real

t ime manua l interface with the system during a test, and i t  may be placed in

automatic mode for other tests .

2.3 .3 Image (‘,ene r a t ion

2 . 3 .  3 .1 
~~~~~~ ~~~~~~ 

V The image source shall  consist. of a r e p r e s e n t a t i v e

1(1 k~’ l’v 30 kM area around Ft. Ruchc’r , Alabama . It sha l l  include seL ’ctt ’ l a i r —

fj i;l - l~~, typical wooded areas , cleart’d areas , and some residential buil ding

areas. At least two vehicular moving targets shall he avai l abl e in the imaqe

source (desired f e a t u r e)

If a t e r r a im m o l e ]  i s  selected as the image source , ~i ts scale shial 1 tic ’

dependent on the image pickup techni iue . Control :ic - c i r i - -y s tud ies  m d i  c i t  ‘

t I i a ~ th e model s h a l l  he bounded by s c ale  l i m i t s  of 1) 0 :  1 to 1 000 : 1 to  meet

cot i c t r 1 i n t s  related to

- i )  P ick up sen or c h a r a -  -tori St i- s

h) Realism of ‘ ‘ I l - w ’ l  s -one 0eV - u 1 -;

( V )  tission l ength

11 Control ac~ c - ;ir i “
~ 

- i t t - i  r i V e a l t  i t i l i t  ~ ‘ .

11
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7 . 3 . 3 . 2  Image Pickun

a.  Windscreen : isp lay  P i ck u p  - This imaae ;‘icku;- device shall be

compatible with the following desired visual disolay system cr i te r ia :

Field of view Horizontal 120° - 140°

Vertical +10° , -30°

Resolution 6 arc minutes , ver t ica l  and hor izontal

Grey scale redition M m .  10 shades of grey at disnlay

Chrominance Full color

• Focus 50 feet to ( s imula ted )

Simultaneous Perspective - Pilot and Copilot

• Simulated Eye height 0 feet

Sun Simulation Variable Elevation 20° to 60°

Variable Azimuth 160°

b. Special Dispiay Pickup - This image pickup device shall incornorate

2 DOF capabi l i ty  (a7ir ’vth ~tnd elevation) beyond the 6 DOF of the s’ind-

screen display . It shall provide a variable FOV — nominally S to 20

degrees (or greater) - and furnish  monochrome s igna ls  to the special

display dev ice( s) .

7 . 3 . 4  Image Display

2 . 3 . 4 . 1  Windscreen Displa~~ — This display shall sa t i sf y the desired c r i t e r i a

under section 2 . 3 . 3 . 2 , and in addition , shall incorporate the followino

characteristics:

Denth i l lusion V

Anaular velocities and scene perspective wi thout  s ign i f i can t  distort-jot;

• Atmospheric Vis ib i l i ty  - very hazy to un l imi t ed

• Display brightness — 0 to 10 foot lamberts (100 foot lamberts desired)

12
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Applicable display compensa tion also shall be included to minimize geometric

distortion effects peculiar to the selected disnlay technique .

2.3.4.2 Special Di~ p~ay 
- The imagery displayed on this device shall simu-

late the characteristics of selected sensor aids which may be incorporated

on actual helicopters. The normal display device employed shall be a direct-

view type of TV monitor ; however , provision also shall be made for the use of

helmet-mounted display devices for this purpose .

(1

L 13
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3.0 DESIGN CANDIDATES AND CHARACTERISTICS

Research and l i te ra ture  surveys coupled with vendor in te rv iews and analysis

limited the choice of subsystem candidates to the following group :

Ex~~~r imenta l Com~~~ex

a. UH—1C Equivalent Flight Compartment

h. Standard Flight Instruments and Controls

c. Design-to-Requirements Monitor Console

d. Design~ to—Requirements Environmental Control

e. 4 DOF motion base or Dynaseat type motion simulation

f. Design—to—Requirements Interface for :

1) Night Enhancement Device -

2) Goggle or Visor t-telmet-Mounted Display

3) Heads-Up Display (HU D )

4) Cockpit TV Monitor

Control Complex

a. Design-to-Reciuirements Control and Test Consoles

b . Design-to-Requirements Computer Complex

c. Design-to-Requirements Software

Image Generation

a. Source-Terrain Mo lel or Film or Transparency or CGI

b. Pickup-Optical Probe or Projector or Point Liqht or Flyin~ Snot Scanner

14 
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Image Pr~ sen ta t  ion

a. Processing - TV—LLL-IR simulation and Electro- (cntic4l or 0ntical

or LSCGI —

h.  Display — remote screen , cab attached p ro jec t ion  screen , or cab

attached v i r t u a l  image d i sp lay .

Usinq the image source as the key to system categorizatior~ 1-he i r - ’o l i - a t- i o t;

of s t r a i g h t f o r w a r d  combinatorial  logic techniques gave - ‘s- r j 5  t o - ; s l h l e  ‘ c - r r l i n

model system conf igurat ions , 16 possible f i l m  system c o n f i g u r a t i o n ; . t~-l :-c o s sj l 1 o  
V

transparency system configurat ions, and 48 possible computer generated system

configurations , each acceptable for at least one ortion o’~ a research or

ex; erirnental goal. This cross-matrix of goals and cand i la’es cannot Ice -~~s-

sirlered without the use of sophisticated processing techniciues , unle ss a set

of su’inlifvinq criteria is used for initial system selection . The cr teria

used in this study is the general task list from Section 1.2.1.

The following system configurations are defined to meet at least one set

of pilot or copilot/naviqator-WSO flight task or activity criteria and meet at

least one set of qeneral requirements (both Section 1.2), plus as many of the

pre l iminary  subsystem requirements as possible (see Section 2 . 3 ) .

L i  System Conf igurat ions

3.1.1 Terrain  Model System - The terrain model system conf igura tion  is

i l l u s t r a t e d  in Figure R - 2 .  The system consists of the folLowinq :

- i .  Experimental  complex (Un—ic ecuivalent)

1) F l igh t -  Controls

2) Fl iqh t  Ins t ruments

15
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3) Monitor  Console

4 ) Environment Control

5) Motion S imula t ion  - 4 DOF or Dynaseat

6) Special Display Attachable Options

Goggles or Visor

1-TUD

Cockpit TV

b .  Control Complex

1) Control Console and Test Data Console

2) Computer Complex and Software.

c .  Image Generat ion

~11) Source - Terrain Model

2) Pickup - Dual Input Optical Probe.

0. Image Presentation

1) Processing — TV

2) Display - remote screen, attached screen , or virtual image display .

The flight controls in the experimental complex are coupled through the

control complex computer to drive the flight instruments and motion subsystem

in the experimental complex , and the scene pickup transoort and WFOV probe in

the image generation complex . The special display controls in the experimental

compie’ are coupled through the control complex computer to drive the NFOV probe

in the image generation complex . The WFOV probe and NFOV probe images are

coupled to TV cameras and transmitted through their electronic nrocessing cir-

cuitry to the windscreen display and special display subsystems , respectively .

The computer in the control complex may inject small scale computer genera ted

1 t-~’
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—



imagery (~ ScCT) into either of the electronic processine channels. The

exoerirtental comolex and control complex consoles are interfaced to drive the

exnerimental complex environmental control and throuoh the computer , to exer-

cise - -ontrol over the ~FOV probe display and terrain model lighting character-

i st  ic5 .

L1.? Film System - The film system is illustrated in Figure F3-3 . The

system consists of the following :

a. Experimental Complex (UI-I-iC equivalent)

1) Fl ight  Controls

7) F l i g h t  Ins t ruments

1) Moni tor Console

-1 ) Environmental Control

5) Motion Simulation

6) Special d isp lay attachable items

Helmet Mounted

HUD

Cocknit ~T

h .  Contro l Complex

1) Control Console and Test Dat a  Console

2) Computer Complex and Software

c. Image Generation

1) Fi lm

0. Imaqe Present:ation

1) Nar row FC~I windscreen oickup and special  - 1 i- .~Cay e l e c t r o nic

processing 17
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2) Wide screen  front or back orojection .

The f l imh t controls  in  the exper imenta l  complex are -~~c 1nled t I irou c :h  the

control complex computer to drive the fli ght instruments and motion subsystem

in the experimental complex. The special disp lay  controls in the exp ~~r~ menta l

comolex are coupled through the control complex c -Omt u t~~ to d r ive  the wide-

screen segment scanner in the image presentation unit. This scanner transmits

the widoscreen segment throuqh i ts electronics  orocessi:vi t o  d r ive  th~ soecial

~isp la’,’. The widescreen display in the i r’i-iqe presentac c~~;fl complex is dr iver .

by the film projector from cine image storaqe . The co~cs:te r in t he  control

~crnp 1ex may inie- :t  SSCGI into the special display e~ectronic processing r : 1 ;annei .

?he e: erimental complex and control complex consoles are interfaced to drive

the  exr~~rj m e nt a l  comnlex environment control.

3 . 1. 1  Transoarency System - The t ransoarency system is i l lus t ra ted  in

Figure  °- -1. The system consists of the following :

a. Experimental Complex (Un-iC equ i valent)

1) F l igh t  Controls

2) Fl ight  Instruments

1) Monitor Console

4) Environment Control

5) Motion Simulat ion

6) Special Display Attachable Options

Helmet Mounted

HUD

Cockoit TV

18
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h. ontrol Complex

1) Control  Console and Test Data Console

2) Computer Complex and Software

c. Image Generation

1) Transparency

2) Transoarency L igh t ing

3) Apparent  Motion Model

-1) Transport and Scanner Control

5) Point source optical or Fl ying Spot Scanner *

d.  Image Presentat ion

1) WFOV Electronic Processing

2) ~~‘r)V Electronic Processing

3) Display - Remote screen , attached screen, or virtual image display

~“he f l iq h t  controls  in the experimental complex are coupled through the

- -) ; 1 t ro~ complex computer to drive the flight instruments and motion subsystem in

the exper imenta l  comp lex , and the scene pickup transport , transparency , and wide

Cd” scanner in the image generation complex . The special display controls in

the experimental  control complex are coupled through the control complex computer

tc dr ive  the narrow FOV scanner in the image generation complex. The wide and

narrow FOV scanner signals are transmitted through their respective electronic

t I ro ce~-ising u n i t s  to the wind screen and special displays.  The computer in the

* The flying ~c—ot scanner is the assumed image generation pickup method in

the subsequent summary -lescri ntion .
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~ I the N i t  V ; - ttu\cr d icy lay , mot: ion mod, - 1 cent it ~t I , and t r a nc t l r e n c v  cent 1 - 1  .

1. -i Large scale t~~~ t I~ v n t t ’m - The I u i - qe ~~~iie CGI ;;v~- t e m  i n  i l i t t e t  c i t  ~- 1  j~~
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~
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‘)  i-i i q l i t  In - i t u rn outs  ~~~ 
-

~) Mt c i t  I or ci;; c i  -
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- ~ ‘fl i t  c t  -1  Ct tn t  I cx u flt I ~~O t~ I W i t  I -

~) - ;  1 i - I - I  t i  and ~in t w o e  
V

1 . . Im age  C - n ’ t . i t  i on  i ,  ev i le l it ; 1; . i h t v -  . 
-

1. T i n t - i t - 1’ r t ’ c t , i t t  ~ t t t ~~n

11 I i t ’  P ;n  1 1 1 1 1  - M m ;  ‘n; ‘i t t  c i  - i ni CRT

.‘) Pt ;;play — i -nic t ’ ; ,t r e l~t; i t t  i - P cI n -r et ; , ‘ t v i i  I ual image - I t  c l i v
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The fl itili t cod icls in the experimental complex are ;-o’niTed through the

- c i t rol - - c t ’ l ox  --ompu t c i-  to drive the flight i nst r u m ent s and motion subsystem

in i hc ex i t o t i r n e n t a l  t - -w i p l e x  and the eve posi t  ion ~or CGT d i s pla c e m e n t  comput  i t  t - ~ns

i n  the - trni~ u i or s C~~t -i l l  - o t t .  The special - l i s p l a y  c on t r o l s  in the e x p e r i m e n t a l

-t~n;tlex -ire - - - - tnied through the control complex computer to provide display LOS

‘C I - I i  en I - i -  -einen~ - - tnt ’ ;  i t - a t ions  in the computer ‘ s C C I  ad d—on . The C~,I w ; ni—

screen - l i - ; r l a v  and s p c- i a l  display signals are transmi tte l through their elec t r o t t i c -

u t r c i c , c t s i  ug t o  the wi nd screen d i s p l a y  and special  d i sp l ay , r ’spcct i ve iv  . The

expe r imen ta l .  complex in t l  con t ro l  comp lex  consoles are j u l  erfaced to d r i ve  t h e

experimental complex environmental control and through t i ; ’ control complex c-t in-

puter , spec ia l  display variations .

3 .2 Pesign Candidate Cl I r  Cs

The systems d e f i n e d  in Section 3.1 will he covered herein from a more

tietailsd subsystem standpoint. This will allow a deeper l evel of comparison

and analysis of the system confiqurations. The detailed characteristics of

areas such as the computat i onal complex , software , and other engineer ing  des ign ”

decision-dependent portions of the system w i l l  not ho consiIet -e i  in th i s  document ,

which is more system c o n f iou r a t i o n  trade oriented .
p

3.2.1 Experimental Complex

2. 1. 1 F1!~~ t Comliartment, Controls and Instruments — The Un-iC has beet;

baseline- I as the f l igh t  compartment  equ ivalen t  for a l l  four  system configurations .

This helicopter cab is inexpensive , readily .availahle on t he surnius market anT

familiar to most helicopter rated pilots. The latter point will make transition

to the s imula to r  r e l a t i v e l y  easy for an experimental.  n u1t~ oct . The fact thi1i t mat;~’

of the till —I C series of helicopters are in active service will make validation of

the experiments r e l a t i ve ly  easy.

21
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The ins truments and controls for the compartment can Ite readily  obtained

on the surplus market. The only variation from actual f l i g h t  characteristics

of this subsystem wi ll be the “single stick ” control. This mode of operation

wi l l  be used by a non-pilot  qualified subject for simulation of flight dynamics

withou t excessive degradation of exper imen tal objectives .

3 . 2 . 1 . 2  Special Disp~l~~~ - Implementation of a l ternat ive  special displays for

use as portions of cueinq subsystems to aid NOR flight - especially in night

operations - forms a malor  part of the VFRF ’s experimental goals. The three major

special display alternatives are helmet mounted , HUD, and cockpit TV , or a com-

bination of two of the three for pilot and navigator simultaneous use. Additionally,

the helmet mounted display may be subdivided into goqgle or visor type full vision

displays or single eye CRT d isplays. The images generated for these displays

may be from a computer , a TV camera , or from simulated IR Or LLLTV sources. t’
~ nal1v ,

the FOV may be the full windscreen , or it may be a zoomable 50 _ 20 0 segment - ‘f tht’

windscreen.

The subsystem will be configured to allow direct view and enhanced direct

view - through the goggle or visor type display and the HUD - of the windscreen

imaqery for the pilot or navigator . This w i l l  allow studies in the areas of nici:~

vision augmentation through simulated LLLTV or IR and automated cueinct throuoh

use of a view-directing pipper. The single eye CRT display may also operate in

this mode, or it might be driven by the smaller zoomabie FOV image generator in the

form of a separate actual or simulated gimbaled sensor -lirected by head move-

mont. T h e  cockpit TV display , for navigator use only, will I-c driven by the

zoomabic FOV separate source directed by either head movement or a separatr’ con-

trol stick . CGI may be ucol to generate the scene , to overlay the scene in either

of the special display concepts , or it may be used as the view—directing pinner.

22

- — A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ ~~~~~~~~~~~~~~~~~~ 1 I~~~Iit_-~~ -. ._ -



V.- 
~~~~~~~~~~~~~~~~~~~ 

— — 

-

1 .7 . 1 .3  Motion_Simula t ion  - A 4 POF motion base w i l l  provide the r equ i re l

propr io- t -’pt ive cues in pi tch , roll , yaw and vertical translation (see ~ppondix C).

