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FOREWORD

This report is submitted to the Naval Air Development Centar,
Warmineter, Pennsylvania, 18974, by Martin Marietta Corporation, Orlando
Aerospaca, in response to CDRL A0)2 of Contract N62269-80-C-0346,
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1.0 INTRODUCTION

The United States Marine Corps is presently developing and evaluating
design requirements for a Helicopter Night Vision System (HNVS) effort to

~improve transport helicopter low-level night and reduced viasibility capa-

bilities. State of the art forward looking infrared (FLIR) systems make it
possible for transport helicopters to conduct missions under conditions
that would normally preclude operations.

. ‘The transport mission requires the transport helicopter to fly at
extremely low altitudes at the highast speed possible. Pilots must also
approach and land in unimproved landing zones. Psrsonnel and equipment
must be quickly off-loaded because the aircraft must depart to permit land-
ing of the remainder of the formation, The mission must he accomplished
day and night and in adverss weather conditions,

The HNVS concept, as shown in Figure 1-1, is centered on & FLIR
mounted oh the forward ssction of the assault helicopter, The FLIR imagery
is provided at panel mounted displays (PMDs) or helmet mounted displays
(HMDs) for the pilot and copilot., The total system will be designed to
anable the mission to be performed safely with a minimal workload for the
pilot and copilot., The FLIR will permit the pilot to operate under condi-
tions of total darkness. Flight symbology is super-imposed on the FLIR
imagery to minimize the pilot's and copilot's scan patterns, 1In addition,
support avionics such as a self-contained navigation system, radar alti-
meter, aircraft transducers, central computer, and control panals are also
raquired,

Preliminary system analysis and definition was complated prior to
initiation of this simulation effort and was presented in OR-0930-AW,
"Operational Requiremants, Helicopter Night Vision Systems," dated 12 April
1977, and "Operational Effectiveness Analysis for the Helicopter Night
Vision System," dated 30 September 1978, Phases I and Il of the CH-53
Night Vision System Simulation were completed, and tha results are reported
in References 3, 4, and 3,

1.1 Objective

The current evaluation, Phase III, was conducted in accordance with
the plans described in the HNVS Simulation Test Plan Task Report (Reference
7). ‘The objective of this evaluation was to conduct a simulation program
to obtain human factors data relating to the conduct of low-lavel Marine
transport helicopter operations using night vision sensors, These data are
to be used as inputs for the design of a candidate HNVS and to formulate a
data base for additional definition and verification of the HNVS concept
through planned flight tests.
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1.2 Scope

Prior simulation evaluations (Referericas 3, 4, and 5) have addressed
human factors issues and sensor requirements with ragard to sensor imagery,
symbology formats, navigation and landing aids, failure modes, cockpit
procedures, integration of cockpit controls and displays, and the effect of
these on aircrew workload and performance. These evaluations concantrated
primarily on basic system design parametera and aircrew interaction during
the enroute portion of the transport mission. Results of Phase I and II
evaluations indicated that a gimballed sensor, Doppler navigation system,
and single POV vere required to complete the enroute mission requirements,
Substantial changes in symbology were introduced as a result of pilot cem-
ments and performance, These configuration and symbology changes served as
the baseline for the current evaluations,

This research outlines the present simulation evaluations that further
expand, verify, and rafine the data base to include the approach and land-
ing phase of the mission. The program coneisted of a simulation hardvare
and software development phase, a checkout phase, and three experimental
evaluations. These evaluations, described in datail in sectiou 4.0, were
conducted in ascordaace with the following schedula:

1 Approach and landing: symbology; 10 January to 22 February 1981

2 Approach and landing: FOV; 27 February to 26 March 1981
3 HMD-PMD evaluation, with CDIJ; 24 April to 8 July 1981,
Mg PLIR
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Figure 1-1. HNVS System Concept
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2,0 SIMULATION HARDWARE AND SOFTWARE DEVELOPMENT

A nunber of developments in simulation hardware and software were
required to accomodate the evaluation requirements. Rach of the develop~
ments is discussed separately below, . R

The CH-53D cockpit constructed under contract N62269-79-C=0317 was
used for this simulation. The complete Government furnished equipment
(Gre) list {s shown in Appandix A. The exterior view of the cockpit is
shown in Figure 2-1, which depicts the mounting of the cockpit on the six-
degres-of-freedom motion base. The instrument panel, shown in Figure 2-2,
vas configured in accordance with NADC drawing TR21733-B: The cockpit
lighting is in accordance with NADC cockpit lighting mewo of 28 August
1980. The center console was configured as shown in Figure 2-3, A helmet
wounted Aisplay and sight system, describad in section 2.3.4, was installed
in the cockpit., Additional cockpit wiring was installed to accomodate the
nav cockpit configuration.

2.2 Asrodynamic and Plight Control Modal

The spacial purpose rotorcraft pimulator (SPURS) is a full force and
moment simulation of the CH-53D helicopter valid over the speed range from
spproximately 30 knots rearward flight to forward airspesds in excess of
160 knots. The avtomstic flight control system (AFC3) is modelled on
analog computers and containe the stability augmentation system (8A8) and
outer loop attitude and heading hold modes.

2.3 Controls and Displays
2.3.1 Controle k

Significant changes from the Phase I and II cockpit configuration ware
made in the center console contrxol functions., The HNVS and Infrared Detec-
tion System (IRDS) control panels available during Phase Il ware replaced
with new units. A Helicopter Integration Systeam (HIS) Fail panel and two
Nevigation/EBlectronic Attitude Director Indicator (NAV/EADI) panels were
added, These new panels are presented in FPigures 2-4 through 2-7 and in
the center console (Pigure 2-3). The cyclic and collective controls are
identical for pilot and copilot oparation and are shown in Figures 2-8 and
2-9, All switch functions are as lubeled on these drawings and their
interaction in the simvlator was specified in the NADC document (Reference
1) evrept for the "Hover Position" switch on the cyclic stick grip (Figure
2-8 , This switch is used to enable and update the hover position symbol
{numbsr 14A in Pigure 2-11).
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Figure 2-3, Center Console
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2.3.2 Sumbology

The symbol generator for the Rlectronic Attitude Director Indicator
(EADI) provided the primary source of flight and seneor data presented to
the pilot on the PMDs. The EADL providad the aircrew with piloting infor-
mation as well as seneor dats. Independently controlled PMDs were provided
for the pilot and copilot. Mode control for these displays was provided by
the pilot and copilot NAV/EADI control units. The incerface requirements
for the symbol generator software and related EADI display paramaters weras
specified in Reference 1, ' :

Figures 2-10 through 2~13 show symbology formats on tho pilot and
copilot PMDs,

2,3,3 Control Display Unit (CDU)

The CDU (Figure 2-14) used in the simulation was the primary man-
machine interface for navigation initialisation and wode control, The CDU
consists of a CRT display, master function switches, line keys, and an
alphanumeric keyset, The CDU enabled the copilot to view sither the
results of alphanumeric funstlonal inputs or a tactical plot showing fly-
to~point data, reference points, and aivcraft position along a projected
courss, The flight plan, as shown in Figure 2=15, contains two pages of
five fly=to-points (FTPs) each and ona page of raference points, The line
keys of the flight plan Lpclude functions to capture and delete an PTP or
landing zone, entry of new points, or designation of & new landing sone,
The CDU tactical map (Figura 2-16) is configured according to the PTP and
reference point coordinates in the flight plan file, The display scale
range can be decreasad or increased by the operator. A heli{copter symbol
marks the helicopter position and travels from point to point with refer-
encea to the flight corridors, The display of the direct=to navigation
function {s similar to the flight-plan (Figure 2-13) with the message
"DIRECT TO" on the bottom of the screen, This function provides guildance
when deviating from the preprogramed flight plan.

2.3.4 Helmet Mounted Display (HMD)

A HMD system was installed in the cockpit., The Integrated Helmet and
Dimplay Sight System (IHADS8S) is shown in Figure 2-17, The sight deter-
mined the pointing directions of the pilot line of sight (LOS), and the HMD
provided the pilot and copilot with the collimated video displays. Tha
IHADSS warp used to slave the HNVS sensor to the pllot LOS and display the
HNVS imagery to both pllot and copiloc HMDs., FPFigure 2-18 shows the IHADSS
control panal,

To provide the pillot with neaded aircraft reference during sensor
operation using the HMD, the sensor pointing symbol represented the nose of
the alrecaft ralativa to the pilot's LOS, This was used only on the HMD
and tha svymbul moved relative to the pilot's head movements. Remaining
symbology, from that available on the PMDé, was unchanged.
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SYMBOL NAME

AIRCRAFT SYMBOL
HORIZON/PITCH BARS
RADAN ALTITUDE (ANALOG)
RADAR ALTITUDE (DIGITAL}
VELOCITY VECTOR

IR SENSOR

TCRQUE
QROUNDSPEED/AIRSPEED
AIRCRAET HEADING

0 NAVIGATION STERRING

1 OISTANCI TO GO

2 ALTITUDE REFRRENCE BAR

13 V!NTIGAL SPEED

TIME TO GO

18 AIRSPRD NDICAT (ON
17 POINT OF INTEREST H
1 mwnmnmnumoucuon ©)
19 COARIDOA BA

< 1 AT 3 ¥ X 1 Eod

-
o

Figure 2-10.

Flight Symbology Format

SYMOICL NAME

AIRCRAET §YMHOL
HORIZON BARB

RADAR ALTITUDE (ANALOG)
RADAR ALTITUDE (DIGITAL)
IR SENSOR

ToRrQUE
GROUNDSPRED/AIRSPEED
AIRCRAFT HIADING

10 NAVIUATION ITIIRINO
" DIITAN

12 POBITI IO

n VlﬂTlOAa Ll

MU TO
18 AIRSPEED INDICATION
17 POINT OF INTEREST
18 HOVIR VELOCITY dﬂ

LY AT ¥ Y -

19 HOVER ACCELERATION
Figure 2=-11.

.

