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completion of this task. Their contributions, plus the excel-
lent cooperation of the ARI Contracts office and all levels
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DESIGN RATIONALE AND PERFORMANCE SPECIFICATIONS FOR A
VISUAL FLIGHT RESEARCH FACILITY (VFRF)

BRIEF

This report documents the results of the concept definition
study for a Visual Flight Research Facility (VFRF) conducted by
Martin Marietta, Orlando Division for, and in conjunction with,
thef&r:; Research Institute for the Behavioral and Social Sciences
(ARI), Arlington, Virginia.

The principal objective of this study can be summarized as
follows: 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-
uvally-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 alds*and of modified crew operating procedures specific to the
nighttime NOE operating environmenffk

Key research objectives and related behavioral and functional
requirements for the VFR:I were identified initially by ARI, and

subsequently refined in a joint effort with Martin Marietta as

* In certain cases using special electro-optical (E-0) sensor tech-

niques to simulate physical E-O hardware/systems
*% Refer to ARI Technical Research Report, "Behavioral and Functional

Requirements for a Visual Flight Research Facility",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 rationale for selection of the VFRF approach deter-
mined most cost effective in terms ofs (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 iow development risk and in the earliest time frame
consistent with established objectives and requirements.

Based on the results of the above study tasks, the VFRF System
Specification was prepared. As 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 SecondaryACompartments, 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 special, -0) image
display elements (the nature of the research task determines which
crewmember occupies which compartment). The Test Station complex
including 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 left console and the Measurement Control Operator (MCO) at
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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-‘
ment) the MCO canﬁfan r%g’%ﬁ:"ﬁ,ﬁ?iagtﬁgﬁ1€§$¥E§”2€§t2§nmgX§“ger.
form simplified but necessary NOE flight functions --in coordinat-
ion with the crewmember being evaluated. The final major function-
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 further 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-seat), and 7 physical ”_ _— measure-
ment equipment (not shown). By means of the interfacing and comp-
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- .
grammed 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-seat to provide

the effective illusion of vehicle movement in any or all six degrees
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of controlled flight motion. The level of flight fidelity achieved
will be commensurate with visual flight research needs and object-
ives; 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
Als 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
artransfer of Ysim uf;%&?‘ 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 --
using a manual track stick or helmet sight foqh12§52531;nent) that
crewnmember 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‘fhosetests 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-
cluding:
o Second crewmember compartment with an "infinity" type wind-
screen visual display subsystem equivalent to that used in

the Primary Crew Stationj

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

ally compatible with the crewmember compartment design.
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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.




DESIGN RATIONALE AND PERFORMANCE SPECIFICATIONS FOR A

VISUAL FLIGHT RESEARCH FACILITY (VFRF)

CONTENTS A S e e
Page
SUMMARY
I. INTRODUCTION ’
I1. STUDY OBJECTIVES 3
III. STUDY APPROACH 3
IV. REQUIREMENTS ANALYSIS/DEFINITION <5
1. VFRF Research Scope and Goals 6
2. Key Features and Characteristics of the VFRF 7
3. NOE Flight Functions and Characteristics and Related 2
Visual Effects 2/
4. General VFRF Requirements Summary
V. VFRF CONCEPTUAL DESIGN AND TRADE-OFF STUDIES 2
1. Candidate System Identification /2
2, System Level Trades and Recommended System Approach /3
3. VFRF Terrain Model System Options /3
VI. VFRF SYSTEM CONCEPT SELECTION AND DEFINITION /6
1. Selection Criteria ‘6
2. System Ratings and Recommended Basic VFRF System Concept /7
3. Basic VFRF System Characteristics and Functional Interfaces /7
4, VFRF System Growth Areas 20
VII. VFRF System Summary Characteristics 72
1. Windscreen Visual Display System 32
2. Simulated E-O Sensor Visual Display System 37
TECHNICAL SUPPLEMENT &)

. System Configuration Trade Study
« Visual Display System Analyses and Tradeoffs
« Motion Simulation Analysis

APPENDIX

System Specification for Visual Flight Research Facility

.~ .