“lie positional , velocity , and acceleration limits spelled out in the requirements

in th i s  document may be modified in order that a “production ” or “surplus i-re -- V

curable ” base may be integrated into the system .

3.2.1.4 M on i t o r  Console and Environmental Complex - This is considered one of

the areas discussed in Section 3 . 2  which wi l l  pr inc ipal ly  impact engineering

design trades rather than system configuration trades . Therefore , no additional

detailed in fo rma t ion  is warranted in this study .

3 . 2 . 1. 5  Control Corn x - No additional information i s  included here for the

same reason given in Section 3. 2 .1 .4 .

3 .2 . 1 .6  Image Storaqe/C’,eneration - The areas of image s torage and genera t ion  are

two of the more s i g n i f i c a n t  trade areas for  the VFRF . The basic methods of image

ge n e r a t i o n  for s i m u l a t i o n  purposes is documented in NACTRAI t t’V CGN 7 0 — C — 0 3 12 — l

A np e n l i x  Fl , by Collier, Peters , and Simpson . They include the area of image

g e n e r a t ion  under  image storage systems , pp 1’~1 to 177. Port- ions of t h a t  docu- 
V

ment  w h i - - it  are p a r t i c u l a r l y  germane to characterietic descriptions are pr e s t ’n t e i

he re .  ~ 1 l i ~~iena l. data gained from vend--ir interviews also w i l l  he covered . The

four basic image storaoe system types available for use in v isual  s imu l a t ion

in clude (11 models, (7) f i l m s , ( 3 )  t ransparencies , and ( - I )  computer m emor ies

(the  image d isplay generators  are inc luded  in the image nr p g e nt at  ion section)

3. :1 .1 .( ~. 1 Model ~ourci ’ — Models or s c a l e - I  r ep l icas  ci the real  world have beet ;

used ‘xtens ive ly becauce a hiqh -logree of real ism can he ; ct e r i f e - h  in i - - ; ‘ r c n~ ’i; ’ j f l ;

three-dimensional area;; of natural terrain and manmade feat  t ire s  and ob-i r~-t

___________________________________________________ — — .. -- . ~~~~~~ --- - -- - V
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The scale of the model is determined by the degree of detail required

and the c har a c t e r i s t i c s  of the pick—up device . Several ( ( t O : l  scale t e r r a i n

model sys tems have been built which exhibit total transport system controllabilit y

and repeatabi l i ty to 0. 125 inch for a 40 x 40 foot size . At the 600 :1 scale ,

this provides a simulated area 7 .5  by 7.5 kM. As the scale is changed toward

300:1, t l;- .~ physical size of the model must correspondingly increase for equ i valent

-irea display . Also , this leads to increased size and weioht  in the transport

mechanism . 1\s the scale is changed toward 1000:1 , increased d i f f i c u l t i e s  arise

as a r e su l t  of requir ing increased precision in transport control ,  especially where

a fixed , simulated low altitude approach is required . For example, a 10-foot

eye level” requirement scales to 0 . 2  inch at 600:1, and it becomes 0 .12 inch at

1000:1.

A 600: 1 scale model system appears to be a reasonable compromise to meet

the mu l t i p l e  constra ints  of total model board size , adequate detail , and pickup

con t rol l ab i l i t y . Its design also w i l l  be s ign i f i can t ly  inf luenced by the character-

istics of the pickup device, in terms of required detail, color fidelity , and

l igh t ing  requirements .

3.2.1.6.7 Film Source - Film is the most compact and efficient means of storinfl

da ta , w i t h  a typical storage density increase of 20 : 1  over three dimensiona~

models. This source category includes still and cine f i l m .

Fi lm provides the maximum f i d e l i t y  wi th in  a restr icted  sna t i a l  envelcre.

This l imi t s  its usefu lness  for some applications since simulated maneuvers canno t

he realistically accomplished outside of this spatial envelope . Also , it n~~’--

vides only a 2-dimensional representation of a 3—dimensional ncene .

- ~~~~~~~~~--~~~~~~~ _ _ _
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The latest mi l i t a ry  f i l m s  have very high resolution capability , and f u t u r e

improvement in commercial film is feasible , although present commercial types

are adequate for most applications.

The film system will consist of photo flight files from the required area.

These will be in color and include the desired characteristics (where possible)

defined in Section 2.3.3.1.

3.2.1.6.3 Transparency Source — The transparency can store information

relative to a large geographic area. Small areas of the transparency are

selected for viewing with information retrieval obtained general ly through the

use of f ly ing spot scanner or point light source devices. Since orthographic

single transparencies carry no terrain elevation information , and oblique s ingle

transparencies correctly present the scene only when the simulated line of s ight  
V

coincides with the position and line of sight of the “taking camera , only dual

transparency units are considered for this system .

In this approach , an orthographic image (luminance transparency) and

vertical topographic image (elevation transparency) , - positive , congruous ,

and coplaner - are mounted in a common motion plane . The visual image is

derived from a simultaneous scan of a vertical photogranhic image of the ground

plane and a transmission-encoded elevation plate.

Dual transparencies with and without point light source systems are con—

sidered as cand idate subsystems .

3.2.1.6.4 C~~juter Mem~~ y~~~~urce - Computer memories may be used in generation

of imagery (CGI) or they may be used for detail information storage to enhance

test and mission repeatability.

25
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Regardless of the growth and potential  in mainframe memory capab i l i ty ,

the key to computer utilization in CGI or repeatable testing lies in rani l

access ib i l i ty  of tape or drum bulk a n x il i a r y  storage coup led with “v i r t u a l ”

memory concepts. This w i l l  sub s tan t i a l ly  decrease mainf rame memory require-

ments through use of memory look-ahead , DMA aux-to-cue data transfer , and

mu l t i p r o c e s s i n g  to complete the navigat ional  or CGI comoutations.

The svstiem concept envisioned for computer  da ta  storage consists of a

do ticate I CGI computer funç~ ion or dedicated p o r t i o n  of mult iprocessor  fu n c t i o n

w i t h  extensive tape-disk library and library access neripherals.

3 .7 . 1 .7  1nanr P roc ess in~j P re sen ta t ion  - Image procesr ing  and d i sp lay  are

a d d i t i o n a l  s i c i- t i f i c a n t  a reas  f or VFVF subsystem t rades .  Thi;; includes the method

of retrieva l of i n f o r m a t i o n  from storage and processing for optimum display

relative to f l - c  image pickup method .

Pickup from f i lm-based storage requires a sui tabl e illum ination source and

projection opticS; for point light sources d ir ec t  methods of projection may be

used . F ly ing  spot scanner pickups from transparencies typically use photo-

mul t inl ie rs  for photon-to-electron signal conversion , whi le  terrain models

employ optical probe/TV camera type signal conversion . Computer memory reading

requires sophisticated electrical accessing and sensing hardware . All of these

systems have been used in visual simulation appl icat ions ,  and each has i t s  own

unique advantages and disadvantages.

3 .7 . 1. 7.1 Display and View in lppt ics — The outnut  of a visual  sy stem is the

d i sp l a y .  The s i m p l e s t  form of viewing system in use is a d i rec t  v iewing  type ,

wh ere  the suhiect looks d i r e c t l y  at the screen. Infinity image display sy~ tems

use optical elements to produce a virtual image of the  observed scene at (or

near )  i n f i n i t y .

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



The resolution of display systems using a CRT i nput , a ‘ L i ght valve ”

projector  input , or a film projector input have maximum resolution limits

establ shed by these devices (and their input sources). Viewing screen and/or

viewing optics characteristics act to further limit display system performance.

Direct  viewing systems have a well developed state of the art with few

additional improvements anticipated . The infinity system types include :

r e f l e c t i v e  single mirror  and beamsplitter , dual mirror and beamsplitter, 
- -i

polari:’er (Pancake Win dow) , matrix configurations — to produce panoramic dis-

plays - as well as refractive type infinity systems.

3.2.1.7.2 pptical Project ion - Anarnorphic and zoom lens elements can be

used to achieve some perspective alternations. These techniques may be used

in cine pickup and combined with panoramic film projectors (wrap around ) to 9

give apparent lateral and vertical displacement from a cine presentation .

A po in t  source nrujec t i on  system may be used in conj unct ion wit - h a

movable transparency to give relative image movement on a f ront  or rear

projection screen . Since the point light source should be as small and as

bright as possibly, factors such as heat radiation and source geometry must

he considered in c - n  -opt  definition.

The d i re- s t I i  1 a’: -~v s t em  ( f r o n t  ot rear p r oj e c t ion  on a screen a t a

finite distance) i e an ti- r I ic ’ah] e c an l i  i e . Pot- h ol tue  or curvo.I sc reen s

may be used with both h - ty i n g  not-out ’ ial 1 
~~~~~~ ~ti— ’ns i i i  - I t e  a : - -a;; ot  I i - :~~tn, --m~

(denendent  on screen type and un-c ect or ~iee ii;’.) a ;; I ~~~ i ;  LI sr~ 1~ ron Ion ’ or;

dj - ; f a n c - ; -  f rom viewer  a n I  on viewer m o v e m e n t ) .

l3oth the film and transparenc \- sy -~
; ems are r n ; -  I omen ; able -~-~ t h * he

panoramic f i l m  prt- -ie—tor technique and a curved ‘i slat ;creeu; ;Iei l;( 1 fr~ ni

or back projec t ion . 
-
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1 .7 .1 - 7. 2~~
ical_ Probe and Camera — Tht? col lect ion of vi stial windscreen

daf t f rom a model is ac-cornnl ished by the o~ t ica l probe anti ‘7\’ camera combin-;’ i o n .

Translational movement.s of this assembly are produced lv an X , Y , t r a ns nn r t

;a;bs vstem . Roi l , p itch anti yaw LOS changes c:an be accomp lished w i t h i n  the probe

assembly . Denth of focus limitations at close approaches can be overcome by use

of Sclteimpfluq tilt-focus correction. An additional optical probe pickup element

viii alloy qeneratio~-i of sneci~~L display data .

Model illumination must he sufficient to produce low-noise camera sitmal

cutout (s) for the visual display . The minimum desired fi~ Ld of view is 
1700

~~ :o nt s l  by 35° vertical. This is achievable with state—of-the-art ol~tica1

~~n -  -~~ eS .

. 2 .  1 .7 .1 F’~yinq Spot Scanners 
- Flying spot 1-’ -O scanners are used for

informa t- - rn retrieval from transparencies. A r e l a t ive ly  small scan sect ion

coup led with X-Y translation of the transparency produces the effect of motion

re la t ive  to the photoorai’hic scene .

Apparent altitude changes can be generated by chancing the scale of the

ransparercy and /or by ~‘arv ing the X—Y scan deflection amplitudes t he FSS.

Small values of rol l  also can be generated by raster control of the f- SS .

The FSS s y s te m  is  -arabic of producine low noise .  good q u a l i t y  v i d ~~~ from

high qualLt v t ransparenc ies .  However, m a x i m u m — t o — m i n i m u m  simulated cit ’tu -ies

v a r i a t i o n s  are l i m i t ed  l~v the combination of scanner s o t  s ir e  and t ~-anonsir ,’ncv

scale fa c t or . A range of sc-an rates and ras ter  form t a - ;  or e  are av a i l aH e  to

s tt i s f y  v ar i ou s  d i o p l a y  requ i rements .

- V~~~~~~~~~~~~~~~~~~ • 



1. 7 . S E’omput er  I - u s c ~ al 1’n-oc~-ssor i l l - computer  l i t  a base is cony-’-’ c t

- l m l - ; e r \ ’  t hn -oua l t  a n t  1 av orocessor - ‘‘I c d i  sri av rio ~- - ‘550) c o n t ain s

~~~iect  ion fu nc t  ions ~t n  - cm - ;u t i n c t  ~-arahi i i  t~ it - s  t I;,; I l ee,- Ii visible -Th 1 ect - -

i n  Proper view ani 
~~~~~ 

ct ive relative to t- h- p i lot ‘ S c’: - by -ljstatl-s ;e— oojn ’

c-c’np;u; at ions.

The -Iisp lav pro- - i - seer output is video which i,; ca’-al -i e of “çaintinq ’

nictures via the C R r  r a s ter  scan mode . This requires D/~ convers ion  or speci t i

r a s t e r — i l t s i - 1 , a v in ; erfar s -

3 . 3  Can~it ate Svste;n ;~;ummaries

N
3. 1 .1 Terrain Model System Summa~y - This system as conceptually configured

in Section L1.l viii allow evaluation of all six task-oriented experiments

i d e n t i f i ed  in cec ti r n 2 . ’ . l .  P r i nc i p a l  t r ade-of ~ areas foreseen are in the

experimental  complex with respect to motion s i m u l a t i o n , in the image generation

rompiex with respect to the  ontical probe(s)  and TV camera(s), and in the m acre

ere sen ta t ion  comp lex wi th respect to remote screen versus attached i n f i n i ty  - 

I
1i~~n 1ay( s )  and thei r  associated , unique f e a t u r e s .

The basel ine  image cenerator source will be a ~~. P x 7 . 5  kM t e r ra in  repre-

s * ’n t . t t i c in  rather than 1;) x 10 kM. This w i l l  allow use of a 40 x -10 foo t ,

t O t)  : 1 sca - i t  model . Pv ; tems of this  type have been b u i l t that exhibit the i-c—

quired c-ontrollab i~~t ’, ’ an- i  r eoeatab i litv  cr i ter . i  °or r r - - -:isi~~:i nrohe uom sition ing .

In s e r t i on  of S5ii~l w i l l a l l ow  “ change ” in t h e  a v a i l a b l e  t e r r a i n  by superposition

of d i  I f e t e:- t checkpoints  into the same background , ef “- - !  i cc l v  i n c r e as in g  the

t l e x ih i l it v  of the model.

3. .7 F ’i I n -~vr  tori Surirtar v

- ; s v st  em will allow evaluation of the  N a v ; a a t o r  WSI e r r a i n  tjl-i -ic-ryat ‘on 

A- - ~~~~ ~~~~~~S S -  A.~~~~~~ - -- --



F- ____

t a s k s  • and , with some r e s o l u t i o n  - l e o r a d o t  on , tt ;- ~ea nrc ~coir i t io n, as1
~ s -

Semi - a- ’rau -~n n t i c s : -~n sc to pi lot c- - ‘-it - ro l  wi ll be i~oesjhle throucilu motion sin ;;—

I a t i o n and I t s o l a y  ima ge  sh i f t , but the f a c t  t hat  the  di s n l av  is p r i m a r i l y

r u o n n ~ e i t o  the ; ‘-r - e n - ~’ l iv e  and l i n e  of s ight  of the ‘~ akinq ’ camera w i l l  cause

- nsi! eral le -Iis tort~ on i’ significant flight path i e ’- i at i on s  are a l lowed .  A

~ueinq “e- -h a u i i s m g i v i ng  suggested f lj q h t  path can a l i - -c ;ate the gross r e q u i rem e n t s

‘~ -r  scene shFt hut such an aid will definitely d e t r act  from desired exper imenta l

om n l  it ions

A s~i t i s f t  -to ry  means  of generating the special dt si~lay imagery w i t h

deni red ri -solution qualit ‘.- is not ap p a r e n t  . U se of a w~ ti-lecreen ;‘aaoo seeme:-.t

s -a : rner  , such as a TV w i t  h a room lens to ep,eyate soeri a l  l i so l a v  n m t o o r v ,

c-ne r il Iv c il l  r e su l t  in ociorer resol-at ion than tha t  seen by d ir e c t  V i t ~W 1fl c- O ’~

the  wi n dn - -r - -en im age . lI t-ev er , th i s  approach may u i i v ’ -  1 i rr i ; od usefulness f r

n i r rn l  at i - - n  of I t  or 1 1.1. 1 i sr l av  systems .