Hover/Transition Symbology Format
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SYMBOL NAME r

AIRGRAFT SYMBOL
HORIZON/FITCH BARS
RADAR ALTITUDE (ANALOG)
NADAR ALTITUDE (DIGITAL)
YELOCITY VECTOR
IR SENSOR

TO%OUI \
GROUNDSPEED/AIRSPEED
AIRCRART HEADING \
NAVIGATION lTollRINO \

e add - N T]

(-2

13 VERTICAL SPEED

18 TIME TO 00

18 AIRSREED INDICATION H

17 POINT OF INTEREST @

18 WINDOW BOX AEFERENGE e
BRACKETS ®

CD\-\_"—:'C;'.‘-

30 333

Q0
[
®

.

SYMEOL NAME
AIRCRAFT §YMNOL >

1

3 RADAR ALTITUDE (ANALOG)

4 RADAR ALTITUDE (DIGITAL)

§ In SENSOR

7 YOWQUE

1 QROUNDIPIRD/AINSPRED

9 AIRCRAFT HEADING

10 NAVIGATION STEERING '

11 DISTANCE TO Q0

13 VERTICAL $AERD
TIME TO QO

16 AIRSPMIED INDICATION

17 POINT OF INTERIST 6“

19 HOVER DRIFT
19 HOVIER VELOCITY

\—

Figure 2-13. Hover Meter Symbology Format
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Figure 2~18, THADSS Control Panael

2.4 Simulation

A1l simulation work was performed at the Simulation and Test Labora-
tory (8TL) Man-in-the-Loop facility, This facility ls fully described in
"Final Cockpit and Software Preparation Task Report," OR 15,647-2, dated
March 1981 (Refarence 2).

The terrain model, as shown in Figure 2-19, was modified with remov-
able overlays to fucilitate the approach and llnding studies. Definitive
landing zones and appropriate enroute sections of the terrain board wera
reconfigured from a 1200:1 to a-240:1 ecaling factor to provide for lower
flight levels, sensor usage data, and precise maneuvering capability in
confined landing areas, This improvement allowed realistic visual presen-
tations down to approximataely 25 feet sbove ground level., The highly
datailed scale required a higher pilot workload to precisely maneuver the
aircraft than has been experienced in previous simulations. This higher
workload was experienced in the pilot's requirement for increased attention
to piloting tasks. The confined landing sonas required exact piloting
maneuvers to land on the prebriefed touchdown point, The additional real-
ism forced the subject pilots to increase thelr airspeed attention as com-

pared to previous simulations.
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The landing gones shown in Figures 2-20 through 2-22 representad an
unimproved landing area, a& slightly improved area, and an embassy compound.
Additional landing areas included apen fields and small forest clearings at
the 240:1 scals.

2,5 Bystema Checkout

The systems chackout activity validated the simulation. Test pilots
from the Naval Air Test Center flaw simulated missions and evaluated simu-
lator operation and fidelity. This checkout served as inputs for simula-
tion woditications.

o

el

Figure 2~19, Terrain Model

Figure 2-20, Unimproved Landing Zone
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3.0 FACILITY DESCRIPTION

3.1 General Description

The Man-in~tha-Loop simulation system facility supported the CH-33D
HNVS program. It consisted of the following major elements:

Hybrid computing system
Motion base system

Translational system optical probe

I= jw I -

Television system

s

Programmable display generator (PDG)
¢ Goatrol loading system.
3.1.1 Hybrid Computing System

The simulation was contvolied by a hybrid computing system, consisting
of two Sigma 5 digital c¢omputers, three EAI 231-RV analog computers and
appropriate instrumentation, and interface aud peripheral equipment. The
computer arrangement controlled the serodynamics, processed position com-
mands to the sensor probe and TV, handled operational mode logic and
switehing functions, generated commands to position symbology on the visual
displays, and stored performance data.

The simulation program used the SPURS developed by Paragon Pacific,
Inc. This unit was designed to model helicopter aerodynamics and was con-
figured to simulate a CH-53D aircraft. The pilot's controls were input to
s primary flight control model and augmented with SAS and AFCS models.
These were input as the swash plate commands for the main rotor, the col-
lective pitch of the tail rotor, and engine controls.

3.1.2 Motion Base System

The motion base system provided a means to move the cockpit in six
degrees of freedom as commanded by the pilot-actusted flight controls. It,
in turn, provided scceleration cues to the pilot #e the aircraft was flown.
The motion base drive equations were modelled on two analog computers.
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3.1.3 Translational and Optical Probe Systems

Tha three-dimensional terrain model and its motion relative to the
optical probe system provided the pilot with visual translational cues via.
cockpit displays. The model was moved along a rail system perpendicular to
and under a vertically uctuated beam providing the longitudinal and verti-
cal movement of the airvcraft. A carriage supporting the optical probe was
moved across the baam to provide the lateral aircraft movement, The opti-
cal probe, in turn, provided the three angular degrees of freedom of air-
craft movement. The translations, velocities, and uwccelerations were
scaled according to the terrain model scale of 1200:1 with a minimum scaled
altitude of approximately 125 feet or 240:1 with a minimum scaled sltitude
of approximately 25 feet.

3.1.4 Television System

A 525 line high resolution, monochrome camara system was usad with the
optical probe to provide the pilot with a view of the terrain as the air-
craft wes controlled. It provided two FOVs, 50 and 25 degredi. White hot
IR imagery was generated by reversal of the normal video signal.

3.1,5 Programmable Display Genserator (PDG)

A PDG was used to generate symbology for the cockpit dieplays. The
PDG generated two independent raster diaplaye (pilot and copilot), which
were then mixed with the 525 line television signal containing the scene
video, The symbology was available in either a white or black format, and
the intensity was controllad from the cockpit. Tha PDG was interfaced to,
and controlled by, tha S8igma 5 digital computer for dynamic movement of the
symbology as the pilot commanded the airgraft,

3.1.,6 Control Loading System

The contrnl loading system reproduced the pilot's flight control
forces ior the simulator cyclic stick and pedals, This system was a three-
axis unit providing pitch and roll eyclic stick and rudder pedal forces.
The trim system permitted either beeper trim or trim release from the
cyelic controls. The pedals ware outfitted with pedal switches for inter-
action with an APCS heading hold function.

3.2 Simulation Facility Limitations

The simulation facility visual parception attitude limitation of
approximately 125 feet at the 1200:1 scaling factor was improved after com-
pletion of the Phase IT experiment. This 1200:1 scaling factor provided
mountainous terrain to traverse during Phase II data runs and was adequate
for fast moving, higher flying, fixed wing simulations. At slower heli-
copter speeds and at much lower altitudes, however, the 1200:1 escale factor
provided less detailed terrain relief and less obstacle avoidance feedback
requiremants because of the heavily concentrated forested areas thsn would
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ba expected in a real world mountainous and forested contour flight envi-
ronment. This visual perception altitude limitation was improved by remap-
ping the terrain model surface and incorporating enroute highly detailed
240:1 model overlays and landing zones. This scaling factor was designed
specifically for helicopter simulations and provides a realistic, low alti~
tude, highly detailed flying environment. The visual parcaption altitude

limitation was reduced to approximately 25 feet above ground lavel (AGL),
the heavily concentrated forested areas were replaced with strategically
placed, individually detailed trees (averaging approximately 80 fest in
hoights. and high workload, realistic landing zonas were developad. .
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4,0 EXPERIMENTAL DESIGN ﬁf
4,1 Introduction

r Prior simulations sddressed basic system configuration issues. In the
o Phase I evaluation, it was determined that & self-contained {Doppler) navi-
gation system was a requirement for the mission, and several refinements
vere made in display symbology (References 3 and 5). 1In the Phase II eval-
uation, recommendations were made regarding the need for a gimballed sensor
and a singla FOV (Refarences 4 and 3). Other recommendations ware made
with regard to symbology changes, display changes, and crew training
adjustments. ‘These findings are reported in detail in the final report
(Reference 5).
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The sinulation data conditions required the person sitting in the
right seat of the cockpit to always ba the pilot in control of flying the
aircraft, The person in the left seat wae always the copilot/navigator.
In discussions of the procedures and research results, this condition must
be considerad. All of the participants were opsrational Fleet Marine
pilots, but crews were comprised of designated pilot and copilots with all
participants having equal participation in both roles.

P

4.2 Approach and Landing Symbology Evaluation

To determine the effects of symbology on crew performance during
approach and landing, four symbol sets were used. The flight symbology set
developed during Phases I and II and modified for the flight test aircraft
was used as a baseline symbology format; the hover/transition symbology
(hover) set including hover vaelocity vactor and acceleration cue; the win-
dow box symbology set; and a cross hair symbology (hover meter) set simi-
lar, except for sensing reversal, to current hover indicators used on
Doppler~configured Navy helicopters, Thase symbology sets are shown in
Pigures 2-10 through 2~13 in section 2,3,2. Each symbology set was eval- 1
usted in landing zones with four levels of difficulty based on zone dia-
meter. The largest landing zone (level 4) equalled 4.5 rotor dismeters or l
more, the level three zone was 3.5 to 4.4 diameters, level two was 2.5 to
3.4 diamaters, and the smallest landing zone (level 1) was 2 to 2.4 dia- ' ’
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meters. The evaluation consisted of a 4 by 4 study or 16 treatment combi=
nations, To reduce variance and increase sansitivity, a repeated measures
do;jgn was used, Varisbles wers examined with 12 Fleet Marine pilots as
sub jects,
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A Greco Latin Square design allowed order effects to be evenly dis-
tributed across all subjects and treatments, Treatment combinations
resulted from the data watrix in Pigure 4-1,
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Figure 4-1. Experimental Matrix for Approach and Landing
‘. 5 Symbology Evaluation
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4,3 Approach and Landing Field of View Evaluation

Three traatment FOV conditions were used to determine their effect on
per formance during approaches and landings, The FOV treatments were: wide
(50 degrees), narrow (2% dagrees), and dusl (50 degrees and 25 dagress
under pilot control). Each FOV was evaluated in landing sones with the
same four difficulty lavels. The symbology set found most effective in the
lymbolofy evalustion was used throughout this portion of thae study. The
evaluation required a 3 by 4 study or 12 treatmant combinations. Again, a
vepaated messures design was used, Eight Flest Marine pilots were used in
:hlu evaluation. The data matrix for the FOV evaluation is shown in Figure

'2.