TABLES :
Page

Table 1 - VFRF System Options /5

/8
Table 2 - VFRF System Option Rating

28
Table 3 - VFRF Visual Aids Summary
ILLUSTRATIONS MO : s
Figure 1 - Visual Flight Research Facility --Concept ORIEF
Figure 2 - Major Elements of Basic VFRF System BRIEF
Figure 3 - Visual Flight Research Facility Study Task Approach Sa
Figure 4 - VFRF System Diagram /9
Figure 5 - Basic VFRF System Layout and Hardware Identification 23a
Figure 6 - Test Station Control and Display Console Configuration 25a




——

DESIGN RATIONALE AND PERFORMANCE SPECIFICATIONS FOR A
VISUAL FLIGHT RESEARCH FACILITY (VFRF)

I. TINTRODUCTION

The Ue 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.

Aircrew tasks in the NOE flight regime are quite demanding,
and compared to conventional higher altitude rotary and fixed wing
flight, distinctively unique --particularly in terms of the ex-
treme 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 illum-
ination levels. The hazards, technical difficulties, and high
cost of conducting extensive, controlled NOE in-flight research
under realistic field conditions become extreme, particularly

under these degraded viewing conditions.
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Sciences
the U.S. Army Research Institute for the Behavioral and Sociala

Recognizing these problems, ARI) Arlington, Virginia, has
<— 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
behaviorai 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-
search Facility", H. Ozkaptan, April 1975.

The initial ARI effort =~~~ —— preceeded the Martin
Marietta study task summarized herein. These two efforts then
were pursued essentially in parallel to arrive ats (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 most 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 VFRF system concept definition study. The major require-
ments derived from the * "ARI " definition task are then summarized.

In addition, the results of related Martin Marietta requirements
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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 séleetion of the preferred VFRF approach
from among the candidate systems available. The final sections
of this report identify the key candidate systems and associated
subsystems, 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
ARI “"stay young" approach involving planned, systematic develop-

ment and expansion in two or more program phases.
II. STUDY OBJECTIVES

The initial principal Martin 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 used: (1) The study would be tailored
A:gsgereaponuve to the highest priority NOE research needs, and

; influenced by
(2) The study would be strongly o ' VFRF system capability limi-
tations imposed by the current state-of-the-art in visual flight

simulation technology.

w




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 levelsj; 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.

aech

.
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III. STUDY APPROACH

The VFRF/NOE study approach followed 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 111 - Recommended System Concept Selection, and
Task IV - Recommended System Concept Definition. This study
approach is depicted in chart form in Figure 7.

Referring to this figure, within each general task area will
be seen various subtasks 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 I1 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 the basis for recom-
mending a basic VFRF system design concept, and finally, Task IV
defined this recommended system concept in terms of a system dee

sign and performance specification directed toward subsequent

=y =

VFRF system development.

IV. REQUIREMENTS 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 1
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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. VFRF Research Scope 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:

« Visual Capabilities

« Visual Aids/Sensors

« Display Parameters

« Pilot Proficiency

« Crew Coordination

Navigation

o Cockpit Layout

The principal research goals of the VFRF 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 design criteria,

« To evaluate alternative sensor syatongﬂ techniques, and procedures,

« To conduct comparative hardwarof'r and concept studies,

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

ware/systems.




« To provide latitude for serving allied visual problem areas
i within the Army, such as surveillance, target acquisition, and

remotely piloted vehicles (RPVs).

2. eris f the V

Key VFRF features include the following:

o Wide angle visual display of the external world suitable for
psychophysical 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 devices,

e« 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:

« Control and repeatability of system parameters (including
displayed image resolution, brightness and contrast levels,

controlled flight compartment illumination etc.),




« Multiple levels of parameter control,

« Comprehensive interrelationship of parameters,

o Wide scope and latitude of potential studies,

« Flexibility of utilization,

« Comprehensive performance measurement (behavioral and phy-

sical) and data recording/reduction capability.