3 . I i - a n n - n a t  en -v ~yst e;-:I’-umma~~’

T h i s  nve~ ern w i l  1 - i i  Low e’~ u l u i t  ion of the same na\- ; a a t o r — W ~~; t e r rai n  obser-

va t ion an~I f e a t ure r , -c -eou ;i  t h u  tasks t h i t  are ident -  i ’i~-~l i i ;  c1 - - ’t - ion 1~~~~, ’ .

r ,n t - ar eu i f n i  lot -on t r o l  ;o s°cuise  w i l l  1-c somewhat not- c r oi l i s t  I :  due to fl --

i I I  it  j ori i 1 traii-;ner t an- I nc- one rioverient capahi lit ‘- avail uhi e - However , the

~ i ~ o I persmec- t t v e  nrn 1t; -~oI hI’ the “takina ” camera still nlac~ s l e f i n i  ;- -  l i - - i t i —

io ns on the f i  ici h t  flat h deviations allowed before  inn ;  ic -cc : - ;  able disto: ‘ i o ns

-ire - -xp , ’rienced .

As in the  film n v nt , -n - u s e  - - n - ~t -l i sL - u sse- I , a s i n i t t i - ’~~ rio t Inc- I of r iot -  l i n g

a f l e x i b l e  impr e- : rein-I nt n - ni s~~t~ci  i i  d isplay  - - oa l - i  I i ‘ -  i s  n - t  a Pp ar en t

30
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1.I 1  T t r n Summar1

T h i n  syst-em w i l l  a l low ev a l u a t i on  of all  six t a s k - o r i e n t e d  experiments

; - h - n ’ n f i e d  in Section 2.2.1. Trades are possible w i t h  com e’-;- to r i ot - i c -n simu-

h t m l; n n - Lementatj on and remote screen versus at t ach o l infinity d is ni a-- tech-

niques -

The image generation data base is considered a high r i sk  area . Present

systems will not nrovide sufficient data for ~OF simulatmon . Future identified

systems are being styled to other simulation tasks . Development of an NOE

i i a t - u 1--u se a n i  image genera t ion  processor could exceed the t ime (and cost)

al lowable t or acquisi t ion  of the VFRF experimental  capabi li ty .

31
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1 . 0 :“ ‘-- r ~ ~ ‘; I  FPT FV1-1tA TION AND SFLF ’-t -

c- vste m - a n i l i l a t e m  - r - v i o u s l v  ics -c- r ibe-h were evalnrru t - w i t h  resne to

$ he fo l  t owi r~~ f- ; nr r m ai i cr i t e r i a:

i-x : ’rl ment u l  -: i n a h i li t

Irni l ement -ition complexity

- r n r l e m e nt a t i on  r i sk

. Im r lem en t a t i o n  cost

1 Ex~ er t n e n t a i C o p ab i l ity

The :i n e  f i l m  and t r ansP arency  system candidates  both e f f e c t i v e l y  s a t i s fy

- n u l y  - n c  af the six m a in r  t ask  oriented experiments defined in Section 2.2.1;

n u n 5 l y,  c op i l o t/n av iga t o r  t e r r a i n  observat ion  and large f e a t u r e  r ecoon it i on  ‘-‘c-r

‘lieI - t :-t th mm ii ir i n q /n a v iq at i o n  (p lus  the WSO—re ]a te d  tank o~ target -Ietection) -

~ i ; c o nt r a s t  to tI. t o , tt ;;- t e r r a in  model and CGI system cond i -1 it~~~;; i~-net-a lly

sat  s~~v a l l  six exner imen tal  ob jec t ives .

Al ’- I - -ucil; the :ine film and t ransparency  system - : e n ; c-en t s  conrunc -t-;ch more

F n v - t r a l - l y  on the latter three evaluation criteria , their inability to sat~ sfv

‘-he r i i - r  rtrtion of the identified experimental objectives i~ consi-lorc i

sufticient reason to eliminate them frc- -- further consideration. Th~~r - f l - r e , on ly

the two re-tu ning system -on:epts w i l l  be discussed r e l a t ive  to the a d l i t i o na l

evi l-n ation - riteria.

- 1 .2  I r n n 1 e r n e r t a t i n C o m p t c x i~~~

f lF  the  two ret” u i n i  no - - i n n  h i d a f e  sys t em s , the t e r r a i n  mode l  ai r t r o a c l i , w h i l e

f a r  ~ r ;m  m i n i  1 e i n  err ;;  of a c t u a l  1; ir 1;~-ar e  imp lement - it  i t i i , s t i l l is - r o i , -r c

less - l”x  than t I - ‘ ~~~~~ 
; st e r i .  The s io ni f i c a n t  increases in comput a ’ no r ~I m l

32
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memory requirements for multi-line image generation consistent with NOE

simulation needs are particularly undesirable CGI features.

4.3 ~~~~ementation_Risk

Essentially all general aspects of the terrain model system have beer.

implemented by contractors and government labs in part or whole at this stage

of visual flight simulator system development . That is , the system concc~ot is

within the current state of the art. Since CGI systems havi.ng 5000 line (edge)

generation capability* are still in the developmental stage , the terrain model

aoproach is considered to have a lower risk factor.

1.4 System Cost

Overall development costs - and , in particular, the software costs - for

a truly flexible CGI system with a 5000 edge generation capability , make the

terrain mode l system the more attractive candidate.

* The required line generation capability for effective NOE simulation was not

established in this study . However , it is apparent that terrain features at

short ranges and low altitudes present in NOE flights are complex in the real-

world case. The level of simplification that can be accented without jeopard-

izinq the validity of the NOE research tasks has not been established at this

time .

33



5.fl SYSTEM CONCEPT SELECTION

The terrain model system is the recommended system concept for the VEEF.

It will meet all research test objectives , its basic implementation is within

the current state of the art, and it is competitive in the cost and risk areas

compared with other system concepts. The final VFRF system implementa’~ion may

vary considerably from the evaluation baselines used in this document without

affecting the selection of the terrain model system concept as the most cost

effective approach.

I
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VISUAL DISPLAY SYSTEM ANALYSES AND TRADEOFFS

1.0 SCOPE

This Technical Supplement presents principal Windscreen and

E-O Sensor Visual Display System analyses and tradeoffs performed

in support of the total VFR F concept definition study . L
2.0 INTRODU CTION

The foregoing Technical Supplement , “System Configur ation

Trade Stud y” ,discusses the preli minary overall VFRF requirements ,

identifies candidate system concepts , and provides the rat ionale

by which the general terrain model system approach was selected

as the most cost effective concept for the VFRF . These prelim-

inary requirements also served as the starting point for the

visual display subsystem analyses and trade studies specific to

the terrain model system approach to NOE visual flight simulation.

Key visual display system functions and characteristics

summarized below are derived from the above source.

o Provide a windscreen display which is, to the maximum

extent feasible , “perce ptually equivalent ” to the real world

dynamic imagery directly viewed by helecopter orei.aembers

in the NOE flight regimet

o Provide E-O sensor aids (or simulations thereof) to achieve

enhancement of direct visual perception and target acqui-

sition especially under (simulated) low ill~~instton and/or

poor visibility conditions.

Initial study emphasis was placed on defining subsystem char-

acteristics and synthesizing system concepts in an effort to

3
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satisf y the above needs both for daytime and nighttime NOE operat-

ions. From the standpoint of the windscreen display system design,

effectively this would require achieving system resolution perform-

ance which is primarily eye limited rather than display system

limited over the entire day/night brightness range. Satisfying

the above technical object ive was further compounded by the de-

fined need to provide a wide F(W ( 120 degrees desired) windscreen

display to the helicopter crewmember(s) and also to achieve broad

operat ional flexibility in terms of simulated NOE flight maneuver-

ing freedom. This latter need was a major factor in selecting

the terrain model/optical probe/TV camera configuration as the

basic windscreen visual display system approach , since it can

provide nonprogranmed freedom of simulated flight in all six degrees

of freedom. Additional ly, a side-by-side cockpit arrangement was

defined as the baseline configuration for the VFRF. Also of major

importance was the need to incorporate adequate flexibility in

the basic des ign to provide for future growth in selected areas.

Concurrent with these initially specified performance features,

certain constraints also were imposed by the study contract state-

ment of work, based on practical matters of development time,

development risks -and associated costs- which could be accepted

in the acquisition of the basic operating research facility. A

major constraint in this respect was that at least one basic VFRF
and defined

system concept selectedAfor procurement would consist of subsystems

all of which are within the state-of-the-art. Given the additional

constraint of short development t ime (~ two years desired), the

practical consequence of this was to place major emphasis in the

visual display system studies on current state-of-the-art develop-

monte in these related technology areas. Thus, primary consider- 
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ation was given to techniques/designs which have been reduced to

practice --if not in operating simulators , at least in demonstrat-

able laboratory hardware form . This study approach maximized the

probability of successfully synthesizing and defining the VFRF

visual display system concepts best meeting highest priority

visual flight research needs identified by ARI, with the potential

for subsequent growth i4~ther specialized areas of visual flight

research.

3.0 REQUIREMENTS DEFINITION SUMMARY

The Requirements Analysis/Definition task discussed in the

main body of this report provided an expanded set of flight crew

functions, flight characteristics and related visual effects,

and general VFRF system requirements. They are specific to NOE

simulation bot still general in terms of visual display system

configuration and implementation. For this reason, they supple-

ment the above-identified objectives (and constraints), and are

summarized below since they directly influenced the course of

the visual display system analyses and trade studies.

Flight crew (test subject) functions to be simulated

includes

Basic pilot NOE flight operations, including terrain and

and obstacle av3idance, hover, and special flight, includ-

ing pop-up maneuvers ;

. Copilot/navigata/WSO functions , including terrain surveil-

lance and navigation, target search, acquisition (at near

F recognition thresholds) --with and without special E-O

sensor aids-- plus sensor-aid LOS alignment; and,

. Crew-coordinated and directed NOE flight and various related

communications functions.
— 
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Flight characteristics particularly applicable to simulation

include s

• NOE flight altitudes typically at and below tree-top level;

however, extending up to 2 ,000 feet for other mis8ion phases;

• Flight velocities ranging from zero (hover) to approximately

200 knots (maximum daylight conditions, with advanced

helicopter designs);

• Frequent aximuth heading changes and unlimited freedom in

azimuth;

Frequent angular accelerations of short duration in roll

and pitch;

Nominal maximum attitude change of ±450 in roll and ±25°

in pitch ;

• NOE flight path length typically of 25 kin ;

• NOE flight duration typically of 20 to 40 minutes ;

Related visual effects associated with the above NOE missions

are characterized bys

• Relat ively short viewing ranges ;

Large (nominal 1200 wide ) visual field of view of ’~ind-

screer? display simultaneously required by both operators

for most coordinated missions;

• Dependence upon a wide variety of scene cues for maneuver-

ability;

• Intense visual concentration;

• High angular velocities of the viewed scene (especially

on nearby peripheral objects);

• Frequent nortcorrespondance between the visual line-of-

sight and the flight vector;

Significantly reduced visual frame of reference with lower

a
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illumination levels ;

• Criticalness of depth and distance jud gement ;

• Limited reaction t ime .

Additional VFRF general requirements impacting the visual

display system designs include the followings

• The displayed wthlscreen scene will be responsive to , and

coord inated with , the pilot ’s control movements in 6 DOF ;

• The simulated flight compartment portion of the system will

furnish acceleration cues to the pilot that are responsive

to , and coordinated with , pilot control movements. Further ,

the visual display system image dynamics must be properly

coordinated with these effects ;

The special E-0 sensor display image source ( generating

the s imulated LLL-W or FLIR imagery) will be provided

with an additional 2 DOF beyond the helicopter ’s 6 DOF to

simulate attachment to the exterior of the helicopter body.

These additional degrees of freedom will be in azimuth and

elevation both for surveillance and for stabilized LOS

tracking functions ;

Pilot and coptlot/navigator/WSO studies will be conductable

independently or in coordination;

• Typical crew coordinated MOE missions will extend for a

20 to 40 minute time period , with a desired total time of

simulated f l ight  of 90 minutes. A nominal one hour of this

t ime preceding the NOE phase may consist of precision nsaneuv-

ers at higher altitudes , under IFR conditions in simulated

clouds or other adverse weather.

~~
—____ 
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4 • 0 MAJOR TRADEOFF AREAS

Several of the previously identified requirements/design

objectives were of particular importance in the evaluation of

the terrain model type visual display system candidate config-

urations and in the f inal  NOE simulation system concept selection

process. They are summarized below because of their special

significances

(1) Wide FOV windscreen display for two crewmembers , provid-

ing image fidel i ty  “perceptually equivalent ” to real world

dynamic imagery directly viewed through a helicopter

windscreen;

(2) Simulated E-O sensor functions ( LLL-TV or FLIR) accurately

coord inated with the windscreen display system , but inde-

pendently steerable ari d capable of enhanced target acqui-

sition performance compared to unaided direct vision ;

(3) Simulated visual flight at and below tree-top level ,

characteristic of NOE conditions.