4.4 Approach and Landing PMD-HMD Evaluation

To detarmine the effects of display combinations on crew performance
during approach and landing, thres treatment conditions were tested: pilot
and copilot using PMDa, pilot uaing an HMD and copilot using PMD, and pilot
and copilot using HMDs. Each combination was evalusted in landing zones
with two difficulty levels. The large sone was 3,5 rotor diameters (dif-
ticulty level 2) or more, and the small landing sone was 3.4 rotor dia-
maters or less (difficulty level 1), The evaluation required a 3 by 2
study or 6 treatment conditions. Twelve Fleet Merine pilots participated
{n this phase,

The data matrix for this evaluation is shown in Figure 4-3, Again,
treatmant combinations were counterbalanced through a Greco Latin Square.

4.% Enroute PMD=HMD and CDU Evaluation

The anroute e«valuation was conducted at the 1200:1 scale in an etfort
to determine the effects of display combinations on performance during low
level flight on longer routes requiring substantial navigation workload.
An enroute course change was addad as a variable to examine the difficulty
of inserting a change in the route midway in a mission. 'Two route changes
ware included (hard: mountainous terrain; and easy: flat terrain), This
evaluation required a 3 by 2 by 2 study, and Figure 4=4 contains the data
matrix. Tha 12 pilots used in the approach and landing HMD/PMD evaluation
participated in this evaluation., Random conditions were used such that
pilots could not predict course changes, Order effects were controlled
through use of a Greco Latin Square,

4,6 Virtual Head Up Display (HUD) Evaluation

It wan anticipated that copilots might find it objectionable or become
disorientad with the HMD continually presenting the sensor imagery as the
copilot scanned {nstruments inside the coockpit. Consequently, a vir:ual
HUD presentation was included. As the copilot turned his helmet away from
a 30 by 40 fnch window located straight ahead, the image moved off of the
HMD as {f he ware looking at & stationary HUD, The experimental designs
wers idantical to those in sections 4.4 (approach and landing) and 4.5
(enroute) with thae treatment conditions being pilot HMD and copilot PMD,
pilot HMD and copilot HMD, and pilot HMD and copilot HMD with virtual HUD.
This evaluation used four Fleet Marine pilote,
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DigPLAY
CONFIQURATION

LANDING ZONE 8IZE (DIFFICULTY LEVEL)
1 3 3 4

NARROW

HELD OF VI
TREATMENTE  WiDE

DUAL

Figure 4-2, Experimental Matrix for Approach
and Landing FOV Evaluation

LANDING ZONL 8128
{DIFRIGULTY LEVILL)
1 2 N '
PMD.PMD
Figure 4-3, Experimental Matrix
HMDMMD for Approach and Landing PMD=HMD
Evaluation
HMD.HMD
nnno/ /
ROUTE
AsY
PMD.PMD /
DISPLAY Y /
CONMQURATION  TMDFMD /
HMO-HMD

ROUTE NO RouTl
CHANGE CHANGE

Figure 4=4, Experimental Matrix for Approach and
Landing PMD-HMD~CDU Evaluation
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4.7 Side Studies

Time permitted examination of several HNVS issues in addition to the
primary research, These studies did not warrvant full scale factorial
treatment.

4,7.1 Radar Altitude Analog Scale

Several pilots in the pravious phase had indicated a desire for
changes in the radar altituds analog scale and digital readout at low alti-
tudas. The purpose of this study was to determine the usefulness of remov-
ing the analog scale while using the hover symbology, and moving the digi-
tal readout to the midsection of tha right hand side of the dilpll{{ The
digital readout was in units of | foot below 25 feet. Four Fleet Marine
pilots evaluated these changes.

4,7,2 Landing without Simulated Crew Chief

On actual operational missions, especially night landings, pilots are
assisted by their crew chief in positioning the aircraft in the landing
zone, Crew chiefs verbally advise the pilot to move forward, backward,
laft, and right until rotors and tail are clear of obstructions and landing
may be safely completed, In the approach and landing studies, the experi-
menter usad a separate display to determina aiveraft position in the land-
ing %one. With this information, the experimanter was able to provide the
subject pilots with the same verbal cues as those available from crew
chiefs in an actual mission.

It was theoriged that the simulated crew chief would reduce pilot
reliance on symbology during landing. Therefore, pilots were foiced to
land in the smaller landing zone without the aid of the simulated crew
chiet, using only the gimballed ssnsor and symbolic information, These
landings were observed to define the exteant of sensor fesdback given and
the effects of symbology on landing. Four Pleet Marine pilots were used in
this evaluation,

4,7.) B8ymbology Attitude Sized to the 30 Degree Fiald of View Imagery

The purpose of this study was to determine what effects, if any, siz-~
ing the symbolic horizon and piteh ladders to the wide FOV would have on
pilot ability to perform the mission scenario. The pitch ladders repre-
sented 5 degrees and 10 degreas, and the horigon indicator was placed on
the infinity horizon of the image., Agsin, four Fleet Marine pilots parti-
cipated,

4,7.4 vPartial Ground Stabilised Sonsor versus Aircraft Stabilised Sensor

It was theorized that stabilizing the sensor relative to the ground
would reduce crew disorientation, especially during the final landing
approach. The sensor for the ground stabilised mode was decoupled in
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pitch but remained with the aircraft in roll and yaw., The pilot or copilot
could command the sensor mode when the sensor was at the desired pitch
angel by depressing the stabiligation switch on the HNVS control panel
(Figure 2-4)., Four Fleet Marine pilots were used in this study.
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5.0 BXPERIMENTAL PROCEDURES
5.1 Preliminavy Briafings

« Pilots wore glveu an 811 oriancutton. a system briefing, and an
experinental briefing. These brielinps provided subjects with genural
tacilitiea ‘uformacion, simulation background, and experimenzal procedures
and tequirements, Additlonel information included ceckpit control fune-
tiona and symbology definitions end uses.  Aftez the Sriefiugs, pilots
raneived a fuciljties tour and hlﬂdt*on instruceion: in the euckpie regard~
ing controls and |ymbu}ogy, :

o ”
0 i

*he wubjnat pilota ware roquxr-d to aunim*lata a luwaa qunnttty of

"highly tmchnical information.' The training was deeigned so. that the pilots
. obtained {nformation in .small amounte and were then allowed to practice
this information until they obtaiued a fouudation to facilitate further

learning. Preliminary training progressed in this manner until all neces-
sary information had becn bricfcd And pracciacd.

5.2.1 Controls and Symbology ' o ' f

The conference room briefing included a handout of the control locl-
tions and functions plue symbology descriptions and functions, Pilot
ground school was provided to facilitate iearning prior to the cockpit
familisrization phasea, The hands~on cockpit familiarigation allowed time
to go over the handouty with the actual {nstrumentation. BEach pilot was
given approximately 20 minutes to manipulate the controls and see the
appropriate symbology functions.

5.2,2 Integrated Helmet and Display Sight Syatem (IHADSS)

Ground school for the IHADSS inaludad a description of the background,
purpose, aystem configuration, and boresight method. This description was
given after the STL tour and cockpit familiarisation. Pilots wera given
instructions on how to hovesight the IHADSS and cautions regarding handling
th. HDU . '

A representative from Honeywsll fit sach pilot with helmet liners. A
properly fitting helmet is essential to the HMD, and this was accomplishad
prior to flight training. The axperimentor assisted each pilot on initiae-
ligation of the system prior to the first flight.




5.2.3 Control and Display Unit (CDU)

Pilots were given general CDU information as well as a step-by-step
procedure for enroute course changes when applicable. The direct-to (DIR)
master function key was described in detail and pilots reviewed the proce-
dures handout prior to the first initialization. The CDU functions are
described in section 2,3,3,

5.2.4 Flight Training

In all evaluations, pilots were given training routes to fly which
used sections of the terrain model not used during data acquisition. This
minimized memorization of terrsin features in areas of data flights. The
pilot groups progressed through fixed and motion-base familiariszation
flights and finally to training flight configurations which mirrored the
data acquisition procedures. All experimental conditions in each evalua~
tion were counterbalanced throughout the training sessions to prevent sepa-
rate learning curves. Pilot learning was closely monitored to ensure
trainee understanding.