3. NOE Flight Functions and Characteristics, and Related Visual Effects

The VFRF design will incorporate sufficient flexibility to permit
simulation of a broad range of NOE missions. In the course of
various mission-related experiments, flight crew functions subject
to measurement and evaluation shall include:

« Basic pilot NOE flight operatlongl)

;Iggluding terrain and obstacle avoidance,
hover, and special flight (including pop-up maneuvers)y

« Copilot/navigator/wWSO functions, including terrain surveil-

lance and navigation, target search, acquisition (at near recognit- £
ion thresholds)-- :
A 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.

Flight characteristics associated with the above NOE missions

can be typified as follows:




« Flight altitudes typically at and below tree-top level;

« Flight velocities ranging from zero (hover) to approximately

) 100 knots (maximum daylight conditions);

} « Frequent azimuth heading changes and unlimited freedom in

azimuth;

| « Frequent angular accelerations of short duration in roll

and pitchs

« Nominal maximum attitude change of 245° in roll and #5° in

pitch;

« Translatory motion effects primarily sensed as vertical accel-

erations/decelerations of relatively low level;
« NOE flight path length typically of 25 kmj

« NOE flight duration typically of 20 to 40 minutes.

Related visual effects associated with the above NOE missions
are characterized by:

¢« Relatively short viewing ranges;
. Large visual field of view (instantaneous and total):

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

ability;

« Intense visual concentrationj

« High angular velocities of the viewed scene (especially on

nearby peripheral objects);




Frequent noncorrespondance between the visual line-of-sight
and the flight vector;

Significantly reduced visual cues —— —— with lower

illumination levels;

Criticality of depth and distance judgement;

Limited time for reaction.




4, General VFRF Requirements Summary

To simulate the task environment with adequate fidelity to support the
defined research and experimental objectives, the following general require-
ments for the VFRF system can be stated:

. The displayed windscreen scene will be responsive to, and coordinated

ch‘g.‘ee, o b freedomn
with, pilot control movements in 6DOFL
. 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.

. Special E-0 sensor display image gsource(s) will be provided with an
additional 2 DOF beyond the helidopter's 6 DOF to simulate attachment
to the exterior of the helicopter body. These additional degrees of
freedom will be in azimuth and elevation for,

5 and surveillancd

Gstabilized LOS trac ingy functions.

. Pilot and copilot/navigator/wso studies will be conductable independ-
ently or in coordination. Simplified flight control functions and
simplified navigation criteria will be available to permit non-flight
qualified operators to perform basic NOE flight functions in support of

tests conducted on qualified operators.

. Typical crew coordinated NOE missions will extend for a 20 to 40 minute
time period, with a desired total time of simulated flight of 90 minutes.
A nominal one hour of this time preceding the NOE phase may consist of
precision maneuvers at higher altitudes, under IFR conditions in simu-

lated clouds or other adverse weather.

//
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V. VFRF CONCEPTUAL DESIGN AND TRADE-QFF STUDIES

Overall system level and major subsystem level conceptual design and trade
studies were conducted during this program phase in arriving at the recommended
general system approach best suited to meét the defined research requirements/
objectives, and the combination of principal subsystem approaches which collect-

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

system concept.

The following summary subsectians, (1) identify the basic visual flight
simulation system concepts considered, (2) describe the principal factors involved
in selecting the terrain model approach as the preferred method, and (3) identify
the principal terrain model sy;tem options which were evaluated --these being
formed by various combination3 of subsystem configurations. These areas are

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

and trade study sections.

1. Candidate System Identificgtion

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

s
»
|
¢
|
g
b

jons 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 complex, 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) --Still and cine type projectors;

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

e ——— e




. Terrain model system -- Optical probe/TV camera pickup;

. Large scale computer generated imagery (CGI) system.