4.1 Day/Night vs Night -Only Windscreen Display System Considerations~~
With the primary objective of satisfying requ irement (1) above

for both day and night simulation , a survey was made of state-of-

the-art wide angle visual display systems to compare their operat-

ing characteristics and quoted perform ance with the principal

requirements/characteristics derived for the VFRF visual display

system, with daylight simulation being the controlling case. Items

of particular import an ce~ and their desired characteristics1 ares

Total FOV 120° horizontal

~35° vertical

• Resolution 2 arc mm /TV line pair (to approach direct
visual resolution)

-~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~- -
~~ ---~~~~~~~--~~~~~~~ -* ~~~~~~~~~~~~~~~~~~~~~
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• Brightness � 50 foot lamberts (FL )

• Color Full color capability for daylight operation

Driskell1provides a good summary of current and near-term

capabilities in wide angle visual display system technology applic-

able to training devices, based on a survey of seven wide angle

systems of the unprograimued type (thus excluding motion picture

film techniques). From a review of the characteristic data pre-

sented in this reference, it is evident that none of the systems

even approach the requirements given above in the combined areas

of resolution and display brightness. The combination of high

brightness, wide FOV , and high resolution represents a particu-

larly difficult requirement. For example, of the above seven

systems, the one providing the highest luminance -8 foot lainberts-

(consisting of a matrix of 6 color monitors with associated

mirror/be am splitter virtual image optics) achieves a resolution

of 11 arc minutes per optical line pair across a total FOV of

108° horizontal and 48° vertical. Cooksey and Tong2also give a

relatively detailed description of this, or an equivalent system,

identified as the Singer F4E-18 type. The highest resolution

device described in Reference 1 provides 4 to 15 arc minutes

per optical line pair. This is a point light source system with

a gimbal-mounted planar transparency, and it achieves an output

* ‘Driskell, C. “Capabilities of Wide An~le Visual Technology”
Technical Report NAVTRAEQUIPCEN IH-237 , Dec. 1974

2Cooksey,J. and Tong, H. “A Compound Wide Angle Color Visual
• Display System and a High Resolution High Sensitivity Closed Cir-

cuit Color Television Camera Developed for Wide Angle Color Visual
Systems” AIAA Paper No. 73-925 , AIAA Visual and Motion Simulation
Conference, Sept.1O-12 , 1973 