The pilots reached a point in training when they stopped learning con-
trol funetions, simulator oparation, mission requirements, definitions of
symbology, and other characteristics of the system, At this point their
leaarning curve began to level off and performance improvements were a func-
tion of practice rather than additional learning, Crash rates due to
erratic flight and misunderstanding of symbology and controls decreased,
and flight altitudes and speeds became consistent. Touchdown information
on drift and time also indicated improved performance. When all pilots in
the group approached their learning asymptote, as evidenced in their per-
formance, data collection commenced, This judgement was made by the
experimenter and test conductor,

5.3 Data Collection
5.3.1 Briefings

Befora aach session of runs, pilots were brisfed on the mission
scenarios, Pilots were given area terrain maps in the order they were to
fly them. The maps indicated routes with the checkpoints and landing zones
{dentified, Additionally, B by 10 inch black and white reconnaissance
photos of the landing sones with the inbound and outbound headings depicted
ware ptovided. Pilots were given time to study the routes prior to
Flight,

5.3,2 Procedurss

The approach and landing studies emphasised the terminal phase of the
mivsion and used the 240:1 scale., Each data run began 2 to 3 nmi from the
landing zons, Pilots wers Instructed to remain below 100 feat above ground
level (AGL) 90 percent of the time and fly at the fastest forward safe
speed. They navigated using two checkpoints, made an approach and landed
at the prebriefed location, 1ifted off and departed on an outbound heading.
The simulated crev chief assisted in the landing phase only after a pilot
verbal request and within 0,! nmi from the landing point.
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The enroute studies emphasized the navigation phase of the mission and
used the 1200:1 acale. Each data run began approximately 15 nmi from the
landing zone. Instructions were the same as in the approach and landing
studies regarding staying below 100 feet AGL 90 percent of the time at the
fastest safe speed. Pilots navigated using thrae checkpointe, made an
approach and hovered over the designated landing point, and departed on an
outbound heading, On preselected data runs, pilots were instructed (with=-
out warning) to divert to an alternate route.

5.3.3 Dpebriefings

The pilots participated in informal defriefing secsions at the con=
clusion of data run sets and completed extensiva debrief questionnaires
upon conclusion of the data sessions for all evaluations. The informal
debriefing sessions and quastionnaires were designed to obtain subjactive
information from the participants on relevant HNVS issues.
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6.0 PILOT PERFORMANCE RESULTS

The crew performance measures are showu in Table 6-I for approach and .
landing and Table 6~11 for the enroute phase, The approach and landing &
phase is concerned with the terminal portion of the mission and the enroute [

phase with navigation performance. The data discussed in this section i
refers to the performance measures established in these tables. 3 ’

L
! TABLE 6-1 i
N l ’ i
! K )
! Pilot Performance Measures for Approach and i !
i Landing Evaluation (240:1 Scale) i 0
( MEASURE JNDEX i 1‘
. 0 [ &
b ALTITUDE (AGL) MEAN i y
- , 1,570 0.0 NM ommu-non {10 FOOT INTERVALS) FE T
| i I FROM LANDING ZONE 07g u AN 1
' I GROUND $PEED L J ;
! 1,8 70 0,8 NMi DllTHI.UTION (1o KNOT INTERVALS) '
! FROM LANDING ZONE 0TO 130 KNOT i ]
i sENsoR FIALD OF REGARD MEAN Azlmum AND ELEVATION I I
NMI OISTRIBUTION (8 DEGREE INTERVALS) 'L I
' 38 Non O TOUGHDOWN : b
| . LIFTORE TO 1.0 NMI i
| FIELD OF VIEW PERCENT OF TIME NARROW AND WIDE 5,
| 1870 0.8 NMI PERGENT OF PILOT OR GOPILOT CONTROL ]
! 0.8 NMI TO TOUCHDOWN : £
= LIFTOKE TO 1.0 NMI il
: NARROW FOV GUMMANDS MEAN DIBTANCE i
, I 1.5 NMI TO TOUCHDOWN DISTAIBUTION (0.1 NMI INTERVALSI {
Co SWITCH ACTIVATION® ACTIVATION TIME (ECONDS) I
' HADIAL LANDING ERROH DISTANGE IN FEET FPOM SPECIFIED LANDING
! 8POT, PERCENT OF MAX ALLOWABLE ERROR :
l SETDOWN RATES VELOCITIER AT SETDOWN IN FT/8 .
' X (LONGITUDINAL AIRCRAFT AXI8 DAIFY) |
! Y (LATERAL AIRCRAFT AXIS DRIET) :
' Z (VERTICAL AIRCRAFT AXI3 DRIET) i
NUMBER OF CRABHES GROUND IMPACT '
TREES OR OBSTAUCTIONS 1t
LANDING TIME TIME {SECONDS) BETWEEN 0.8 MILE AND i
TOUCHDOWN l
| AIRCRAFT STATUS ‘ STATUSAT 0.1 NM| INTERVALS il ‘
{DISTANCE STARTING AT 1.0 NM! INBOUND LR y
. DISTRIBUTIONI ENDING AT 1.0 NMi OUTBOUND
i GROUNDSPEED (KNOTS) ,
} VENTICAL SPEED (FT/MIN} .
! : HADAR ALTITUDE [FEET) I
! PITCH (DSORLES) 1
i TIME (BECONOS) )
: COLLECTIVE (PERCENT OF TORQUE 14
; AIRCRAFT STATUS STATUS AT 2 BECOND INTERVALS §
. {TIME DISTRIBUTION) LAST MINUTE BEFONE TOUCHDOWN i
FIRST MINUTR AFTER LIFTOFF 3
QROUNDSPEED (KNOTS) ¢ .
VERTICAL SPEED (F T/MINI 5
MADAR ALTITUDE (FECT) ;
PITCH DEGKEES) j
DISTANCE 70 TD POINT [FEET) i <
COLLECTIVE (PERCENT OF TORQUE |
l 3
L - — e
T
4 -




TABLE 6-11I

Pilot Performance Measures for Enroute
Evaluations (1200:i Scale)

MEAVUNL INDRX
. PR
ALTITUBE (AGL) DISTRIBUTION 110 $OC | INTERVAL D 10 80 EERT

GRDUNDSMELD MEAN

DINYRIBUTION 110 KNOT INTENVALI U 1D 130 KNOTE
CHEGKMIINT ARNIVAL ) TIME (SRCONDS

LANLING ZONE 1.0 NMI
ARHIVAL

COU INHUTH MO BWWHCH ANL LINK
KRY ACTIVATION TIMES 185 ONLE
ERROA COUNY
BENSOR FELD OF AFGAND WEAN AIMUTH AND LLEVATION
DISTHIBUTION I DAGABR INTERVALS)
MELD OF VIEW PRNCUNT OF TIME NARROW AND WIDE
PEUCENT OF #ILOT UK COPILUT GONTHGL .
HLUT WOMKLUAD CONTRAL AQTIVITY (HIGH SNV QUENGY)
AINCNAFT ANGULAN RATER
SNITEH ALTIVATIONS AGTIVATION TIME [88CONLN)

NOTH: AL MEAKUNES BTART 1 MINUTK IN1O RUN AND RND | NAUTICAL MILE FHOM
LANDING ZONE, )

6.1 Approach and Landing Symbology Evaluation

Data were gatherad during the symbology evaluation ptimarily to deter-
mine the effects of symbology set and landing sone (L2) difficulty on pilot
performance. Analysis of various groups of data are discussed bslow.

6.1.1 Analysis of Variance = Touchdown Data (8ymbology: Approach and
Landing) .

. i . X

An analysis of variance (ANOVA) was conducted to datermine the affect
of the independent vatiables of symbology set and LZ difficulty level on
pilot touchdown performance (Talile 6=1), The dependent variables were
landing time (in seconds), distence in fest from a predescribad touchdown
point ?radill janding arror), longitudinal aircraft axis deift (X drift),
lateral aivcraft axis drife (Y drift), and vertical aircraft axis drift (2
drift) in feet per second. As shown in Table 6-I1I, no significant dif-
ferences (p £ 0.10) were found in the dependent variables as a function of
symbology set with the exception of right lateral drift (+Y), The effects
of LZ sirve on landing time and radial landing error were predictable (i.e.,
the smaller the LZ, the longer the landing time and the smuller the vadial
landing error)., The hover symbology set had the smallest time spread and
arror diffarences between xone sixzes.

Significant interaction effects were found betweon symbology set and
difficulty level with landing time, positive X drift (forward), and 2
drift., As shown in Table 6~1V, the window box large sone had the shortest
landing time (126 seconds) followed by the hover nmeter large zone (130
seconds), Pilots using the flight symbology in the very small gone had the
longest landing time (275 seconds), and the hover meter small smone the next
to the longest time (263 seconds). The least asmount of X drift was with
the hover symbology in the large xzone (0,005 ft/s), The largast amount of
positive X drift nppeared with the flight set small zone (3.2 ft/s). The
rate f descent (2 drift) was lowest with the hover meter in the small zane
(3,12 Ft/s) followed by the window box in the medium sized wone (3,32
£t/s), The fastest descent rate was found in the window tox (8,85 ft/e) in
the vary small zone and the flight symbology small sone (8,53 ft/s), The
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radial landing error was the smallest when using the hover symbology in the
smallest LZ (22.7 feet), and tha largest with the hover meter in the medium
sized LZ (70.6 feet), Negative Y drift (leftward) was not affected by LZ
size. and was the emallest with the hover symbology set (0.89 ft/s). Gen-
eral.y, difficulty of the LZ sise aifects pilot performance at touchdown
more than the hover symbology set. The smaller the LZ, the more workload
requirvement on the pilot to land safely. The test conductor (acting as
simulated crew chief), avallable on call by the pilots, helpad direct them
into the LZ tliereby reducing pilot reliance on symbology. ’

Although no symbology set consistently exhibited the best performance
on all measures, certain patterns are discernible. Table 6=V contains the
relative performance ranking betwesn symbology sets. The hover symbology
get had the shortest landing time across LZ sises, the lowast X drift
across 12 sizes, the smallest landing error, the lowest rate of descent (2
drift), and the smallest Y drift. In the overall rankings, the hover syu-
bology ranked number one in parformance and the window box second. Hover
symbology ranked highast because it provides the pilot with more informa~
tion with whieh to control aireraft horizontal position ih a hover, Flight
aymbology ranked third in performsnce because the yilot had only Doppler
spead and the display imagary to indicate the drif; rate. _ ,

" In summary, the hover symbology had tha ﬁiqt llndinl.porfarnnnco'ovcr-
all, followed by the window box symbology.