2. System Level Trades and Recommended System Approach

The system candidates were evaluated with respect to four major criteria:
. Experimental capability

. Implementation complexity

. Implementation risk

. Implementation cost

While generally satisfying the latter three evaluation criteria, both the
film system and the transparency system candidates were found to have serious
drawbacks from the standpoint of providing adequate experimental capability.
Bach of these candidates effectively satisfied only one out of the group of NOE
mission-related flight crew functions identified for measurement and evaluation
in the VFRF. This factor was considered sufficient reason to eliminate them from
detailed consideration.

Of the remaining two candidate systems, the terrain model concept, while
far from simple in terms of actual hardware implementation, was still considered
less complex, lower risk, and of lower cost than the CGI approach (based on the
use of a truly flexible CGI system with very large edge generation capability
required to provide adequate image realism on the wide UV windscreen display).
Accordingly, the terrain model system concept was selected as the most cost ef-

fective VFRF approach.

5. VFRF Terrain Model System Options

Subsystem analyses and tradeoffs specific to the terrain model approach

produced a potentially large number of candidate system configurations when the

/3
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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 potential,
plus gross cost, complexity, and development risk factors, the number 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. Also, major system elements common

tc all four candidates are identified.
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VI. VFRF SYSTEM CONCEPT SELECTION AND DEFINTTTON

| This section summarizes the criteria employved jointly by
ARI and Martin Marietta in the

aASelection of the recommended basic VFRF system option

‘ (from the four candidate approaches--see Table /7 ) and

then identifies the recommended concept. This is followed

by a summary of basic system characteristics and key
interfaces, with emphasis on visual aid devices for pot-
ential use in low light level NOE flight recsearch.

1. Selection Criteria

7he previous section T___— discussed A4« system-related

.

< criteria used in arriving at the

four terrain model-type system options considered for the
basic VFRF design. Therefore, this section purposely is
limited to a discussion of those selection criteria
specific to these final four options. The principal
criteria wused were as follows:t

a. Range of NOE Vjisual Research Tasks_ Permitted--The
selected system concept must have sufficient capability
to allow the conduct of pilot-oriented, of copilot/navi-
gator/WSO-oriented, and of various levels of coordinated
NOE crew visual flight rescarch tasks.

be Ability to Perform Hiph Priority NOI Visual Flipht

Research-=~Evaluation of aircrew night vision capability

in the simulated niphttime NOK environment, and methods
of improving performanee and increasing, survivability,
are currently among the most critical NOii problems which
can be addressed in visual flipght research.

c. Psychophysical Validity of Windscreen Display Imapery--

A windscreen display capability is required which will per-




mit the conduct of valid psychophysical experiments; that is, tests 17
that can be expected to produce results which will approximate
the visual performance levels achieved in the real world,

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

tially impact development risks, development costs, and develop+
ment time. Since early availability at moderate cost is of con-
siderable significance in this program, selection of state-of-the-
art approaches is considered very important.

e. Task loading Realism=--The crewmember(s) under test must be

f subjected to appropriate NOE flipht task loadings in order to val-

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

in operational procedure, etc.

2. System Ratiness and Recommended Basic VFRF Svstem Concept

A qualitative evaluatrion method was used in arriving at the

recommended system approachs Table 2 summarizes the ratings

on the four options . based on

the above-defined selection criteria.

(1)

On the basis of these ratinps, System Option #4 was
selected as the most cost-effective approach to accomplish an
acceptable range of high priorvty, niphttime NOF visual-related
research tasks, with acceptably low risk and in the earliest

time frame.

3. Basic VFRF Svstem Characteristics and Functional Interfaces

Figure 4 ° is a functional diagram of the selected basjc
VFRF system concept. This diagram reflects the results of the

) (Pr. mary Operv for ém,wrfmeﬁf)
(1) Sinple operator in the Experimental Statiom, and second

(s econdary CRerafor Com oor ¥ rment )«- -
operator located at remote crewmember statiomn Employs a mono-

chreme, night-onlv imape peneration/windscreen display system.
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subsystem trades and supporting analyses included in the Technical
Supplement
AaS well as the system option ratings given immediately above.