* 

- ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ - ~**_ ~
___

~
_ ~~~~~~~~~~~ 5



~-*~~~~~~~~~~~~~~~~~~~~~ ——— • -- .~~~~~ ~~~~~~~~~~
__

~~~~~~~~ *~~ *-
- r~—~

$ a
/

ltsatnance of I to 5 foot lamberts with a total FOV of 2000 hori-

zontal and 600 vertical.

Hurd3defines the hardware requirements for a 1 arc minute,

high brightness, full color, wide angle visual system for possi-

ble use as a general aviation flight simulator in the FAA ’s Air-

borne Proximity Warning Indicator program. The system as proposed

• requires a mosaic of 27 display elements to produce a 450 x 1800

image focussed at infinity. Each display element consists of an

Etdophor simultaneous color TV projector (modified to operate at

a line rate of 36 KHz --compared to the standard 15.7 KHz-- and

a video bandwidth of 50 MHz -—compared to the normal 15 MHz) and

• associated “ infinity ” type optical systems. The displays are

fed by high resolution color cameras operating at approximately

1200 lines per frame, 30 frames per second, 60 fields per second,

with 2s1 interlace. The cameras have a resolution capability of

at least 800 TV lines vertically and 1200 lines horizontally.

Hurd indicates that the design is feasible from an engineering

sense, but it is large and expensive. In rough terms, the cock-

pit visual display system would occupy a volume of approximately

j 44 feet wide by 22 feet deep by 15 feet high, and the display

components alone would weigh in the order of 50,000 pounds. The

estimated cost for the display and image generation system, not 
S

including non-visual aspects such as the cockpit, motion system,

computer complex etc. is in excess of $16 million. Although the

3Hurd, W. “Airborne-Proximity-Warning Indicator Visual Display
for Preliminary Design Simulation” Mitre Technical Report
MTR-6588, February 6, 1974

• 
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requirements of this sy8tem are somewhat in excess of that indicated

for the VFRF daylight visual simulator, they do give a reasonable

indication of the magnitude of the problem if limited to current

state-of-the-art (or slightly beyond SOA) hardware techniques and

performance.

Based on the comprehensive surveys referenced above, reviews

of available technical literature from major suppliers of visual

simulation equipment, and direct discussions with representatives

of a number of these suppliers, it was concluded that attainment

of t1~ stated levels of performance for daylight, full color cap-

ability presently is beyond the state-of-the-art in terms of a

• practical hardware design and a reasonable development cost. Day-

light, full color capability is identified as a growth item in

the VFRF System Specification however, since this capability

would significantly expand the range of research tasks available.

Accordingly , the basic VFRF windscreen visual display system

is defined as a night-only simulator. This substantially decreases

the system demands for “perceptually equivalent” displayed perform-

ance at these lower brightness levels, and thereby reduced the

difficulty of selecting and defining a feasible total system con-

cept within the constraints imposed by the statement of work.

Ozkaptan4discussea the implications of night-only simulation

from the standpoint of NOE visual flight research effectiveness

and concludes that there is substantial justification for this

level of experimental capability. This is due in large measure

to the high priorities presently placed on night -MOE flight research

4Ozkaptan , H. “ Behavioral and Functional Requirements for a Visual
Flight Research Facility” Army Research Institute for the Behav-
ioral and Social Sciences, Arlington, Va., July 1975
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directed toward improving both flight crew safety and miss ion

effectiveness.

4.2 Night-Only Windscreen DiaDlay System Tradeoffs

4.2.1 Image Generation --Monochrome vs Color

* With the decision made that an acceptable daylight visual

simulator presently cannot be obtained, it was then necessary to

perform a tradeoff between nighttime monochrome system and night-

time color system approaches. Other factors being equal, the clear

choice would be in favor of color, since as discussed by Ozkaptan

(in Reference 4),  at the higher range of night scene liminance

levels (e.g., io 2 FL) pilots have reported color perception (of

nonluininous objects) including green and brown hues . Therefore,
* 

the lack of color will detract from the realism of the visual

display at the higher brightness levels, and especially near dusk

(in the 10
_i 

FL region). However, other factors considered in

this study were determined of sufficient practical importance to

swing the choice to the monochrome display approach for the basic

system. Principal among these ares system complexity, operating

stability, reliability, maintainability for a given level of res-

olution performance, size, weight, and cost. State-of-the-art

simultaneous color camera systems used with high resolution type S

shadow-mask color monitors (26 inch diagonal type) can achieve

resolutions approaching those available from high quality mono-

chrome systems (in the 800 to 1200 IVL range). However, in the

case of the color system, this level of performance, especially

for the wide-FOV display configuration, is achieved at substant-

ially higher initial cost than the monochrome system, due to its

significantly greater complexity (including precision dtchroic

_ _ _  _ _ _ _ _ _ _ _ _ _

_ _

_ _
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optics, typically four (vs one) TV sensors per camera system,

electronic signal processing, and advanced color display). Equal-

ly or of even greater importance , the diff icul ty  of maintaining
5 

the required level of performance in a dynamic simulator environ-

ment is apprect ably greater in the case of the color system.

Use of the sequential color TV system approach offers certain

advantages over the simultaneous type(s) especially in the areas

of complexity, stability, maintainability, plus size and weight

of the camera head5. A single, high quality, high sensitivity

type sensor (generally a SIT or Image Isocon type) is sequentially

presented red, blue, and green image fields by the action of a

rotating filter wheel assembly in front of the sensor. A similar,

synchronized R,B,G filter wheel is used at the receiver terminal

to display the sequential R , B ,G image fields to the viewer. To

achieve an acceptably low display flicker condition, it is nec-

essary to operate typically at a color field rate of three times

that used in the simultaneous system ( or 3x60”180 fields per

second , providing 30 full-color frames per second with 2s1 inter-

lace). Under dynamic scene conditions, the higher field rate offers

the advantage of reduced image smear caused by sensor integration

effects , resulting in improved dynamic resolution performance.

However, at higher image rates (e.g., a peripheral near-in scene

streaming condition), color fringing occurs~ that is, there is 
S

sufficient image movement between color fields to produce discern- *

ible separation of image edges into narrow, single-colored lines.

At the typical angular rates expected in the NOE flight simulation

5The MARK XV CBS color TV camera system ts~ representative commercial
design --technical information obtained from direct discussions
with A. Kaiser , CBS, plus technical dat a sheets.

- S - i- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —-
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this would not be expected to be a serious problem s that is, the

advantage of reduced smearing due to the faster field “shuttering”

would outweigh the undesired color fringing effect. The more basic

• problems with the field sequential system ares ( 1) the high video
bandwidths required at the camera and at the display (typically

three t imes greater than the luminance channel in a simultaneous

color system having an equal number of scan lines per frame) which

restrict the maximum achievable video S/N (approximately 32 dB

obtained with the CBS MARK XV system , with a static resolution

of approximately 400 lines vertical and 485 lines horizontal),

and (2) the limited selection of field sequential display sources

available for use with the system. At present, only the rotating

drum monitor - -useful only for direct viewing due to the small

CRT size used-- and field sequential type projection CRT units

(employing filter wheel assembly) are recommended display sources.

Gretag presently is not offering a field sequential version of

their Eidophor light valve projector, having removed the Model

* EP8-SQ from their commercial product line. However, a replacement

unit is reported by their U.S. distributor, CONRAC, to be under

development and is expected to be available in the 1976 time frame.

Advanced design work on higher resolution field sequential camera

and display hardware also is being performed by Grumman, L.I . 6

They currently have an 800 line system, and anticipate upgrading

this to 900 to 1000 lines in the near future. Concurrently they

are developing compatible high resolution field sequential pro-
* 

jection CRT devices. As of this report date, however, no data

L 6Based on telecon discussions with Al Cosentino, Grtmunan , L.I.
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is available on the expected operating life (MTBF ) of this advanced

projection source. This could be a critical performance factor

in a system employing a high resolution field sequential system,

based on reported field experience7on existing lower resolution,

high brightness projection CRT systems. Operating life on these

CRTs has been a problem area (with a maximum of 300 to 400 hours

but with some as short as 8 hours). However, if limited to a low

brightness, nighttime visual display application, this potential

problem area may well disappear.

From the standpoint of growth to a full-color, daylight visual

system providing displayed image fidelity “perceptually equivalent”

to real-world daylight conditions, neither the state-of-the-art

monochrome nor the state-of-the-art color systems (simultaneous

or field sequential) appear to offer a clear advantage in terms

of simplest modification of existing components p i.e., use of the

‘building block” approach.

4 • 2 • 2 Wjn4~~reen l~y Stjbsystem Tradeoffs and lipact
on VFRF System Configuration

The requirement f o r  “perceptual equivalent” wide FOV wind-

screen imagery directly affects the selection of display types *

best suited to the VFRF application . The choice between fixed

projection screens (or displays) remote from the operator flight

compartment and attached screens or display devices was made

early in the study , in favor of the attached type devices. A

principal reason for this was the desire to minimize the interface

problems which would result if a mot ion base (growth option) were

7Based on telecon discussions with Frank Vinz and Maurice Knighton ,
NASA, Huntsville.

-5
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added at a later date. With a fixed display, complex coordinate

transformations would be required in the computer system in order

to minimize image distortions and undesired interactions between

the physical displacements of the operator’s LOS (angular and

translational) and image motion on the fixed display. Also , the

physical size of the remote screen becomes quite lar ge f o r  a wide

FOV windscreen display when located at a sufficient distance to

minimize parallax errors and produce the perceptual sensation of

“distant viewing” .

Two general classes of attached display devices were consider-

ed in this study - -the direct projection screen type and the colli-

mated (“infinity”)  display type. Although the attached screen

approach has been used successfully in visual training equipment

simulator designs, a continuing controversy exists as to the effect-

iveness of this approach in simu i.ating a distant viewing condition

with a desired close physical separat ion of screen and observer.

Estimates on required separations range from 10 feet to as much

as 100 feet. Even a 10 to 20 foot distance could result in physical

problems of screen clearances and of light shielding for nighttime

simulat ion , especially if used with a motion base. From the physical

standpoint, the infinity display configurations generally lend

themselves more reidily to effective light shielding. They also

offer increased realism and improved utility due to the following 
*

characteristics8 $

o Generation of correct parallactic angles between objects

located at various distances from the observer eye position

(in this case, actually the optical probe entrance pupil

position). Thus , correct scene perspective is provided to

8Derived primarily from the reference -- LaRussa, J. “A New Inf inity
Image System” Presented at the Second NTDC/Industry Conference,
28-30 November 1967 *

- 
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the viewer (pilot or copilot).

o Elimination of parallax errors due to the viewer’s head

movement i

o Compatability with conventional head-up display (HUD) devic-

es (as planned for future integration in the VFRF flight

compartment) which project symbology to infinity. Thus,

the viewer’s head motion does not produce relative motion

between the HUD symbology and the background imagery on

the windscreen display. Similar compatabtitty exists with

the helmet -mounted sight , used by the test subject in the

VFRF Primary Operator Compartment to remotely control the

pointing of the simulated E-O sensor.

o Generation of proper mot ion parallax between the cockpit

structure and display windscreen imagery , with viewer head

movement --providing added realism to the visual display.

With emphasis on real-world “perceptual equivalence” , and

based on the above factors, it was concluded that the attached

inf in i ty  type device is the better choice for the range of research

stud ies planned for the VFRF.

4.2.2.1 infinity Display Type Select ion

As subsequently discussed in the windscreen display system

resolution calculat ions section , the state-of-the-art in video

projector resolution performance ( CRT and light valve types) requires

a mosaic of inf ini ty displays to provide the wide FOV coverage

with resolutions needed for effective nighttime simulation. In 

-- ~~~~~~~~~~~~~~~ - - - 
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their recent report , Irish and Orszulak 9include a good summary

of monochrome video display device performance capabilities, and

the reader is referred to this document for detailed information

in this area. This same reference provides an equally good treat-

ment of infinity type optical display techniques potentially ap-

plicable to the VFRF type windscreen visual display requirements.

In addition to the above source , other part icularly useful referenc-

es in this area include s J. La Russa (Reference 8) and Heintzman ,

Basinger, and Doty~° cons tdered
Candidate infinity display conuigurat ions,~,for the VFRF system

include refract ive and reflective designs . Both pupil forming and

non pupil forming types are potentially available p however , the

need for a relatively large exit pupil ( approximately one foot

diameter centered about the viewer’s nOminal eye position being

desired ) for reasonable cre4reedom of movement in helicopter flight

simulation results in a strong preference for the non pupil form-

ing type system for this applicat ion . Cand idate refract ive display

techniques includ~ the single lens, the multi-element lens, and

the Fresnel lens . These types often are made of plastic primarily

for weight reduction purposes. Candidate reflective display tech-

niques includes single spherical mirror and beamsplitter configurat-

ions , the off-axis Duoview system (Redifon design), and the in-line

Pan cake Window (Far rand design) .

As previously noted, a matrix (mosaic) configuration is re-

quired to achieve the needed display resolution/wide FOV coverage

9lrish, K. and Orszulak , J. “Visual Simulation Video Processing
Techniques ” Air Force Human Resources Lab. Report AFHRL-TR -74-76
Dec. 1974.

‘°Hethtzman , R. ,  Bastnger , J., and Doty, A. “Optical Mosaics for
Large Field Visual Simulation Display Systems” AI AA Pa per
No. 73-926 AIAA Visual and Motion Simulation Conf., Sept 1973
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characteristic. A review of all available references , plus dis-

cussions with various industry sources , failed to ident i fy  a

mosaic type refractive design --with the necessary wide FOV (total

horizontal FOV of 125° desired)-- which has been reduced to prac-

tice. Although some vendor interest was evidencedPno experimental

results or design data were available to indicate the degree of

design complexity and resulting levels of collimation errors and

chromatic aberrations which would exist in a wide-angle matrix

t ype refractive system.

In contrast to this , reflect ive infinity displays have been

constructed in matrix configurations and presently are in use in

advanced visual flight simulators. Heintzman, Basinger, and Doty

(Reference 10) discuss the application of segmented polarized

optics (Pancake Windows ) both for the SAAC and the ASUPT visual

display systems , plus a segmented reflective optics system (color

monitor/single mirror/beamaplitter type) for the F4 Area of Interest

Visual Display System. This reference indicates that acceptable

levels of performance had been obtained with each configuration

for their intended applications, and additional refinements were

in process for the F4 system. Thus , favorable practical experience

has been gained with the above type reflective systems. In add-

ition, there has been a related successful development ( for NASA

Huntsville) by Farrand12using a “classical” infinity display system

employing a mtrror/beamsplitter configuration with a diffusing

screen input (fed by two side-by-side field sequential projection

CRT sources, producing overlapped images with minimum seam junction

~~Telecon discussion with Diffraction Optics, Palo Alto, Calif.
12Direct discussions with J. La Russa, Farrand and telecon discuss-

ions with M. Knighton and F. Vinz, NASA, Huntsville.
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vi sibility) . This system , basically designed for side-by-side

operator viewing, provides a total horizontal FOV of 950 and a

vertical FOV of approximately 35? As presently configured, the

horizontal FOV (and associated optics) is offset to accommodate

a second , similar system for the second operator. This design

provides a common central FOV of 540 and separate left and right

views of approximately 410 for the corresponding operator positions.

Based on the demonstrated performance of the reflective type

systems, the decision was made to specify this general approach

f or the VFRF windscreen display. It has the potential of meet-

ing system requirements at lower risk than any known refractive

display technique.

Of the reflective types , the Pancake display matrix is

definitely most attractive from an overall packaging standpoint ,

and for a nighttime display, its low transmission (about 1%) still

would permit use of standard brightness TV monitor inputs. The

principal known problem with the device is one of ghost images

( internal reflections) which are present in the units constructed

to date. Under bright background conditions, in training situat-

ions, this effect apparently has not created serious problems.

However, for nighttime NOE visual research, a not uncommon sit-
uation would be one in which bright light sources will be viewed

against a dark background. Under these conditions the ghosting

would be expected to have definite detrimental effects. Farrand

(3. La Russa) concurs that the present Pancake window design could

produce this type of effect; however, he indicates that the ghost-

ing could be significantly reduced by redesigning the device to

tilt the birefringent plate internal to the unit. However, lack-

ingeper iment al data on the degree of improvement wh ich could
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result from this modification , we concluded that the selection

of a redesigned Pancake display constituted a higher risk than

did the mirror/beamsplitter approach .

The feasibility of using the Redifon Duoview display in a

matrix configuration to provide the needed wide FOV could not be

established . Based on a teleprione discussion with their U.S. rep-

resentatives (in the Fall of 1974) it appeared that this had not

been accomplished to date. Accordingly, we were unable to rate

this approach as an acceptable low risk for use in the VFRF basic

design .

Of the reflective display approaches potentially available,

the spherical mirror/beamsplitter, with monochrome TV display

input - -arranged in a horizontal matrix of three units to effect-

ively form a symmetrical arc in front of the viewer- - was selected

as the lowest risk approach meeting the “infinity” display view-

trig requirements for a single operator.

4.2 .2 .2  Basis for Separation of Crewmember Compartments

The selected display configuration , being a compromise choice ,

naturally is not without some drawbacks , and its overal l size is *

one of the principal ones . Lacking detailed design information ,

only a rather coarse estimate was possible during this study pro-

gram of the overall width of this three-unit display matrix. The - I
width dimension is significant because it determines the minimum

spacing between operators seated side-by-side , each (necessarily)

viewing his individual matrix display. The width of one complete

subsystem is estimated to be 10 feet ( including suitable enclosures

for the beamsplitter elements). Therefore, to locate two crew-

members side-by-side with similar matrix display subsystems, the

-- ~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -- --
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crewmembers would be spaced 10 feet apart, and the minimum width

of the simulated f l ight  compartment containing thses subsystems

would be in excess of 20 feet. A compartment of this size, for

use in a flexible research facil i ty,  was jud ged to be definitely

undesirable . Particularly if the motion base capability were added

later, significant operational problems would be expected. This 
*

is due partly to the crewmembers being well offset from the cent-

er(s) of rotation of the base, and partly to the large physical

size of the research compartment. In short, considerable system

complexity could result, and considerable research flexibility

would be lost with such an arrangement.

After a review of alternatives, ARI and Martin Marietta

mutually agreed that separation of the operator compartments was

the preferred solution to the above problems. There was initial

* 
concern that physically separat ing the crewmembers ( including no

visual contact ) might significantly interfere with their team

performance in simulated NOE missions. Experienced NOE flight

crews were queried in this regard, and the definite consensus of

opinions , based on acual operational experience, was that the

loss of visual contact between crewmembers is not a critical

item. However , two factors identified as very important Ln co-

ordinated NOE flight ares (1) good verbal communication (via inter-

com ) between crewmembers , and (2) wide-angle views of windscreen

imagery simultaneously available to both crewmembers .

The recommended (and specified) basic VFRF system config-

uration includes separate research modules for the flight crew

test subjects, identified as the Primary Operator Compartment and

the Secondary Operator Compartment. The Primary operator station ,

planned as the area providing the higher leve~ of psychophysical
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validity (and instrumented for extensive biophysical and system

performance measurements), incorporates the selected collimated ,

virtual image , reflective type matrix windscreen display. The

Secondary operator station in the basic VFRF system design is

equipped with a horizontal array of three direct-view type IV

monitors ’~which present the same terrain model-generated windscreen

imagery to the second test subject , with approximately the same

FOVs available with the above infinity display. As discussed in

the main report text, either test subject --pilot or copilot--

can occupy the Primary Operator Compartment, depending upon the

nature and objectives of the research task being conducted. For

a part icular test series , the crewmember requiring maximum “ per-

ceptual equivalence” to the real-world dynamic scene in his wind-

screen display will be located in the Primary compartment . The

VFRF System Specification identifies as a growth area the modif-

ication of the Secondary compartment to incorporate an infinity

windscreen display subsystem similar to that used in the Primary

compartment. This change will provide greater research flexi-

bility plus some increase in the range of tests available to the

Experimenter.

4.3 Optical Probes -- System Design Implications

Two primary system functions are performed by optical pick -

up devices at the terrain model (input) end of the generalized

VFR F visual display system. They ares

o Pickup of wide FOV terrain model image information and

transfer in the desired format to the TV camera subsystem

which drives the windscreen displays. The entrance aperture

of the probe effectively corresponds to the pilot’s eye

point, and to properly simulate nonprogrammed NOE flight

* and correspondingly simpler cockpit flight controls and instrumentation.~.5 
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in 6 DOF, it musts (1) be responsive to computer-generated

LOS angular commands in 3 DOF, and (2) operate in conjunct-

ion with the 3 DOF servo-controlled gantry/transport sub-

system.

o Pickup of higher resolution, variable, “narrow” FOV terrain

model image information and transfer in the desired format

to the TV camera subsystem which drives the special E-O

Sensor (visual aid) displays . The entrance aperture of the

probe effectively corresponds to the location of the scann-

j ing head of the simulated E-O sensor ( LLL-TV or FLIR) carried

on the helicopter. In its “ caged ” position , its LOS will

be fixed relative to the windscreen display, requiring the

6 DOF capability of the windscreen probe. In the “uncaged”

mode, the probe will respond to pitch and yaw commands in-

dependent of the windscreen probe LOS , to provide target

search, acquisition/recognition, and tracking functions.

The following subsections provide the rationale for certain

key decisions made in connection with the optical probe design and

perform ance requirements , and also include information on the im-

pact of these decisions on other VFRF system elements.

4.3.1 Inte&r~t~~j~~ be vs Separate ~~robe~
In keeping with the defined study approach of employing the

latest ( but within)  state-of-the-art techniques , where feasible ,

to satisfy system requirements , initial emphasis was placed on

adapting a current , proven probe design to accomplish the above -

listed functions. From the wide FOV (x1 20°) windscreen probe
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standpoint, the only existing identified designs which approach

the minimum requirements for NOE visual simulation are the

Scheimpflug Til~ Focus correcting probes developed by Farrand

Optical Company l.3P l4~&~~ Direct discussions were held with Farrand ,

principally with J. La Russa , to review the capabilities and

application of the basic wide FOV probe for NOE windscreen image

generation, and to discuss the general feasibility of incorporat-
ing the second E-O Sensor probe function into this existing design .

Given the need for higher optical resolution from this second

probe - -in order to provide enhanced E-O sensor performance rela-

t ive to direct-viewed windscreen display performance-- it was

agreed that a second , optically separate unit with a larger aper-

ture would be required. The principal modification considered

was the “piggy-back” probe approach, in which the E-O sensor probe

assembly would be attached to the windscreen probe to achieve X ,

Y , and Z translational motions ( provided by the gantry/transport

subsystem) identical to those of the windscreen probe. Angular

drives would be independent, but capable of being slaved, as in-

dicated by the second defined system function.

A review was made of the principal functional and physical

areas in the existing wide FOV probe design which could be impact-

ed by this type of modification. It was concluded that a major

~
3Nagler , A. “140° Close Approach Optical Probe for Visual Sim-
ulation” Presented at the 5th. NTDC/Industry Conference, 1972

14Opti~a~l $cannlng Probes (Sche~jnpflug~ Tvoe), Farrand OpticalCompany Technical Brochure M.132-A

‘5Nagler, A. and Mazurkewitz, A. “W ide Angle, Infinite Depth of
Field Optical Pickup for Visual Simulation” Technical Report
AFHRL-TR-71-41 November 1971
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redesign effort would be required to achieve an “effective” inte-

grated probe design. Even so, the level of effectiveness would

be in question since the heading mirror or prism elements of the

two probes would be vertically displaced (to prevent mutual inter-

ference between the FOVs). This vertically displaced element

design would place undesired restrictions on the minimum simulated

NOE altitudes attainable and/or further complicate an already

serious problem of probe crash protection.

Based in part on the above factors, and partly on specific

E-O sensor visual display system considerations ( subsequently

reviewed), the decision was made to specify separate optical probes,

and associated image generation subsystem elements, to accomplish

the above-defined primary functions . This decision was not made

lightly since we were aware that the design and development of
separate but accurately coordinated visual systems ( including

A not only the probes but the terrain models, gantry/transports,

and TV camera subsystems) is a challenging engineering problem.

However, of the options available, this approach offers the great-

est operating flexibility, and the overall development task is

considered within the state-of-the-art, based on satisfying the

derived design and performance requirements summarized in Section 5.

4.3.2 Windscreen Probe -- System Re1~te&Characteristics

As previously discussed, the Farrand wide angle tilt-focus

probe designs were considered primary candidates for windscreen

image pickup due to the general applicability of their performance

characteristics and to their state of development. In addition

to probe-specific characteristics which were evaluated for applic-

ability to the VFRF system specification, there also was the quest-

ion of how the probe performance interacted with other subsystem

L~~ 
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elements. Two examples of this are discussed below. The first

concerns the criticalness of Scheintpf lug correction in the expect-

ed NOE flight regime; basically, what degree of computer-generated

control is required to provide acceptable corrections. The second

example concerns the terrain model and the determination of the

effect of scale factor on probe performance when operating at

desired NOE altitudes (physical heights) off the model surface.

4.3.2 • I Probe Schetmpflug Correction Considerations

It should be pointed out at this time , that to say the probe

design has been developed , does not mean that it covers all sit-

uations. “Tuning” of the basic design may be necessary to match

the NOE situation for maximum performance.

The probe as developed covers a 1400 circular field-of-view,

and is equipped with a two-stage Isi tilting relay system employ-

ing the Schetmpflug principle in order to attain an infinite depth-

of-field. On-axis resolution of the probe is essentially diffract-

ion limited and requires a television system of extremely high

resolution to be opto-mechanically mated for peak performance as

a system.

a. Requirements Discussion

(1) General - From the point of view of geometric optics, the

ideal optical probe would be a copy of the hi man eye scaled to

match the scale of the terrain model at which it is looking. Mag-

nifications, distortions, and the elements of focus would all be

correct reproductions of the real world. -

Geometry, however, is only one consideration of probe ut~li-

zation ; illumination , physical and physiological optical consider-

ations , and also the ability to design and manufacture the probe

impose some very severe and practical restraints. System engineer-

- —
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ing, therefore, becomes very important. Elements of tradeoff are

many and very subtle, requiring a broad and yet in-depth under-

standing of the problems to be solved.

(2) Visual- The design of an optical instrument must include

considerations for the use of the instrument. When the human eye

is to be used as the sensor or radiation receptor, the instrument

must be designed for proper seeing.

Seeing is a learned ability and training can improve the

individual ’s seeing to the limits set by the eye, nervous system,

and processor ability of the brain. Seeing is a perceptual pro-

cess that is affected by and incorporates other sensations, emot-

ions, and association mechanisms simultaneously active with vision,

education, and past experience. Seeing varies with the condition

of the individual and the entities must be statistical probabi].-

ities of seeing rather than absolute values. Matching the two,

visual requirements and the instrument, is at best a very difficult

jub full of many areas of grey unknowns. Much of the information

regarding vision is based on static testing and ~oeRot provide