6.1.2 Smoothness of Approach and anding {Symbology: Approach und
Landing) . ‘ .

buring each approach and landing data run, aircraft performance varia=-
bles were recordad every other second during the 60 seconds prior to touech~
down as well as every 0.1 nmi within 1.0 mmi of touchdown. To assass the
pilot's visual interpretation of the different graphical presentations of
hover symbology sets «nd his ability to transfer this interpratation to
controlling the airoraft during the approach and landing phase, tinme and
distance distributions for smoothnass of approach and touchdown were pro-
jected. The performance variables in these distributions were: vadar
altitude, rate of descent, groundspeed, pitch angle, and collective appli~
cation in percent torque. These distributions are defined under aircraft
status in Table 6=1, A second ovder polynomial was Fitted to the data
becausa a parfectly smooth approsch and landing would follow a second ordar
polynomial curve. The residual mean square for the sacond degree poly-
nomial was used as an indication of diffences in smoothness between actual
and ideal approaches as indicated by the experimental variables., 1In a
sscond order polynomial equation, the independent variable is raised to the
second power. This second order indicates that there ls a single bend in
the regrassion curve. Ws would not expect the pilots to fly straight into
the 1Z due to the terrain obstacles. The ideal flight path is a mmooth
approach with one bend to gat over the trees that are around the LZ.
Analysis of variance was performed on the distributions to examine any dif-
ferences in approach smoothness or consistency. The probability 1imit for
significance was p £ 0,10,

fignificant differances in smoothness of approach were found in two
distributions, First, the flight symbology (no hover set) had the most
consistent pitch angle in the distance distribution during approsch.
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Figure 6=1 indicates the pitch angle of the four symbology sets from 1,0
nmli to touchdown. The LZ eiges did not significantly affect pitch angle
and were combined across symhology sets. The hover symbology had the next
smoothest pitch angle followed by the hover meter and the window box
respactively. BSecond, ‘the LZ difficulty affected the radar altitude as a
tunction of tha distance dietribution. The radar altitude approach glide
path was more stable for the small LZs than for the larger mones (Figure
6-2). Pilots wers required to have their altitude and airspeed under con-
trol to safely enter the small sones, The symbology sets did not aignifi-
cantly affect the redar altitude and were combined across LZs. Additional
approach trends, although not statistically significant, show the hover
meter to have the smoothest approach with respect to descent rate, speed,
and percent torqus. Groundepeed trends are shown in Pigure 6-3. The sat~
down results showed the smoothest pitch anjle, speed, and radar altitude to
be with the window box. Additionally, the hover symbology set showed a '
smooth descent rate. The inconsistent symbology trends in aircraft alti-
tude during the last “ew seconds (time distribution) and nautical mile
(distance distribution) before touchdown indicate that the various hover

. symbology sets have little effect on smoothness of approach. This might be

: axplained by the information common to all symbology sets (i.e., ground-
spead, rate of descent, radar altitude, and torque) giving necessary land=
ing data, as well as the nimulated crew chief available on call by the
pilot for additional landing information,

6.1.3 Crash Rates (Symbologyt Approach and Landing)

Chi~square analysis was performed on the number of noncrash landings
based on total attempts to land, This analyeis showed no significant fre-
quancy differences as & function of symbology set or difficulty level.

. There were vary faw landings that would not be classified as poor or
technical crashes by the criterion established in the test plan and shown
in Table 6-VI. The rate of descent was the most frequent cause for poor
landings across all experimental conditions followed by pitch anglae and
rearvard drift respectively, The most frequent cause of technical crashes
exceeding the established criterion was pitch angle followed by rate of
dascent, Thars were very few poor landings or crashes caused by left and
right roll or forward drift. No landings exceaded the criteria for side
drife (Y), ‘The fraquencies and types of poor landings and crashes were
fairly evenly dispersed across all treatment conditions.

6.1.4 Discrete Activities (Symbology: Approach and Landing)
6.1,4.1 Percent Time Narrow Fleld of View Commanded

Only the pilot in command (the pilot at the controls) made the FOV
commands for this group of subjects. There were nv FOV commands in the
approach phase and very few in the landing and takeoff phases, There was
winimal variability in percentages of time in the narrow YOV as a function
of L2 eine and virtually no variabilicty due to symbology sst. This was
predictable since all of the hover symbology sats are only used during
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TABLE 6-VI

Criterion Values for Poor
Landings and Crashes

POOR T
GRARH LANDING
QREATER | GREATEN
PLANE THAN THAN
VERTICAL, 2 (FT/8) 0.2 L8
SIDAWAYS, Y (FT/) +=18 +=10
FORWARD, X (KNOTS) 10 L]
REARWARD, X (KNOTS) -8 -2
ROLL RIGHT (DEGREES) 10 3
AOLL LEET (DIGARED) 10 ]
PITOH, NOSE UP » 10
Ll

NOTE: CAI'FERION VALUNS PROVIDED BY NATC
THST PILOTS DURING PHARK | STUDY
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] landing. 1In the landing phase, the largest percentage of time speat in
{ . narrow FOV was 0.41 percent in the large size LZ, and the least amount of
{ i time was 0,085 parcent in the medium size landing sone,

i . : 6.1,4.2 Sensor Actuations per Run

Sensor slewing was shared by pilot and copilot. As shown in Figure
6=4, thera was a largs variability in eensor usage betwsen experimental
th, conditions and between pilot in command and copilot. Overall, the copilot
e slews the sensor more than the pilot espacially in cthe small and very small
LZs, The pilot and copilot frequancy differences ware lass pronounced in ﬁ.
the large and nedium sones. Ona explanation of this differance would be
the necessity for increased pilot attention to flying the aircraft when
landing in the smaller zones, The trend of more seasor slewing in the
smallisr zones would indicate a need to examine the emall landing area for
obutacles with the copilot in control of the sensor, thereby freaing the
pilot in command for the actual landing requirements, The frequency of
sensor slewing is important since tha data runs were of relatively short
duration (approximately 3 miles long)., The crews usaed the gimballed sensor g
during these short flights proportionally more often than observed during
the longer anrouts data runs of previous simulations (Reference 3).

6.1.4,3 Sensor Asimuth and Elevation

Sensor arimuth and elevation data during the approach portion of the
aymbology avaluation data runs indicatad little difference due to experi=
mental conditions. This was expected since the flight symbology was used
during the entire approach portion of the mission, During the transition
and landing portions of the data runs, the differences were small as a
function of axperimental condition.

4
it

Figuras 6-5 through 6-8 display the percent of time spent at each
asimuth gilmbal angle for the experimental conditions of symbology formats
and LZ size. The seneor was not slewed more than 30 degress to the left or
4% degrass to the right, and remained centered 99 percent of the time, The
spurious peaks at weveral! azimuth angles were not consistent by LZ size or
symbology set and are probably due to chanca, The very small zons resulted 1
in the most variability in elavation (Figure 6«9). The sansor remainad
centered in elevation the least amount of time with the flight symbology
(64 percent) followed by tha hover (79 percent), hover meter (B3 percent),
and window box (89 percent). The sensor was naver slawed up and was slewed
the farthest down with the hover meter (30 degrees down)., Aside fron the
small LZ, the remaining LZ sises show very little sensor slewing in eleva=- q
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tion (Pigures 6-10 through 6=12).
6.2 Approach and Landing FOV Evaluation

Dats were gathered during the FOV evaluation primarily to datermine
the affects of FOV and L2 diffieulty on pilot performance (Table 6=1).
After two pilot groups (eight pilots) had completed the FOV evaluation, a
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program review was held to discuss the FOV preliminary data results. The
consensus reached at that program review was that the data generated by
these two pilot groups were sufficient to evaluate FOV effects on pilot
performance and that the remaining pilot group event would be rescheduled
for incorporating the Honeywell IHADBS hardware into the cockpit for the
copilot virtual HUD evaluation., Therefore, the data discussed for the FOV
evaluation is based on eight pilots rather than the standard three pilot
groups of four pilots for a total of twelve used throughout the rest of
this simulation experiment.

6.2.1 Touchdown and Enroute Data (FOV: Approach and Landing)

Touchdown performance was anslyzed on five dependent varisbles: land-
ing time, radial landing error, X drift, Y drift, and 2 drift during land-
ing; and three approach variables: ' avarage altitude, average groundspeed,
and percent of time under 100 feet during the approach portion of the data
run, The independent variables were POV and LZ difficulty., Table 6-VII

. shows no .significant tpuchdown performance effects due to POV or LZ sise, -

Although not significantly different, wide and dual FOVe tend to result in
better performance, on most variables, than did the narrow FOV. There is a
significant interaction effect betwean FOV and LZ difficulty levael with
veference to rate of descent (2 drift). Wide FOV, in the large sone
resulted in the smallest drift fcliowed by wide POV in the medium sone,
Tables 6-VIII and 6-IX show that tue wide FOV vesulted in the smallest rat
pof descent, followad by the dual FOV,

6,2,2 BSmoothness of Approach and Landing (FOV: Approach and Landing)

Rogression anslyses were run on time and distance distributions of
performance variables as in section 6,1.2, The differences in residuals
for radar altitude over distance were significant by L2 sire and FOV con~
figuration, Mgurae 6=-13 shows the average radar altitude in the terminal
landing phase for wide, narrow, and dual FOV (across all szone siges). This
figure shows that altitude control using the wide FOV ia less variable when
compared to a more erratic approsch profile using the narrow FOV, Regard-
lass of the FOV configuration, the pilots tend to approach well above the
trees (avarage 80 foot tree height) and let down vertically, The radar
altitude for LZ approach was significantly smoother in wide POV than in
narrow, The approach radar altitude for the two small LZs combined was
significantly smoother than for the two larger LZs combined (Figure 6-14).
This would Indicate a more controlled altitude approach for the difficult

landing zones than for the easier sones. There were no significant inter-
acticn etfects between 12 size and FOV.