The selected system concept permits extensive research on

nighttime NOE visually-dependent tasks:

o Primarily involving the pilot--including 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 tarpets (using visual aids).

0o Coordinated crew tasks--including various directed-NOE

flight functions.

The system desipn provides the capability to evaluate the
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 satisfy the basic VFRF functional and performance
requirements outlined in Section TV is given below.

The principal system functional areas Jepicriec’ 1m0 Figuve ¥
are: Primary Opecrafor Cormpanrtment | Sccomcdary Ooenrc fon
Compartmempmt, Tesit Statron <omplex , Limage
Generation, and Tmage Presentation. The latter two functional

( from a physical herdware s/andpoint
areas Con 6@ recombined p to form two major system
elements--windscreen visual display system and special (simulated)

v 1500/
I-0 sensor,display system.

20
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a. Visual Display Systems

These svstems are designed and interfaced to function in the
following manner:

Simultaneous and separate generation and presentation of two

monochrome
sets of simulated real-world imapery--wide FOVpnighttime windscreen
displayed imagery, and variable FOV displayed imagery (also monochrome)
capable of simulating the output of special E-O sensor aids
(prinecipally ILLL-TV and FLIR)--are accomplished by the use of two
terrain model/optical probe type systems. These systems produce
precise, coordinated, translatory movements (X,Y, ‘and Z--/ong tude,
/atitrude 5 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 board), model illumination, wide FOV optical
probe, monochrome TV camera pick-up, gantry/servo-controlled transport,

electronic processor(including special effects generation--meteoro-

lopical type), —— and collimated virtual
image type windscreen display. With overall Test Station integration
and control, this system is designed to cause the windscreen display

to properly respond to the pilot subject's flight contrbl commands

AN SO RTRY.. M \SUATE Ay
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in all six depree: of freedom (DOF). kffectively, the operator is

provided with nonprogrammed, simulated helicopter flight capability
in three-dimensional space. He accomplishes this simulated f1light
by remotely controlling, via the computer interface, the position
and pointing of the windscreen probe relative to its associated

Or /n some cases, Swrplifred
terrain model--using normal,helicopter flisht controls.

When the simulated K-0 sensor system control is switched to the

"uncaped" mode, the test subject has the freedom to remotely control--

by use of a manual track stick, of by use of a servoed helmet sjpht--
E-0O
the pointing of the simulated,sensor axis in pitch and vaw, indepen-

dent (within specified design limits) of the simulated attitude of

the helicopter airframe, as denoted by the scene orientation presented
on the windscreen display. In this mode, the special sensor unit
(probe) is "decoupled" from the airframe simulated roll motions, thus
providing the effect--on the special display(s)--of roll-stabilized
sensor operation. The sensor FOV size also is selected by the
operatdr as a function of the particular task being performed(e.p.,
terrain avoidance, target search, tarpet acquisition/reoonnition
etc.).

From Figure ¢ it is seen that the simulated !1-0 sensor aid

visual display system is composed of the following subsvstems: the
second 3-D terrain model (dimensionally "identical" to the windscreen
model board), model illumination, variable FOV oprical probe, special
monochrome TV camera pickup, nantry/snrvdbonrrn11od transport,
electronic processor (including special effects peneration and
specialized sensor sipgnal processing), and special displavs. As in

the case of the windscreen visual display system, the Test Station

___—-.—__ \
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provides intepgration and overall control of the special k-0 sensor
visual display system functions. Figure S5 identifies the hardware ftems
associated with the basic VFRF system layout.

From the review of principal elements comprising the two visual
display svstems, it is evident that most of the corresponding elements
perform similar basic functions within their particular system.
However, their detailed requirements and resulting characteristics
(both physical and performance) are substantially different--the
princinal exceptions being the terrain models, from the standpoint
of dimenasional and model configuration similarities, and the gantry/
transport subsystems (except in those characteristics affected hy
the weisht differences between the two probe/TV camera pickup
subsvatren confisurations). Therefore, the summary system character-
istics, subsequently provided, note the principal areas of commonality
between the two visual display systems and also the 