for the dynamic situation present in the NOE simulator.

(3) Schetnipfiug Correction- A mathematical analysts was

performed which confirmed that Scheimpflug correct ion has much

to offer in enhancing probe performance in general visual simu-

lation usage. However, this does not necessarily hold true at

very low altitudes such as found in NOE flight. If one could

define resolution requirements and choose a short probe e.f.l .

with a low enough model scale factor , Scheimpflug correct ion

[ might be desirable for NOE simulation . Since it was not possible

to define these factors in a perceptual manner (of much importance

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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in a visual simulator) it was decided to perform an experimental

investigation of a real probe’s performance. A photographic

study of the Farrand feasibility model probe developed for AFHR L

(Reference 15) was performed by Martin Marietta as part of this

overall VFRF study effort, and a study report submitted~
6 The

study did not arrive at a single-valued conclusion to fit all cases,

but rather presented data from which a choice of probe operation

could be arrived at for a particular application. Using the NOE

application, a matrix of study photographs of resolution targets

was established . Six subjects were asked to order the photos on

the basis of best-to poorest overall subjective quality. The

results of this ordering were quite uniform. They suggest that

the probe would perform satisfactorily with a two-position tilt

relay --zero tilt down to approximately 50 feet (at a 600 .1 scale),

then one tilt correction for the remainder of the altitude range

down to minimum altitude. Additional photo examination matrices

(available from those supplied with the above report) are necessary

to confirm and validate this conclusion. In particular, matrices 
-

using the 600s1 terrain model targets should be set up for this

purpose.

4.3.2.2 Effects of Model Scale Factor on Probe Performance

Table 1 relates the model scale factor to wide FOV probe

performance for various scaled pilot eye heights and corresponding

physical probe heights off the model. This table shows that for

pilots’ minimum eye height in the region of 16 feet (scaled),

600 ii is the largest acceptable model scale ratio to provide

16”Photographic Performance Study of a Wide Angle (140°) Optical
Probe for Visual Simulation” - Martin Marietta Aerospace ,Rough
Draft Report, July 1975
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acceptable probe resolution performance. Section 5.1.1 shows that

this scale factor is consistent with other test requirements for

the windscreen visual simulator system.

4.3.3 E~O Sensor Probe -- System Related Characteristics

No single design was identified which incorporates essentially

all of the principal functions and characteristics needed in the

pickup device for the simulated E-O Sensor Visual Display System.

An important initial consideration, therefore, was to obtain suf-

ficient confidence that the unique probe requirements determined

by overall system considerations could be satisfied by state-of-

the-art design techniques.

Summary design and performance requirements given in Section 5.2

are considered within the current state-of-the-art in probe design.

Optical resolution is a particularly important factor, since a

key function of the E-O sensor/display subsystem is to provide

enhanced low light level viewing for the test subject. The effect

of this requirement on the probe characteristics (entrance pupil

size in particular) is discussed in Section 5.2.

4 • 4 E-O Sensor Simul at ion - Approach

Section 3. defines the functional requirement to incorporate

simulated LLL-TV and FLIR type sensor image displays as aids to

the windscreen direct viewing mode. It is evident at this point

that the terrain model approach has received primary emphasis both

for the windscreen and the simulated E-O sensor visual display

techniques. This point is brought out to emphasize that this was

the only simulated E-O sensor technique given serious consideration

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



during this study. Other techniques very possibly could be con-

sidered as potential candidates, notably computer generated imagery

(o~i). The previous Technical Supplement , “System Configuration

Trade Study ’,’ concluded that the complexity, r isk , and cost factors

favor the terrain model system over the ~GI system. This was based

on a single terrain model, dual optical probe concept. However,

despite the added complications of a second image generation sub-

system, the conclusions are still considered valid. The demands

on the CGI system remain quite severe from the standpoint of edge

generation (large number of edges required to adequately simulate

complex terrain features and targets) and required coordination

with the windscreen imagery derived from the non-programmed type

terrain model system.

Restricting the simulated E-O sensor display study to terrain

model techniques, the most promising combined analytical and

experimental work which came to light was that recently performed

at Night Vision Laboratories, Fort Belvoir, Virginia, and reported

by V. Bly~
7 In the referenced report, My discusses four potential

techniques for simulation of the far infrared (and in some cases,

jointly simulating the low light level visible spectrum --applic-

able to LLL-TV) using terrain models as image sources. They ares

(1) Direct simulation using a terrain model with correct far

infrared signatures as viewed directly with a FUR system.

(2) Encoding of the emissive signatures in the visible reflec-

t ivity of the terrain and target features , viewing with a

‘7 Bly, V. “Multi-Spectral Terrain Simulation Feasibility Study-
A Preliminary Report” ECOM Report scheduled for publication
in May or June 1975
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visible probe and emulating the perform ance of a given
( or LLL-TV)

FLIRAby processing the video signal.

(3) A special case of the second approach where an already

existing “visible” model is used with only the targets

treated to accurately represent thr’ far infrared and
(or LLI ’TV’s)

approximation of a FLIR’s~performance is made by rather

simple means.

(4) Encoding in the visible spectrum , as in the second approach p

however, the video signal is used to modulate a dynamic,

two dimensional, far infrared display which would be viewed

by the actual FLIR through a collimator.

Of the above techmiques, approach (2) was determined most

applicable for the VFRF simulation needs, based primarily on the

tradeoff of achievable simulation fidelity vs acceptable develop-

ment time and risks. The description of this selected technique

was adapted to a requirements type format and incorporated in the

VFRF System Specification as the selected Simulated E-O Sensor

Visual Display System Approach. The technique is summarized belows
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4.4.2 Advant ages of Two-Terrain Model Configuration

From the fore~3ing description , it now can be seen that the

two-terrain model concept adopted for the VFRF offers several

significant advantages in terms of implementing the above simu-

lation technique. Principal among these is the freedom provided

for altering the coloration and reflectivities of the E-O model 
*

surface and targets as necessary, plus the addition of selected

active target sources, without affecting in any way the basic

windscreen terrain model characteristics. This physical separat-

ion of windscreen and E-0 sensor image sources gives the research

team considerable flexibility for adapting the E-O sensor system

to varied simulation requirements as they arise in the future.

Other advantages resulting from the two-terrain model approach

include freedom in selection of E-0 model illumination charact-

eristics and added operating flexibility available for the optical

probe/1V camera subsystems. Although not defined as an operating

mode in the basic VFRF system concept, the E-O sensor system can

be operated while the windscreen sensor system is inoperative to

simulate and evaluate an independent vehicle-borne (e.g., RPV )

sensor system ’s performance.

5.0 Selected Analyse and Rationale Related t Visual Display
System Conceptual Des ig[Is

This section includes (or references) the more important

analyses and related rat ionale used in defining the required

characteristics of major subsystems comprising the two VFRF visual

display systems. These characteristics are presented in summary

form in Section VII in the main body of this Final Technical

Report, and in detail in the System Specification --The Appendix

to this report. The reader is referred to these sources for any 

- - rn - -- - - — -
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additional desired information relating to specific subsystem .5

characteristics.

5.1 Windscreen Visual Display System --Analyses and Rationale

5.1.1 Terrain Model

a. Size and Scale Factor- Based to a large degree on oper-

ational flight test conditions employed at Ft. Rucker, Alabama,

the desired typical NOE course lengt h was established at 20 KM

(approximately 66,000 feet). To minimize physical model size,

a large scale factor ratio (e.g., l000sl) would be desired. Flow-

ever, based on the need to simulate low altitude NOE flight (~.-16

foot pilot’s eye height) with good fidelity, the windscreen

probe performance at the corresponding physical separation from

the model dictates use of a smaller scale factor. Based of the

tradeoff of probe performance at this minimum altitude condition

and terrain model physical size --as a function of scale factor--

a 600,1 scale was determined to be a reasonable compromise (see

Section 4.3.2).

For an average flight speed of 40 knots , and an average NOE

mission time of 15 minutes, the simulated flight path length is

approximately 18.5 KM. For the defined model maximum height of

24 feet and form factor of 3 to 1, the model scaled size of 4.4 KM —

by 13 KM will accommodate this, and a wide range of other mission

prof ties, by having the flight path double back or cross over

once or possibly more times if needed. Due to the varied nature

of the defined model and a minimum of prominent features (by design)

this flight pr#~cedure is considered quite feasible without running

a stpntficant risk of introducing undesired learning effects into

the tests due to test subject familiarity with specific flight

_ _ _ _ _  _ _ _ _ _ _ _ _  
- -- - —~~~~~~~~~~~~~
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paths and/or terrain features.

b. Coloring- Realistic, real-world coloration is specified

on the basis thats (1) model makers’ experience is primarily re-

lated to techniques to achieve proper color rendition ; therefore,

even though a monochrome windscreen visual display is specified

for the basic system, for a given model cost, more realistic dis-

played tonal rendition would be expected from a colored model than

one restricted to shades of grey, due primarily to this experience

factor, and (2) the full-color model is compatible with any growth

version of the VFRF incorporating color display capability.

5.1.2 Terrain Model Illumination

a. Type- A specific type of illumination source is not

defined, since an optimized system design will require full knowledge

of the spectral characteristics of the model surface and of the

windscreen image pickup elements (subject to contractor selection)

to provide the proper overall system match. Thus, this will be

a contractor option. Maya and Irish18provide a good survey of

model illumination sources potentially suitable for this type

of application.

b. Illiminat ion Level- See Section 5.1.4 for representative

image generation system sensitivity calculations.

5.1.3 Optical Probe

The defined requirements summarized in Section VII of this

Technical Report and in the System Specification are for the most

• ~~Mays , J. and Irish, K. “The Development and Evaluation of an
Optimized Video Output from a Wide Angle Optical Probe” Report
AFHRL-TR-73-22 , December 1973

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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part derived from published performance arid characteristic data

obtained from previously referenced Farrand-generated documents

(References 13, 14, and 15) plus system-related considerations

discussed in Section 4.3.2. Potential simplifications are indi-

cated in the areas of control of probe focus and Scheimpflug tilt

correction for the NOE flight regime.

5.1.4 TV Camera System

a. Design Options- Two optional camera configurations are

defined ; the single-camera type and the three-camera type . Either

approach is expected to satisfy defined system performance require-

ments, however there are substantial differences between the two

types with respect tos

o Sensor type

o Optical probe/TV camera coupling

o Video processing

o Windscreen display interfacing (and impact on windscreen

display design)

The single-camera design requires use of a very high resolut-

ion, high sensitivity sensor to maximize the displayed wide FOV

windscreen fidelity and minimize the required model illumination.

A representative monochrome TV design approach is described by

Mays and Irish (Reference 18), in which an ITT magnifying type

-: image thtensifier (25mm input, 50 mm output) is fiber optic coupled

to a 2 inch Westinghouse very high resolution vidicon --providing

2000 TVL resolution per raster width at 107. modul ation).

In the three-camera approach, the resolution requirement per

sensor is reduced by virtue of dividing the optical probe’s hori-

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - ~~~~~~~~~~~~~~~ ~~~
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zontal field into three sections, with each section viewed by a

separate camera. Thus, on a first-order basis, the resolution

requirement of each sensor (to be equivalent to the single-camera

approach) is reduced by a factor of three. In practice, where

adjacent image overlaps are used, somewhat less than an three

times reduction is permitted. The advantage to the three-camera

approach in this respect is that standard, high quality 16mm SIT

type sensors should be satisfactory choices. However, there is

the obvious offsetting physical disadvantage of three (vs one)

cameras to mechanically and electrically interface with other

system elements.

In terms of probe/TV camera coupling, techniques applicable

to both camera arrangements have been successfully used. The

single-camera approach, with the magnifying intensifier coupling,

proved successful according to data given in Reference 18. The

three-camera approach , employing a field divider-relay lens

technique, has been implemented by Farrand and successfully used

in the NASA, Huntsville visual simulator referred to in Section 4.2.2.1

(and Reference 12).

From the video processing standpoint, the single-camera

design requires relatively high video system bandwidths (>30 MHz)

which impacts the camera electronics, special effects circuits,

and display circuit designs. However, no advanced techniques

beyond the state-of-the-art are believed required. The video

bandwidth demands on the three-camera design are substantially

less , but this is offset (to a considerable degree) by the need

for three individual sets of camera video circuits.

The windscreen display matrix electronic design is the final

area where significant differences are known to result from the

—
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use of the different camera configurations. With the single-

camera approach , the camera horizontal scan (corresponding to the

probe’s total horizontal FOV) must be t ime-shared among the three

display units. Thus, the horizontal scanning velocity of each

display must be correspondingly increased, and precise time-

sequencing circuitry is required to properly divide the horizon-

tally-displayed image fields. The F-4 Area of Interest Visual

Display System (Reference 10) uses a similar (but more complex)

time-sharing arrangement and it is reported to perform satisfact-

orily. In the case of the three-camera approach, the horizontal

FOV is separated spatially by feeding the outputs of the individual

camera units each to its respective IV monitor in the display matrix.

No state-of-the-art development problems are foreseen with this

approach either.

b. Camera Resolution- As discussed above, the camera con-

figuration (single or three-unit types must produce very high

resolution across the total FOV width to achieve an acceptable

displayed image fidelity. Displayed system angular resolution

is controlled by the combined re8olution performance of the optical

probe, TV camera, and visual display subsystems. The calculation

of system resolution is included in the visual display subsystem

section (5.1.5).

c. Camera Sensitivity- The following calculation is based

on use of the three-camera approach, using the field divider

technique to separate the wide FOV probe output image into the

three required sectionss

(1) Conditions (Assumed)

o Sensors - Three SIT 16mm Type 4804 (or RCA C21125A)

- 
__

_=v_z__.._ ——.5— _ _ _ _ _ _  -



o Optical probe - Farrand 140° design with T/no = 10.5

o Optical coupling from probe (17 mm format ) to the
three SIT sensors s

Relay lens transmission, TR 0.8

. Optical field divider --Reflect/Trans., DT= 0.96
Reduction factor , K , in sensor illumination due
to effective sensor-to-probe magnification ,M , of

l 7X3 ,. 3.2 iss

K ’  M2
” (3.2) 2 

= 10

o~ 
-. Terrain model highlight refi., RM 0.4 (assumed )

o Desired highlight S/N 35 dB m m .  (
~ S/N ratio of 56/1)

Note $ This is achievable with an estimated video
preamp noise current , ‘n 10 nAmp. and 560 nAnip.
highlight signal current. From RCA data sheet
on C21125A SIT (Fig. 3), required faceplate
illumination , E (at 2854°K) to produce 560 nAmp
is approx. 2X 10 foot candles.

(2) Calculation

Model Ilium., E1.ç 
E3• 4T

2. (1 + rn) K 
(Where m 0)

TR DT
S RM

30 foot candles of 2854°K illimination

The System Specification desired maximum value of 100 foot

candles was selected to allow for different optical coupling methods, S

flexibility in illumination source selection, and, within limits,

use of different sensor types and a8sociated video circuitry.

5.1.5 Visual Display System

Pertinent characteristics of the selected visual display sub-

system have been discussed at some length earlier in this report

L _ _  ~~ -_ - . - - - _ . - - 
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supplement. The primary remaining area of interest concerns the

system-related performance factor of displayed resolution.

As previously noted, system resolution is determined by the

combined characteristics of the optical probe, TV camera, and

display subsystems. At least in the critical central field region,

the limiting element in the system in this regard is the TV camera

subsystem, as will be evident from the following calculations

a. Conditions (Assumed)

o TV camera nominal total horiz. resol. = 2140 TVL (Central
field)

o TV camera effective vert. resol. = 600 TVL ( Central Field)

o Total horizontal FOV = 125°

o Total vertical FOV — 350

o Optical probe angular resol. = 3 arc mm /optical lp
(Central field --down to
35mm probe height)

o Three-element display matrix - Composed of three mono-
chrome TV monitors with resol. 1500 1VL/pict. height
(Central field resol. per monitor)

b. Calculation

(1) Basic TV Camera Resolution

o Camera horiz. angular resol . 1~~ 4~ 60 = 3.5 arc min/IVL 
- 

-

= 7 arc min/TVlp

o Camera vert. angular resol. = 35
6~ o

60 3.5 arc min/TVL

7 arc min/TV 1p



- -- 
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( 2) Basic IV Monitor Resolution (Single Uni t )

o For vertical FOV of 35°,

Angular resol. — 1500~~ 1.4 arc min/TVL

= 2.8 arc min/TV1p

(3) Displayed System Resolution (Central Field)

0 Resultant system resol. ~ 8 arc min/TVIp

Notes The controlling factor is the basic TV camera
resolution of 7 arc mm , which in combination
with the significantly higher resolutions of
the probe and TV display elements, produces
the above resultant system resolution value.

5.2 E-O Sensor Visual Display System -- Analyses and Rationale

5.2.1 Terrain Model

The same rationale and calculations pertaining to the dimen-

sional data for the windscreen model apply here also, since by

the very nature of the selected two-terrain model concept, these

characteristics are the same for both model boards.

Section 4.4 discusses the pertinent factors contributing to

the uniqueness of this particular model board design, in terms

of the special “signatures” of selected terrain features and

targets to be viewed by the E-O sensor pickup elements. Unlike

the windscreen model, no constraints are imposed here on achieving

real-world model coloring ; rather , it is highly probable that wide

departures from real-world colors and visible reflectance character-

istics will be required for effective E-O sensor simulation. 

-~~~~~ -- - - -  ~~~~~~~ --~~~~~~~~~~~~~~~~ -~~~~-
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5.2.2 Terrain Model Illumination

a.Type- Again, as in the windscreen visual simulation area,

no attempt is made to restrict the contractor to a particular

illumination source. Reference 18 again is offered as a valuable

compilation of data on potential sources; however, the final se-

lection, being directly related to the specific system implement-

ation proposed, will be a contractor option.

b. Illumination Level- Section 5.2.4 discusses representative

image generation subsystem sensitivity characteristics and the

effect on model illumination.

5.2.3 Optical Probe

a. General - The primary purpose of this probe is to pick up

special terrain model imagery for processing and display to the

test subjects as simulated FLIR and LLL-IV signals. Since the

system purpose is to simulate a wide range of sensor performance N
parameters , the probe must be compatible with the expected range

of characteristics.

b. Requirements

(1) Focus- No practical E-O sensor operational systems

exhibit an infinite depth-of-field. Accordingly, there is

no requirement for probe Scheimpf lug tilt correction. How-

ever, since some systems - do have focus provisions, there is a

requirement that the probe have adjustable focus capability.

(2) Resolution- State-of-the-art FUR sensor systems

typically achieve about 1.5 arc minute resolution using narrow

FOV optics. Thus, it is necessary that the probe have an

entrance pupil of no less than 2.5mm diameter to provide

diffraction limited resolution (in the visible spectrum) in

k - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ — __ 
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the range of 1 arc minute, and thus achieve the 1.5 arc minute

simulated systPm resolution.

( 3) Field-of-View - Based on available nightt ime f l ight

test data19using LLL-1V and FLIR systems, a 600 FOV is the

minimum needed for use as an effective navigational and pilot-

ing aid ; however, sensors for such purposes as target acqui-

sition employ much smaller FOV5 ( 80 or less). The range

of FOVs from 60° to 80 is obtainable using state-of-the-art

probe design techniques. The FOV changes can either be made

through lens switching or zooming of the optics.

Figure 1 shows FOV vs Resolution vs Entrance Pupil Di-

ameter for a variety of TV system resolutions and, as such,

parametrically joins together the various factors involved.

5.2.4 TV Camera/Electronic Processing/Display Subsystems

The broad design latitudes necessarily given the contractor

in these simulated E-O sensor subsystem areas limit the specific

requirements which can (or should) reasonably be imposed. Section 4.4

identifies major performance criteria which must be satisfied in

order to obtain an effective simulation of FLIR and of LLL-IV type

imagery. A key characteristic of the integrated TV cainera/elec-

tronic signal processing/display subsystems is the ability to

perform over a wide range of operating parameters , and to obtain

these parameter variations in a simple, calibrated, repeatable

manner.

The type of TV sensor used for this purpose basically must

K. and Palmer , J. “Investigation of Night Vision Equipment
as a Helicopter Flight Aid s Low Level Night Operations with LLL-TV
and FLIR Systems” Research and Development Technical Report,
E~OM-7O30, November 1973

_____________ ~ 51— —.5--—- -S- -~~’-- —- -- —=.- —
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possess high sensitivity and high resolution capability , plus

the ability to properly operate over a wide range of scan formats

and scan rates~ High camera sensitivity is required to keep the

terrain model illumination level within reasonable bounds. A

500 foot candle max imum illumination limit is specified, and

should be adequate for intensified type sensors operating in

con junction with the defined E-O sensor probe (plus spectral filters

as required for signal enhancement and/or signal separation

purposes).

A high resolution ( 
~~ . 1000 TVL) camera and nominal 1500 TVL

display are required to simulate the high resolution type of low

light level sensor devices ( both TV and FLIR types). From Figure 1 ,

it can be seen that a 1000 line TV sensor (500 TVjline pair) operat-

ing with a FOV of 80 will provide a basic angular resolution

better than 0.3 mr/line pair. When combined with the probe

resolution characteristic, the signal fed to the special E-O sensor

display is representative of advanced FLIR sensor performance as

well as high resolution LLL-TV sensor performance. By incorporat-

variable scan rate/scan format capability, this performance can

be degraded as required for simulation of lower resolution low

light level sensor devices.

.5-—- .~j
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1d ’ i  7

(Fl i q i p t  - S ’n t r o l)  a n I  m-ix inuim I i - I o i i t v  of the  v i s n a l  ;c ’ 1 l ’  i n  Ie -~~~i r o l , ‘~~ ‘ I b i n  ‘

‘ ( S ’ t i n - i  n ’ i ~v b i b  limit p t  b i t ; ; , t o  1551170’ t ha~ v i i  i - I  “ - - - ‘~- i m e ’ n t i l  i o s r i ’  S i t o  -~~
-~~~~~~

- V I I  i - t i  p f rom Vt~~ I- ’ 111 11  i - i t  1 111 . The’ ‘ T i l e - - I t  ‘~~~ii  o t  (s)  i l l  t i ’ r~’qui 1 “i;S - ; i t  t r n - i

(1 ~~ i ’~~~
f f i s l e l i t y  ‘ ‘ n o- U  - sn’ ’ t r - l I ; n 1  i t ’5 i i i t ’ ’  i I - - I l l ’  -1- 1 50 ‘ i ‘ i t  i i ’  ni ’ ;p l  p - 2

1 1 (‘11 I ‘; F ‘ I — i - I  1, - ;  1I7~ I . ~S ) ) ~~ %~ I I I ’  i l l S ’ ’ - t 1 (iii 5 P ~ 7 ‘ ‘  - ‘ - i  - ‘ 1 ’ .5 - ‘ I~l ‘7 ‘i i  - ; l r ’ l l  1. ’ 1 ‘71

i f  T O f l I l  L I  o - I  i S  enqac7e 1 .

‘- - ‘- - ~~~~~ - ~~~~~~~~~~~~~~~~~~
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In the selected base VFRF system design conceot , the crew members will

be separated and actually operating in distinct crew compartments. Powever ,

onl y one crew station will be equipped as a flight comnartrnent , while’ t I ; o

second station , although serving as a cockpit from the standpoint  of hasic

fl~ ght instruments and displays , will incorporate only a simplified fl~ qlit con-

trol fun ct ion . Therefore , consideration of the need for simulated co’~koit

motion is restricted here to the first mentioned compart!nent , which , denendinq

on the particular research task , can alternately house the pilot or the copilot.

1. 1 r4ethod of _Accomplishin~~~Rej uirements - Motion simulation could either be

deleted as a requirement , implemented with a partial set of motion stimuli.

or implemented with a full motion base plus G—seat. VFRF cost increases , as

0 maintainability requirements, and reliability decreases as the complexity

of the motion simulation is varied from none up to the combined system .

——.5---—- -.5- -.5-- 
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2 . -) q 7 ~MA p Y OPERATING CHARACTERISTICS OF CANDIDATE APPROACHES

‘ . l F t - ,e ’- I ftaso - The fixed base approach utilizes only visual cues to create

the’ i l l u sion  of mot ion .  A windscreen display for a fixed base simulator must

‘ - - -‘rate ’ in 6 DOF to provide motion cues for the pilot and/or copilot experi-

‘iental s’I } le ’ct s.  In the case of a terrain model and optical probe system , this

- i i  be a -li ieved through the combined operation of the probe transport and pick-

!“ oot ir s ’ (~ DOF’ capalulity . If  a remote screen of practical size is u n o - I  in

~~l ;~~~~ svst .-’m , detractinq , fixed ,screen edge cues can result in cases of more

extre’me’ roll and pitch maneuvers. Also , an ana~ysis was conducted to determine

t h e ’  ie - s-il t - inq scene geometrical distortions based on a representative ranqe of

~~I 1 l i l t  dynamics. Tt won concluded that  the imaqe listort~ons and other

u l s. ‘w’ - i nherent is the’ remote screen, fixed base system ‘-~enerally  fall

.s’ I ’ t P i S  t i;- suhje.’tive’ tolerance limits of the average observer. Therefore ,

ot h e ’r  lii ;tations of the fixed base system would have to assume importance’ in

or lor  to rule out this simple approach for VFRF use . Tb - l imitation which does

at’n~ -ii - significant is the inability of the fixed base system to provide any

-SroTSrioceptive cues (neither ear channel nor muscular feel) to the test s7lb~ cVt

ms nionifie’-ince of these missing cues is discussed in m~’re detail in subseq uent

;e ’cttons of this report.

!)yn I’nic Seat (G-Seat) - The G-seat device which is designed to rep~~acc

t h.’ convont:ional pilot ’s seat in the simulator flight compartment has been

deve loped to provide the ’  -ap-ii’ility for sustained acceleration simulation as

,vte rienc e ’I in hiqh performance fixe l wing aircraft. In actual tests , however ,

“te is -niusiderable evidence that in addition to the sustained accelorat i ’ti

~~I i S ’C t O - ,  t h e G’seat provides significant onset acceleration cues which are con-

si- lr~- oI to  I - o  of primary importance’ in Critical rotary-wi ng aircraft fli cih t

‘‘; - t r )~ t’ur -tions.

- . 5  - _ 1- - -—
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The ‘~~~
- - seat ;-‘ourles t o  the bod y cy st e im ’ s har t ic ‘ P t i U Y - ol ements  to

inducepressures cimilar to those resulting From l’ slv -’oi-i ’ - - - i - ’ l i n q  experienced

luring t r p n ; I ltional and rotational .-icceleratior-p s in ~~~~ i-lh t - ‘° ;e-Se tre’ uiro-

I in t h e ~ - seat buy independently altering I-he e I o ~ - i t  ion , attitude , and

shape (Sf th e ’ seat and backrest surfaces, and , in addition , controlling the

oressure- of t h i g h  panels located on either side of the -n at  part . ~lsa , the

-leeree of extension and contraction of the lap belt assembly is controlled .

The i ’- -;;eat software package produces the excursion commands for each

element of the seat assembly.  The G— se at  software naci- :ai ie ’, in t u r n , - ir awu :

upon f l~~i1 ;t software for simulated aircraft acceleration i nputs. The’ above

command s ~n i n ’  he proper lv coordinated wi th the optical probe/transport sub—

system dri~ ’i’ inpu ts  to maximize  the desired 6 DOF motion simulation effects.

‘i’~~ -~~ r esu I ts — i h t s i  ZiOd by sever-il research grouns using G—seats, with and

wi t I ’n i it  motion bases, are subsequently discussed (also , set’ Reference 1).

,‘ .~~~ Mo t i o n  Pase - The’ full motion base system is capable of providing 6 DOE

propriocc’ntive CUeS to or)prate in con~unction with the 
T~ DOF visual cues. The

motion base moves throuch a portion of the commanded maneuver to generate the

proprioceptive cues (inner ear and muscular) that will effectively lea] the

visual veloci’v cues (Reference 7). The visual veloc i ty cues will continue

to supply the sensation of motion while the base settles hack (very slowly l

into it s  oriqinal position .

“ i t o  interaction of i remote (fixed ) display screen a ol  motion base to

;‘r.-’v i t -  7 ’ ’  F u !  I range’ of compensated velocity cues car-i h.- very comi-lex.

T h is  bcs oros -i ’ - .’ iy import-int . consideration if the base’ 1 11W VFR -’ svst i ’m loes

not incluil e ’ a motion base . but identifies it as a growth item . In this c ire’,

extreme ~‘u r e  m u - ’ he taken ill  S f lPc i  f y in t i  the type ot vis ;iil di ; ;t ’l- iv w h ich

Will he corns~it  i hI e wi 711 the added motion base cat sib i l i t  v -

4
____— . - 
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LU ANAr YsIS

3.1 Factors Bearing_on the Problem - Th ree method s of data collection were

used , incthlinq r (1) cIefintion of the proprioceptive cues available, and

correlation with proprioceptive cue thresholds , (2)  survey of the literature

including approaches and t rades , and (3) vendor—user survey for their approaches

and trades .

.1.1 An~~~~ ic Pata D e f i n i t i o n

3.1.1.1 Proprioceptive Cue Availability - The roll, ritch , and yaw pro—

prioceptive cues are generated through aircraft maneuver. Utilizing movie

film sequences taken by Martin Marietta engineering personnel at Ft. Rucker

on a recent visit , the attached set of roll maneuvers was analyzed and the

results plotted . These maneuvers , Figures C-l throu’jh C-i? , were not selected

because of some special attribute of high angular acceleration . Instead , they

are typical of NOE flight path terrain avoidance .

The twelve run segments give the histogram of Figure (‘-13 , with acc-elera-

tions in deg,’sec2 taken at the data points. Three attempts to curve fit to

the da ta eva luated over 25°/sec2 in te’~va3.s were made , givinq :

= 43 e (43 x/2000)

p(x)-. = 40 e~~
40 x/2000)

p ( x ) 3 = 4~ e ’( X 2 / 2 a 2 ) o2 = 1533.22

The va lidit y of these curves was establi shed by :

a .  Exp onential

= V

p(t) It ~.l 
~~ e~~~

t = _ ( ~~~4 . 3  - e°) = -.014 + 1 1

_ __  ___  ___________ __  
_ _ _ _ _ _ _ _ _ _
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t
x dx

I t -  20 tO

- 
‘ ~ x/?000 (Ix = —(e 4’ 1 

— e°) = — .01 -~ 4- 1 - 1
(-5 —

r ’
~~~ 