The vertical rate of descent across distance was significantly
smoother for the smaller two LZs than for the larger two, This again indi-
cated the necessity for a smooth approach into the smaller zones. Figure
€=13% indicates & rapid descen® rate at 0.5 nmi in the small landing and
then a c¢limb to clear the trees. Approach into larger gones had an erratic
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TABLE 6—VIII

Sisnificat\t\ Fov' anluatian
Touchdown Dnt:a -

2 DRIFT BY LANDING ZOME SIZE
| FieLo oF view | LaraE | MeDIUM

WIDE
NARROW
DUAL

TABLE 6=IX

Relative Rankings of Significant
FUV Touchdown Data

LANDING ZONE SIZE
VERY |OVERALL

FIELD OF VIEW { LARGE | MEDIUM SMALL | RANK

WIDE
NARROW
DUAL

*1 = BEST RANKING
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descant rate, Rate of decent was not affscted by FOV. Collactive applica-
tion as indicated by the variation in torque across time was aleso signi-
ficantly more stable for small sones than for larger sones (Figure 6~16),
Nonsignificant trends in the approsch distributions indicate an incon-
sistent speed for narrow FOV. This is parhaps due to misjudgement of gir-
eraft distance to the zones when in narrow FOV. Generally, the distribu-
tion again indicates that difficulty level affects performance more than
FOV.

6.2.3 Crash Rates (FOV: Approach and Landing)

Chi-square analyasis of the number of total attempts resulting in land-
ings oshowad that the frequency differences ware probably not dus to chance
(p » 0.003%), i.e., difficulty level combined with FOV affects the rate of
succasaful landing attempts (Table 6-X). The narrow FOV had the smallest
percentage of landings per sttempts (46 percent) in the medium LZ, The
highest landing rate per attempts (100 percent) was with the wide FOV in
very small LZs. Examination of FOV and difficulty leval independently did
not result in significant diffavencas.

The technical poor landings were due to pitch angle, rate of desesnt,
and rearward drift with equal frequencies, The narrow FOV had the most
poor landings followed by dual and wide respectively, Howaver, the dif=
ferences in frequencies were not statistically significunt (Table 6=-XI).
There wers no technical crashes in the FOV evaluation.

6.2.4 Discrete Activities (FOV: Approach and Landing)
6.2.4,1 Percent Time Nirrow FOV Commanded

The pilot at the controls of the aircraft in the POV evaluation made
the majority of FOV selections. Table 6~XI1 shows the percentage of tima
spent in narrow FOV by the flight phase and LZ difficulty level, The
pilots were briefed before each data run set and encouraged to use their
dual FOV capability, However, the largest amount of time spent in the nar-
row FOV by the pilot was only 2,09 percent during approach to the smallest
LZ. The amount of time in narrow FOV decreasod markedly during landing and
takeoff, Without contianued encouragement, the pilote tended to not use the
narrow FOV, The pilots apparently felt the wide FOV presented sufficient
visual feedback to accomplish the approach, landing, and takeoff phases of
the mission.

6.2,4,2 Benvor Actuations per Run

Flgure 6-17 indicates a large variability in the number of sensor
actuations per data run. Sensor slewing was shared by the pilot and
copilot; however, the copilot slews the sensor more often than the pilot at
the controls of the aircraft and more frequeatly in the smaller 1Zs, rein-
forcing the need for a center console sensor control capability. The larg-
est frequency of sensor actuations occured in the very small sone in narrow
FOV. This would indicate & necesaity to look around to overcome the
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Field of View Evaluationt

LANDING ZONE §1ZR AND NUMBER OF ERRORS BY TYPE I

TABLE 6-X1

Technical Poor Landings

TABLE 6=XII

Percentage of Time in Narrow FOV

PERCENT OF TIMK
LANDING IN NARROW ROV
ZONR
FLIGHT PHASE size PILOT CoPILOT
APPROACH VERY SMALL 200 0
SMALL 110 1.480
MEDIUM 128 0
LARGE 0,738 1.042
LANDING VERY SMALL 0.197 0
SMALL 0.138 0
MEDIUM o.621 0
LARQE 0.61¢ 0.170
TAKEQOFE VERY SMALL ] 0
SMALL 0.803 1.018
MEDIUM 0 0
LARGR 0.368 0
32

FIELD OF VIEW LARGE MEDIUM SMALL VERY SMALL | TOTAL
wioe 1 (-XDRIFT) | 2 (-XDRIFT) | 1 (+XDRIKT} |1 (-X DRIFT)

1 (ZDMIFT) | 1 (2ORIFT) | 4 (ZDRIFT) |2 (ZDRIPT)

1 (PITCH) 2 (PITCH) 1 (PITCH) 7

NARROW 1 (-XDRIFT) | 1 (-XDRIFT) | 1 (ZDRIFT) |2 (-X DRIFT)
‘ 4 (ZORIFT) | 1 (+X DRIPT) B (ZDRIFT)

2 (PITCH) 1 (ZDRIFT) 2 (MTCH)

1 (ROLL R (PITCH) 2

RIGHT)

DUAL 1 (-XORIFT) | 3 (-XORIFT) | 1 (-xDRIFT) |2 (=X DORIFT)

1 (ZORIFT) | 3 (ZDRIFT) | 2 (ZDRIFT) |2 (ZDAIFT)

1 (PITCH) 1 (PITOH) 1 (MOLL LEFT) |1 (PITCH)

1 (ROLL . 20
RIGHT)
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reduced imagery sizo of the narrow FOV. For emall sones, the wide FOV
teguired the least number of sensor actuations, The mean data shown here
includes all phases of the flight, but the approach phase taken ssparataly
is consistant (i.e., generally more sensor asctuations per run for the
forced narvov FOV). Thes mean distance to the next checkpoint at ~hich sean-
sor slewing occured was 0,32 nmi and was not affected Ly experimental con-
dition (Table 6~XI11l). Since the average distance between chackpoints wae
approximately 0.75 wmi, a meun senvor slewing distance of 0.32 ami indi-
cates that pilots slewad the sensor throughout sach leg for terrain avoid-
ante as oppossd to laoking for checkpointa at the end of lems, Overall,
the pilot groups used the gimballed sansor proportionally more often than
observed during the longer enroute data runs of previous situations
(Refevance 5),

6.2,4,3 Bensor Alimq;h and Elevation

During the approach (1.5 to 0.6 nmi from touchdrwn) and takeoff
(touchdown to 1.0 nmi out) phases, the sensor remained centared 90 percent
of the time and remained within 23 degraes of center all of the time. The
natrruw. FOV had slightly more sensor actuctions than dual and wide. PFigures
6=18 and 6-19 show the asimuch and alevation gimbal angles for the landing
phass, The crews used a larger fiald of regard range in the narrow FOV,
prasumably to compensate for the reducad FOV. In all FOVe, the sensor was
never slevad up and wau sleved down when entering the LI to compensate for
the high aiveraft nose up attitude during decelsration, .

The landing phase required more siawing of the sansor, During land-
ing, the sensor remained cantered 90 perrcent of the time and within 60
degrees of center sll of tha time in ssimuth, 1In elevation, the sensor
remained level 30 to 65 percent of the time, was Aever sleved up, and was
slewed down 60 degresa less than 0.0l percent of the time.

6.3 Approach and Landing PMD-HMD Evaluation

During the third study, crew porformance data were gathered with the
pilot and copilot using three vombinations of tho HMD and PMD., The com=
binations under study were: pilot and cnpilot using a PMD; pilot using an
HMD and copilot using & PM}; pilot and copllot using a HMD, Analysis of
performance data appear balow,

6,3,]1 Touchdown aud Enroute Data

The touchdowt performance date ware analysed on five depandent vari-
sbles (landing time, radial landing error, X drift, Y drift, and Z deift)
and thres approach variables (percent under 100 feet, average altitude, and
average groundspead), The independent variables were three display con=
flgurations: PMD-PMD, PMD-HMD, and HMD~HMD., Table 6~XIV shows the levals
of significance resulting from this analysis. The significant difference

in landing error was expected as & function of sone siss. Although no dis-
play combinations resulted in significant performance differences, trends
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TABLE 6-~XIII

Field of View Evaluationt Sensor Slswing
Distanca to the Naxt Chaeckpoint
|

FIELD OF . LANDING ZONE 8|2
VIEW LARGE [MODIUM | SMALL [ VERY SMALL | MEAN
wioe 022 | va2 0.44 029 0.29
NARROW 028 | 047 028 0.19 0.30
DUAL 043 | 0us 024 03 0.87
10 - orwummg WIDE FOV
. O el NAHROW ROV
) Qysnemf\ DUAL FOV
0-‘ pre
04 |~
0.2 P N
PROPORTION
OF TIME $ *
0,008 |~ \
0,000 |~ , l
|
0,004 [~ "
"
0,002 t= ﬁ
0
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Figure 6-18. Benmsor Arimuth Gimbal Angle Distributions by FOV
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Distributions by FOV :