4-: ) — -I Qx /2000 —4.0 o
— e dx =— (e - e ) = - ~018 + 1 1.

b. Half-Normal

x
00 2 oc -~~2

I 2 4- Cx ) dx = — I e dx
o 

cT(25)
1’2 o

= 

T ( 2 ,T )
l/2 

• 4 ( . 1~ ~)= 
~~~
/

~~~~~~~~~~~ S 

— -~~~~~~— = 1

where

= 43 for scalino .

I -~ ( x )  -lx - 2 ~ (x )  dx

1 — (:0) =

last int~ - r r t 1  by graphic techniques .

‘s f l  evaluat i- - n of t1’ie estimates , based on actual samples versus the
curve , - i i v ,~-; h~- fs ’l lowino , Table C—I :

T~ R 1,E (‘ — 1~

~ ctua 1 versus Curve Comnar~c sn~

() c l r r ’ n i - ’~ A. tual  ( ‘‘i) p ( x ) 1  n ( x ) — .  ‘ C ’ -
~~~

— I -
~~~~ - 1 t — q 1s- 0.01:s,s’ O.0it~~1 .)1-’’~ ’ . - )  ~~I 0

1 ’ ’. — 1 - ~ 
“ 1 _ O37~) 7 0.0203’’ (~ .s~~ 

- .00 - It

100 —- - ‘ ‘‘ 
‘ 0. 03 7 5 7  0 .0484 ~ 0~ c -

- 
. ‘W ~~ 3 1

7~ -— 1) 0  ‘‘ 0 .0f ’3- ’~
) () _ 0 0 2 I ~’~ 1~ 0-~ /~~’ _ S

— - f )  - - r , “ 0.12658 0.1-3 1~ 1 0.1 1 - 2 7~. - ‘.~~ -

- ‘ - ‘-0 0 . 1/ 7 2 1  0.2-12fl - )  ~ I~~C

0 
-— 

“ 0. 54 430 0.41570 - t . ) 0 t 4  0 . -

‘I’OTAL 0, ‘~°°~~0 0 . 97t-.87 ‘~T ~ • ~ - ~~~

- - 
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T il’ 1 ’  C -
, si i ve : a d i f f e r e n c e  compar i son for the curv e  m,i t - ch , and in d i c a t es

H i t  -u r v ’ ~‘(x) is the  best average fit of the three curves.

TABLE C-2

Curve Match Comparison

Range Actual  p(X)l/act P(X)
~~/ac~t. 

P(X)3/act

1 sO 17’ ~Ieq/s~ 1.0 1. 30~6 1. ‘ -174 .0070
1 ‘ . - 1C~0 1.0 . 74 ’7 .8506 -

100 - “ 1.0 1. )7v~5 1.402-2
7’~ — 100 ‘ 1.0 1. 1.30-71 • 7 17-i
50 - -  75 -- 1.0 1.1213 1.1435
25 -- ~0 1.0 1.3707 1.3467 1. 72510

0 - “ 1.0 .7630 .7639 .8897

Ave . 1.0 .91-38 1.21)551 .6’) 2 I)

A = .0362 A = .7050 A = .3080

This data  shows that dur ing  a NOE flight maneuver , the pilot has a probability

of .0884 of experieneino an angular acceleration of over 100°.-’sec2, a p r o b a b i l i ty

of .27R~ of e~ periencinq over 50°/sec 2 , and 0 .4553  of  experiencinq over I ’ ser - .

The article “Thresholds for the Perception of ~nqu1ar Acceleration in Man ” , from

Aerospace Medicine, May ‘67 , shows a 0.10 to 1.5 deq - -’sec2 threshol d fo r  a nn u l a r

acceleration in man.

3.1.2 Vendor-User Sur~~~ (Telecon)

3.1.2.1 Sinqer-Link , flr. fd Stark

Or. M Stark of Singer-Link has been involved in ~i ir - to- a i r  gunnery f l i g h t

5 ip v l l a t i or .  which uses a motion base , 0--seat , and 0 -— s u i t .  In i series of tests , ‘

t~r. ~t-irk stated that the 0-—seat used in conjunction with  the  m o t i on  base has

improved t racking in t h e  - i i r — t o — a i r  gunnery system and has enhanced t-h,~ simulated

5ectobat ic  f l i g h t  resF~~nse . Dr .  Stark -ilso mentioned t h,t t t he  r,5a~~~r s why the

( s~~a t  has hel ped in these s i t u a t i o n s  is  not wel l  undor s~ ~ s d  i t  pr esent- . Or .  S ta rk

is readying a series of tests wit.h the 0-—seat  and ~~Ot j s ’fl 1~ 35O versus  t h e  c—seat

I

~

.

_ _

_ _ _ _  - -

1. ~~~~~~~~- 2W— _
~~- — ~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --

- 
- - - __________ ~~~~~~~~~~~ ~ -~~~~



alone . The results of this experiment will he of particular interest in

subse~iuent VFRF study phases.

3.1.2.2 ASr)/FNcTS , WPAF B, Mr. Richard Heintzman

Mr. Richard Heintzman of Wright Patterson AFB was c”nt:act;ed with respect to

his use of the F-4 fl-seat and motion base . He stated that the C-seat was pre-

ferable to the G-suit for unloading cues and in the 0 g environment. 8e stated

that his simulator hasn ’t flown much and that more answers are needed .

3.1.2.3 ?tSD/ENCTS, WPAFI3, Mr. Jack Wilson

Mr.  Jack Wilson has worked with Mr.  Heintzman on their simulator and has

flown their G-seat system with and without the motion base. He stated that the

G— seat alone gave insufficient cues in + and 0 g’s vertical , gave only a very

small roll cue, and only a very small longitudinal cue. The onset cues provided

by the motion base are essential to the air-to-air gunnery mission . One pilot

f l y ing the 0--seat without motion base ended in a lateral PlO , or case of severe

disorientat ion. Mr. Wilson stated that he will  be working with Dr. Stark on the

upcom ing test series. He fur ther stated that the personnel involved would be

F-4 qualified Neilis and Luke pilots.

3 1.2.4  NTEC , Orlando, Florida, Mr. Joseph Puig

Mr. Joseph Puiq stated that the requirement for motion simulation cannot

be qeneralized; it is extremely task-specific. The training application is

extremely clear cut, the objective is established and the evaluation is made to

specify whether  motion is needed or not needed to meet t:he objective . The research

app l ica t ion , in Mr .  Puig ’s estimation , requires the highest degrees of f i d e l i t y

because objectives are variable . He stated that most subjects  do not notice the

motion cues , but most certainly ut i l ize them as evidenced by their abi l i ty  to

8
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complete a variety of tasks simultaneously.

Mr. Puig ’s experience with G—seats has been most satisfactory from the

standpoint of high performance a i rcraf t  simulation . He said that in his opinion

the “ seat of the pants ” cues were at least as good as the vestibular cues. He

did state that vestibular cues were required for avoiding disorientation , as in

instrument trainers. Re has witnessed good f l ight  performance in simulators with

the motion base off and G-seat on.

The argument that “all the other simulators have notion ” is invalid ,

according to Mr. Puig. He did Indicate though that  the hel icopter hover and

slow f l i g h t  regime are def in i te ly  areas where motion cues are important , and F
possibly- even critical in the research flight fidelity respect .

3.1.2.5 Goodyear Aerospace

A conversation with the locaL (Orlando) Goodyear Aerospace representative

revealed that  the “Dynaseat” has not been a production item for that company

in four years.

3.1.3 Literature Survey (References)

3.1. 3.1 Ar t i c les_ Surveyed

A set of 9 relevant and timely articles and naners were surveyed to give

fur ther  insight into the requirement for a motion base in the VFRF . These

include :

1 “Motion Simulation Enhancement : The Development of a Research G-Seat

System ” - G. J. Korn , Sixth Naval Training Equi pment Center and Industry

Conference , November 13-15, 1973 , NAVTRAEQIJIPCEN 11-1-226.

9 
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2 “Use of Flight Simulators for Pilot Control Problems ” - Rathert,

Greer , Douvillier , NASA Memorandum , AD 21052€ .

I “Simulation of Visual and Motion Cues in Air Combat Maneuvering ” ,

Dr. E. A. Stark and Mr. J. M. Wilson , J r . ,  Sixth Naval Training

Equipment Center and Industry Conference , November 13-15 , 1973

NAVTRAEQUIPCEN 18-226.

4 “Motion , Visual and Aural Cues in Piloted Flight Simulation” ,

K. J . Staples , January,  1970 , AD 871716.

5 “Simulator Motion in Aviation System Desi gn Research” , Robert C. Will iges

and Stanley N. Roscoe .

6 “Threshold for the Perception of Angular Acceleration in Man ’ , Brant

clark PhD , Aerospace Medicine , May 1967 , Vol . 38 , Number 5 , May l%7 .

7 “The Use of Piloted Flight Simulators in General Research” ,

George A . Rathert, Jr., Brent Y. Greer , and Melvin Sodoff , AD 404196 .

S “The Role of Motion Information and Its Contribution to Simulation

Validi ty ” , W . E. Feddersen , Report 0228—429—001 , April 1962, AD 281955.

9 “Motion in Flight Training : A Human Factors View ” , Joseph A. Puig,

-~ NAVTRADEVCEN IH-177.

3.1.3.2 Summary_of Article Surv~y Data

Mr. Korn ’s article on the research G—seat system points out that the fl—seat

n.s . ’-c i r i l v  prov ides stimul i for susta ined acceleration , exciting man ’s haptic

ftn ’jscular or seat of the pants) system . The G— seat is developed independently

and separately from motion base opera tion , with  fu l l  capabil ity of insertion in to

-a motion system environment. The 0--seat is extremely important to the system
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because the nature  and importance of st imu ! u s  coupling between the h an t in ,

ve st i b ula r ,  and visual sensory systems is not known . The seat wil l  f u r n i s h  the

translational accelerations, and wi l l  provide roll acce ler ation and veloc ity cues

through thigh pads and/or outboard bank of underlying seat air cells forming the

thigh panel .

The memorandum by Rather t , Greer , and Douvillier points out that there are

some regions where motion stimulus is mandatory in order that the pilot opera te

the simulator realistically, particularly for pitch and roll control systems with

a sensitive rapid response to control movements . . . in maneuvering f l i gh t .

Dr.  Stark and Mr .  Jack Wilson in their NPiVT RAEQUIPCEN paper point out that

in general, cockpit motion cues derived from a motion base were considered the

most important e f fec t s  of the cockpit motion simulation system (which included a

G-suit and G—seat) in supporting flight control over a 16 maneuver test sequence

designed for A-A combat. Their analysis of the results indicated a need for pitch ,

roll , yaw , heave , longitud inal , and la teral angular and translational accelerations ,

as well  as buffe t, vibration , and sustained acceleratior . Visual cues were not

suf f i c ien t  for pitch , high speed roll , yaw (except low altitude), and heave in

coordination with pi tch.  Visual and instrument cues are too 1-ate to be relevant .

Mr.  K. J. Staples in his  article states that without motion , visual , and

aural cues , the fu l l  inclusion of man in the simulation loop is not possible .

He rates motion cues as provokinq the quickest operator react ion,  auditory cues

next ,  and visual cues the slowest. Motion cues are required where an unstable

or modestly stable s i tuat ion has to be controlled .

Messrs. Williges ~nd Roscoe state that  the uncertainty introduced into

research f indings by imperfect f idel i ty  of cue environment . . . is par t icular ly

acute with respect to performance pr imari ly  dependent upon the general class of

11
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~-~~t -s a s s o c iat e d  with the kinesthetic and v~ stibular se~o~ -~- .

Fe ~te’-sen says that pilots are more proficient in fl\’ins a helicopter simu—

I i t o r  with m - t i o n than without . He cites Horlace who conc i n - t e d  that pilots in

s .~:~ x 1 ~‘ -~rs witn motion fi more precisely with shorter r I c r on s e  lags and w i t h

higher fre-;ucr. -y response components than they do in  s imu la ~ ers wi thout motion .

2~- ej ’  - O ! I c luS j Of l  i s  t ha t  m o t i o n  cues could unburden the n:  lot so that  he can

- l ev o t e  m o e  v i sua l  a t t e n t i o n  to other t asks .

t -r . Clark ’s Aerospace Medicine article, cited in Section 3.1.1.1 , concludes

th,-it the ‘-~~mulus  th r e s h o l d s  vary between -fl .0 35°/sec 2 and 8 .2°/ s ec 2 w i t h  a median

i r - -~ind 1 ~-
~
-
~~~

- - - 
- Ceneral 1 v , he states , the threshold of .anq u l ar  a c c e l e r a t ion s

p ” r - -e~-t i on  i s  sub jec t ive  m d  varies wi th  a v a r i e t y  of c i r cums tances .

-~~~~ . Rath e r t , Gre er ,  and Sodoff s ta te  that. for dy n a m i c  stability , the

: - n i i ~~ i n - t~ and Lit e ra l  areas are harder  to control in fixed simulators , the

vi  l i d  ~~~~ -r is harder  in rol l  only  for l arge —vnoun ~~ - of cent ro t n n l i  I i  no .

They - - o r - t u e t hat  the f i x e d  cockpit is adequate where control s t ick dynamics  are

~uch t h i ~ t - - miss ion  is easy to f ly , Motion cues aid the p i lo t  by supplying a

nece’~sary I~ I or an t ic i p a t i o n  cue , as in coping with a l i g h t l y  damped or uns table

vehicle  or m s lugg i sh  control system .

F’ed - Ier son  has ra ther  explicit  comments with respect to helicopter mot ion

s t rn u l a t~~-~n , - m n d  contras ts  laboratory resu l t s  with actual  f l ig h t  r e su l t s  for ~ iv e n

- . lie ~tates , as a test philosophy , that  the s imula tor  as a research tool

~- h o u l - l  e x h i b i t  dynamic character is t ics  such that  performance data obta ined in  t h e

l a b o r a to ry  sh o u ld  approximate that  of i n — f l i q h t  research . The test se~ ueu -e was

~eu i on e d  to i nve s t iga t e  re la t ive  e f f ec t s  of motion i n f o r m a t i o n  upon t ’ er f c t ” i - i - e  of

simu l i t  ‘ 1  ho~’er i n q  task in both a f ixed  base and dynamic  s imula tor  si li . t  i o n

and to r e l - i t e  these data to tha t obtained under c o n t r o lh e - -c n - 1i t i o n s  c f  h e U —
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- o n te r  fli -ih ’ w i t h  m i  am ot er s  o f :

P o s i ’L o n  Ve1ocJ~~~ ~-~- c e l e r at i o n

P i t - -h + 10° 1~~°/sec -pi °

Roll +10° 17°/sec

— Yaw ~- l 0°  10°/sec 15’/sec 2

Heave (Vert.) + 3 .5  f t .  6.6 f t/ sec 6 . 5  ft— ne- -- ~

Surge (lonci .) comnensating for

Sway (lateral) pitch and yaw

~t~ s surir ,arv and eon - - l l i c l o n s  were that  inc lus ion  of s i m u l a t o r  mot ion  i i o v~~ dc s  a

- i - - -i U - o- an t v a l i - i  basis for system evaluation. More specifi -all v ,

(1) ine i n c- - n t r i l - i i t e t  to significant proficiency differences in both rat - ant

eve ’. -f - ‘ 

~cien -v ittm inment ~ (2) when motion was removed from t h e  s i m u l i t  ion ,

- -~-r for m - i  ‘ - - v  i t  e l ;  (3 )  the use of motion provided a t ~’a n ce- t ”  or ‘ - m i  i~o~n e t ”

tn t - i- m i t i - c  ‘ o t he  ni i - --t and allowed higher frequency , lower ap t - l it lite - - - -ntiol

1 r.p~e s - i  m t  - ; )  -‘iot i~~ n in  the  simulation produced results that more closely 

o - - i t - ‘ n — t  I : - ih ’  n o rf o rm a n c e .

Put  -~ ‘ S ifl ’ e l \ ’ i -v -over e  data  in h i s  r epor t .  t’ n i - r  his P t  ion  sys or-

r - -  - ‘- n - - i • -‘s , he - - a t -  h at  t e o m u s o  i t  is  d i  f f i c u l  t t -  - l i s t i nu n i  sh he

v-s t -a i.e in  I somr- -~ he ’ - 
~- et is i ~ ions , comma i i  son stud  i c -  should be made of

m , ’r for i r mn e- - is  i mo -m f m ~e- I - e s e  -; i nc  I a t o r  wi  h and vi t h o t  t ~i ~i —  sea t  , an riot i on

b -ice s~mul t r w i t  - m d  w 1 ‘ t ou t  a G — s e m t

1 . 2  Kv~~t m i a ’ m -n f l ’ or ives

lme alt. - r :ma t ~ Ve ’5 - , dc l et i o n  o ~ not j - ~n m u  I it  i n  a s  m i - ’ m  m r ement - , i-cu I i a I

mple - - - ’r ~ at  ion , or t- ~t a l  i m i - l e m e t i ~~a i - i ;  f o t  the \‘l-’l-d , ~~ 
• ‘n i  ied resr - - t  m i ’ e l v

tv a f xe i hms ~ cockpit , a motion base am m~ - - 5 e m t  mot ion  511 - su i t  ion , or a conil ’i l e t
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moti ri base -and G-seat motion simulation, will be evaluated by:

a. 1-c f ir-uition of general VFRF simulation requirements

b.  fl’~~~1 n it ior i  of degree of motion experienced in NOE , and

C. Definition of the required degree of simulation .

1.2 .l [efirJtion of General VFRF Simulation Requirements

The general requirements related to motion simulation can be established

through-

a .  ?ta tement  of VFtt test  objectives

h. Statement of methods to meet objectives

Implementation to utilize methods to meet test objectives .

‘Ihe tJ~ - I l e s t  objectives include evaluation of piloted flight near terrain and

obutacles . This evaluation will include use of new aids and procedures to assist 

pilet in NflE flight . The methods used to evaluate pilot performance with or

- -i ’- hout the new aids and c rocedures will include task—oriented measurements

inalosnus to a tracking task in A~A missions. Interviews , plus the literature ,

i n u i - -a t ;e  that helicopter flight in the low speed or rapid maneuver (obstacle

iv o i - t -mn ce) regime can be simulated with highest fidelity (assuring responses most

like actual flight) with the inclusion of motion cues. The NOE flight dynamic

evalua~~on shows that sufficient accelerations are nresent to provide cues. This

fac t, coupled s’ith the interviews and literature survey, substantiates the

reqlm’reme rL t for motion simulation and eliminates a fixed base VFRF concept .

1 .2.2 Definition of Degree of Motion Experienced in HOE Fl ight

The ~- --irec of motion effects experienced can be established through :

a. Further sttm - l y of fliqht dynamics through film , field experimentation

with instrumerete I helicopters , or other evaluation approaches.

I -I
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b. Exper imenta t ion w i t h  Fcaled ‘*iu l at t o n  in a v a i l a b l e  research

vehicles .

The~ first step above has been initiated with the film study . This data s et

is v ery  i~re I iminary , and can only he l i l l e r ?  as a b a s i s  to i n f e r  t h a t  m o t i o n  simu-

I i  i on  is rec-tuired , but not the degree of simulation . The preliminary steps in

the se- - r n ) set should he available from Dr . Stark ’s continued work .

1 .7 .  3 e - t f i n~ tion o f t !ie Reguir ed_Deqree of Motion  s i m u l at i o n

Definition of the degree of motion simulation t}net : is required for the VFRF

centers around  the question of whether a motion base or a G-seat is sufficient

to provide -r i t ica l  motion cues , or if both a motion base and 0-seat are required .

This definition is dependent on the results of the additional studies and

experiments discussed in the previous section .
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4.0 CONCLUSIONS AND RECOMMENDATIONS

I t  is concluded that motion simulation is a requirement for the basic

IJFRF system concept . The degree of motion simulation required to satisfy a

potentially wide range of research purposes cannot be defined at this time .

However , the experimental results obtained to date using 0—seats of latest

design are sufficiently promising to justify recommending that the G—seat be

specified as the minimum motion simulation device for the basic VFRF. In

addition , the VFRF specification shall provide that a motion base can be added

at a later time without major modification to the basic VFRF system. In this

way , initial motion simulation capability is provided at the lowest cost , but the

system design flexibility will permi t fu ture addi tion of a motion base should

further studies and experimentation justify this action . 
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