TABLE 6é-KIV

Pilot Performance in HMD-PMD Evaluatlont
Touchdown and Approach

INDSPENDENT VARIABLES
STANDARD DISALAY DIFRICULTY
DEPENDENT VARIABLES  JovenaLL MRAN | DRVIATION | CONRIGURATION |  LEVEL | INTRRACTION
|

TOUGHDOWN:
LANDING TIME 24028 100.70 NE* NS ™
RADIAL LANDING anmoR | 31e7 0t M ™ 0 »0.040 ™
XDRIPFT 101 P18 18 NS N NS
X DRI 241 318 N NS NS
YDRIrY L8 PT/8 100 N NS NS
+Y DRIFY L4 P 1. ] NS NS

TORIFY s ) ™ NS ™
APPROACH!
PERCENT UNDER 100 PERT | 30,60 % 1 ™ .
AVERAOE GROUNDSPERD | wo.u7 kN 1138 ™ ANDING JONE DONe NOT eLes
AVERAGE ALTITUDS 119.04 PY wn ™
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in favor of the HMD combinetions do appear. HMD=-PMD had the greatest time
under 100 fast, the lowest mean radar altitude, the only mean altitude
under 100 feet, and the least smount of Z drift, Tables 6-XV through
6-XVIII show the touchdown and approach resulte and relative rankings of
these results betwesen display configurations, The HMD-HMD combination had
the shortest landing time and the best overall ranking on touchdown per-
formance. These results indicate that it is the pilot's display that
affects performance, and the performance is better with the HMD,

6.3.2 Smoothness of Approach and Landing (HMD/PMD: Approach and Landing)

Regression analyses were run on the distributions as detailed in sec-
tion 6.1,2, The vadar altitude for the last navtical mile before touchdown
was significantly (p = 0,10) smoother for the HMD-PMD configuration than
for PMD=-PMD, Figure 6-20 shows the radar altitudes approaching the LZ as
lover and smoother for the HMD-PMD configuration, Significant differences
in distance distributions were also found in pitch angle, The piteh angle
for tha HMD-HMD was significantly (p = 0,0028) smoother than PMD-PMD, and
difficulty level | (emall LZ) was significantly smoother than level 2
(large L2). This is vhown in Figures 6~21 and 6-22, Bxamination of the
time distribution indicated the rate of descent to be more consistent for
the larger LZs., The diaplay combination trende, although not statistically
significant, show the PMD-PMD combination to be more erratic dcross all
variables than both configurations in which the pilot uses the HMD,

6.3.3 Crash Rates (HMD/EMD: Approach and Landing)

An examination (by chi=-square analysia) of the fraquency of noncrash
landings per attempts showed no significant differencas due to dieplay con-
figuration or LZ sise. Any frequency differences were desmed due to chance
and not experimental conditions.

6.3.4 Discrete Activities (HMD/PMD: Approach and Landing)
6.3.4.1 Percent Time Narrow FOV Commanded

The pilot at the controls of the aircraft in this evaluation pertormed
the majority of FOV selections, These salections ware made mostly in the
approach and touchdown phases. In these phases, HMD=PMD had the largest
psrcentage of time in narrow FOV (25 percent) followed by HMD-HMD (2,1 per-
cent) and PMD=-PMD (0.8 parcent).

6.3.4.2 Baensor Actuations per Run

The mean number of sensor actuations per run could only be calcoulated
for the PMD<PMD runs using the manual sensor slew controls. Sensor usage
dats wers not recorded whilo the sensor was controlled through thu pilot's
head movements. The frequency differences between pilot, copilot, and LZ
difficulty weare not significant, The overall number of sensotr actuations
per run was 4.8 at a mean checkpoint distance of 0,35 nmi,
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HMD-PMD Evaluation:

TABLE 3~XVII

Approach Performance Trends

APPROACH VARIABLES
i PERCENT
* DISPLAY UNDER AVERAGE | AVERAGE | .
CONFIGURATION | 100 FEET | GROUNDSPEED | ALTITUDE
PMD-PMD 3691 - 5063 | 13176
HMD-PMD 44,27 8870 107.10
HMD-HMD 38,61 60.78 113.24

TABLE 6-XVIII

HMD-PMD Relative Rankings of Approach Trends

APPROACH VARIABLES
PERCENT
DISPLAY UNDER AVERAGE AVERAQGE | OVERALL
CONFIGURATION | 100 FEET | GROUNDSPEED | ALTITUDE RANK
PMD-PMD 3 2 3 3
HMD-PMD 1 3 1 1.8
HMD-HMD 2 1 2 1.8
*3 = WORST RANKING
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6.3.4.3 Sensor Asimuth and Elevation

The crewy in the HMD<PMD evaluation tended Lo spend more time with the

; sengor slewed off center than in the previous evaluations., This would
terult from the eas? with which the pilot could elew the sensor while using
tie HMD, After sensor opuration using tha HMD, the pilot becsme acsustomed
to viewing the terrein and thus slewad the sensor more often manually when
using the PMD, Figure 6-21 showa that the crews ramained within 50 degrees

"of the centar &1\ of the time and remained centered 353 percent of the time
in elavation. Figure 6-2i shows that they remained within 40 degrees of
ceguargull of the time, and remained centerad 90 percont of the time in

- matmuth. R : - '

6.4 Enroute END-PMD-CDU Evalystion

Crev performanue measurés warc obtained on 'longer routes at the 1200:1
scale emphreising low level navigetion with the three combinations of dis-
play units ae wall as CDU operation, Dus to facilities difficulties during
two pilot groups, data wera collested on only four pilots ay the 1200:1
scals, One of thase pilots had to be sliminated: for poor parformance
(i.e., enroute radar altitudes of over 1300 faet)., Thus, scetistical
analyeis ia aliminated becausd of the sample sise. Trends and indications
discursed below must be qualified by the saple sime, '

.4.1 Enroute Performance (HMD-PMD-CDU: Enrouta)

No touchdown data were collected during this phasa since enroute per-
formance was the flight section under study. Table 6=-XIX indicatas lower
altitudes for a higher pevcentage of time with the HMD=-HMD display configu=-
ration. Table ¢=XX shows g teudency for highar speeds with the HMD=PMD
followud by tha dual PMDs. The sasier (flut) routes resulted in lower
altitudes and higher Apceds than the difficult (mountainous) routes,
Routes involving a course change had higher altitudes and higher spesds
than routes with no charges. Tha pllot did not have the verbal aid of the
copilot while he was inwarting a route change in the CDU. Thus, thers was
a tendency to fly higher over unfamiliar terrain. However, this also
allowed higher groundspeads on these longer routes.

6.4,2 Crash Rates (HMD-PMD-CDU: Enroute)

Chi-square analysis of the total attempts which resulted in successful
rune shoved the difference to be higily significant (p = 0.0000), i.e., the
number of euccesiful runs is due to display configurstion combined with
route difficulty. Y¥ramination of the indepandent variable (route dif-
ficulty) alone also resultsd in eignificant difforences in success fre-
quencies, For the hard routes (mountainous terrain), HMD-HMD had the larg-
est percentags of cuccessful rune (50 percent), and PMD~PMD the smallest
(25 percent). For easy voutes (flat terrain), PMD=PMD had the largest per-
centage of successful runs (10U percent), and HMNO=PMD the smallest (43

U T ey Te—-
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percent), Examination of display configuration alone resulced in nc signi-
ficant differences. When pilot workload is increased (i.e., mountainous
terrain), the HMD for the pilot has a higher success rate, .

6.4.3 Discrate Activities (HMD~PMD-CDU: Enroute) : i
6.4,3.1 Percent Time Narrow FOV Commanded

The crews made vory few POV selections in this evaluation. Belections
were evenly divided between pilot and copilot, clustered in the PMD-PMD
configuration and in the no route change counditions, The largest percent-
age of time in narrow FOV was levs than 1,0 percent in the PMD=PMD
combination, The enroute evaluation crews apparently found little or no
noed for the narrow POV regardless of the display configurdtion.

. D S —

6.4.3.2 Bensor Actuations per Run

R b The meaan number of sensor actuations per run was calculated for the

S , PMD-PMD configuration. Tha pilots slewed the sensor (21.5 per run) signi-
: ficantly more than the copilots (2,34 per run) and tended to slew more

. often in the flights with a route change. This group of pilots performed

‘ their 1200:1 runs firuvt, and learned to opérate the PMD and HMD display

_ : combinations simultaneously. Therefore, the craws became accustomed to

oo A I having the pilot in control of the sensor. The mean sensor slewing

distance to the next chackpoint was 2,14 nmi and did not vary by experi-

mental conditon, again indicating that sensor slewing occutrs primarily for

terrain avoidance as opposed to checkpoint identification, It should be

noted that this group of subject pilots slewed the sensor overall more than

pilots from previous phases In comparable voutes. The HNVS Final Report )

{Reference 5) indicates an overall slew rate of 12 times per run, this !

evaluation shows 19 times per run for the pilots.
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6.4.3.3 Sensor Agimuth and Elevation

The crews tended to slew the sensor less frequently enrouta than in
approach and landing, 1In asimuth they remained centered more in the dif-
floult routes than the easy routes, In difficult routes, they remained
centered 94 parcent of the time with no route change and 84 percent of the
time with a change. In easy routes they remained centered with a route
change 76 percent of the time and 72 percent with no toute change. The
pattern in elevation is the same for difficult routes but they remained
centered 97 percent in easy routes with a change and 88 percent without.

- roansen

All enroute data run: required the copilot to manually capture the
12. This required a specific three key operation of the flight plan master
function key (MFK) and linc keyes 9 and 6. Moat runs had an addendum to
this sequence of several scale changes (l1ine keys 1l and 12). Discrets
data were examined to determine actual sequences. There were 2 srrors out

l 6.4.3.4 CDU Operation
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of 17 operations in the performance of this sequence, both involving paral-
lax problems with line key 9. One copilot used kay 8 instesd of 9 and one
used 10,

The experimental variable of route change also involved a spacific
saquance of events to properly executs the new route and capture check-
points in the old., The display configuration of PMD-PMD had the fewest CDU
strors (6), followed by HMD~HMD (7) and HMD~PMD (11), There wers 11 line
key srrors and 13 total MFK errors encountered during route changes.
Tables 6~XXI and 6-XXII display the type of errors that occured, These
tables show consistent problems of parallax and misunderstanding of kay
functicns., They depressed ‘line keys saveral times in succession in an
effort to obtain a response or to correct an error. The copilots did not
cua in on the CDU feedback (for example, the asterisk whish appears with
the capture function),

- 6.% Approach and Landing Virtual HUD REvaluation .

. The cockpit was equipped with a display combination of the copilot on
vittudl HUD and the pilot at the controla of tha alrcraft on HMD, The
analysis for virtual HUD evaluation was limited to one pilot group of four
pilote, Thia resulted in 24 runs each for the 240:1 end 1200:1 scales.
The etatistical analysis vae affected by small sample sises. The signi-
ficant effects found must be qualified with the small sample size and its
effects on the statistical sensitivity.

6.5.1 Touchdown Data (Virtual HUD: Approach and Landing)

The results in Table 6~XXIII indlcate the only significant differencas
to be in the X drift (positive) as a function of 12 sise and in the enroute
variables of percant of time under 100 feet, and the average rsdar alti-
tude, Tables 6=XXIV through 6=XXVI show how thess diffarences are distri-
buted within the experimental couditions, Examination of dieplay configu-
rations alone without zone sise shows the virtual HUD configuration
resulted in the highest percentage cf time under 100 feet and the lowest
radar altitude followed by the common video and HMD~PMD combinations
respectively. The cummon HMD video resulted i{n the fastest groundspeed.
The HUMD~PMD combination had the best overall ranking on touchdown perform-
ance trends, followed closaly by the common HMD video, During the approach
phn:o. both HMD configurations performed better than the HMD-PMD configu-
ration, ,

6.5.2 Smoothrness of Approach and Landing (Virtual RUD: Approach and
Landing)

Tha regression analyses resulted in no significant differences in the
residual mean squares between the displsy combinations, The trends in the
approach distributions show the HMD-HMD common videu condition to have the
smoothust approsch acrose time and distance in rate of descent and radar

altitude. The remaining variables wers not consistent for both time and
din«tancae,
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TABLE 6=XXI

Line Key Errors during Route Changes

A SR

ERROR SEQUENCE

| FREQUENCY I

4

- N =B N -

DEPRESSED LINE KEY 8 INSTEAD OF 9
OEPRESSED LINE KEY 4 INSTEAD OF 3
DEPRESSED LINE KEY 10 INSTEAD OF 9
DEPRESSED LINE KEY 2 INSTEAD OF 3
S8EVERAL LINE KEY ENGAGES AFTER ONE MFK
SEVERAL PAGE CHANGES AFTER ONE DIR

TABLE 6=XXI1

Master Function Key Errors during

Route Changes

FREQUENCY

ERROR S8EQUENCE

DEPRESSED FTL/PLN INSTEAD OF DIR
DEPRESSED MARK INSTEAD OF FTL/PLN
DEPRESSED STAT INSTEAD OF DIR
DEPRESSED PROG INSTEAD OF DIR
DEPRESSED MARK INSTEAD OF DIR
DEPRESSED MAP/RTN INSTEAD OF FLT/PLN
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6.5.3 Crash Rates

Chi-square resulis indicated a significantly (p = 0.004) larger per-
centage of crashes psr attempts for the HMD-PMD configuration (55 percent)
than the common HMD video (30 percent) or the vivtual HUD (27 percent) con-
figurations. The frequency of technical poor landings was three for each
display configuration with the majority due to rate of descent (2 drift),
There were no technical crashes.

6.5.4 Diserete Activities (Virtusl HUD: Approach und Landing)
6.3.4.1 Parcent Time Narrow FOV Commanded

The crews used the FOV command in only one condition (HMD-PMD, large
landing zone), This resulted in a rate of less than 1 percent in the nar-
row FOV for pilot and copilot. :

6.6 Enroute Virtual HUD Evaluation.

The statistical analysis for this phase was again based on 24 runs at
the 1200:1 scale. The small sample sise resulted in greater statistical
impact during the enroute phase due to the addicionsl variable under study,
i.e., fewer data runs in each treatment condition,

6.6,1 Enroute Performance (Virtual HUD: Enroute)

The ANOVA results shown jin Table 6-XXVII indicate that the variable of
toute change hav a significent effect on percentage of time under 100 fest
and average groundspeed, Runs without routs changes had a highar pasrcent-
age under 100 feet with the virtual HUD configuration (73.5 percent) fol-
lowed by common HMD. video (57.5 percent) (Table 6=XXVIII). In runs with a
route change, the HMD-PMD configuration had the highest percentage of time
under 100 feet (56 parcent). Overall, the HMD configuration with the vie~-
tual HUD had the lowest average radar altitude. However, the variability
betwsen display combinations is small, {.e., only 11 feet,

Runs with a route change had faster averaga groundspeeds than those
without (Table 6=XXIX)., This was predictable eince the altitudes of
changed routes tended to be highar, allowing faster average groundepeeds.
The virtual HUD had the fastest groundepeed in runs with changes and the
lovast in runs without. Overall, the common HMD video had the fastest
average groundepeed.

6,6.2 Crash Rates (Virtual HUD: Enroute)

The Chi~square results indicate significent frequency differences in
the percentage of crashes per total attempts. 1In all display configura-
tions, the hard routes contained the highest (p < 0.09) parcentage of
crashes {HMD-PMD 75 percent, common HMD video 350 percent, and virtual HUD
60 percent)., The route change conditions contained the highest percentage




TABLE 6-XXVII

Pilot Performance in Virtual HUD Evaluation:

Enroute®*
l " INDEPENDENT VARIABLAS
sTANDARD | oissLAY AOUTH AOUTI
l DEPENDENT VARIABLES | OVERALL MEAN | DRVIATION | CONRIGURATION | DIFFIGULTY | CHANGE |INTRRACTION
PEROENT UNDER 100 PRET |  8B.34% 14,42 T NB pe0,01 ™
AVARAGR GROUNDSPERD 010 KN 1001 ) NS p UL NS
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I g TABLE G-XXVIIL
! virtual HUD Evalustion: Average Altitude
. | Enroute
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|
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! I (VIRTUAL HUD)
H et e e
- VPIACENT OF TIME UNDRR 100 FRET
!
i
i ' TABLE 6-XXIX
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of crashes per attempts within difficulty levels with the exception of the
HMD~-PMD hard route. The virtual HUD configuration had a higher percentage

of good runs per attempts (40 percent) than the common video (46 percent)
or HMD~-PMD (46 percent) conditions.

6.6,3 Discrete Activities (Virtual HUD: Enroute)

‘ 6.6,3.1 Percert Time Narrow FOV Commanded

The pilots made all of the FOV commands and enabled the narrow FOV
more times in routes with changas then without and more often in difficult
rvoutes than sasy. Tho largest percentsage of time was 9.2 percent with.
common HMD video, difficult route with change. No pilot used the narrow
MOV while the copilot had a PMD display. The mean distance to the next
checkpoint was 1,73 nmi, ‘

6.6.3.2 CDU Operation

Discrete actions were examined to evaluate the sequence of key actua~
tions used to manually capture the LZ on all runy. The sequence errors
vare dispersed between the display combinations, but clusterad in the route
change conditions, Tha most comson error was depressing Line key 5 instead
of 6 fo!lowed by more than one line key depression after a function kay.

Review of the CDU route change key sequence rvequirements revealed the
usjority of errurs (seven) to de in the HMD=PMD configuration on a diffi-
cult route followed by HMD virtusl HUD on an wesy route (thrae) and HMD~-
"D, easy route (two).. "he common HMD video and virtual HUD difticult
routes had no errors, Tebles 6-¥XX and XXXI indicute the sequence and type
of arrors ancountsred during roite changes. These tablos reveal parallax
problems and ey function wmisunderatanding.

6.7 Bumnavy

The sicy of tha landing sones uffected pilot performance tove connis-
tently and predictably than any other factor. The smiller zones required
mors precise maneuvering that resulted in louger land times, higher radar
altitudew during approach, smaller wvadiel srror, etc. To !and in thece
conre, the pilct must have the helicopter under control, requiring precima
information proceseing.

“he symhology phase vesults indicated the hover symbolegy uet to be
the moet consistent in its recuits., The tlight symbology was needed up to
appruximataly 0,3 nmi fc/om the touchdown point, the transirion symbology
untll 0.05 to C.03 nmi from touchdown, and the hover symbology 0.03 nmi to
touchdomn, The transition symbology gave che pilots the axtra information
aeadad ror precise Jandings.

Tnhe nartow FOV resul*e in inconsistent pilot performence whan

approaching the landing wounes aw compared to the wide and dusl FOV. Pilots
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TABLE '§-XXX -

Master Function Key Errors dufihg Route Changes

FREQUENCY . ERRORSEGUENCE "
+: 1 DEPRESSED DIR INSTEAD OF‘FLT/PLN
3 DEPRESSED FLT/I;LN INSTEAD OF DIR
TABLE 6-XXXI
Line Key Errors during Route Changes
FREQUENCY ERROR SEQUENCE
3 S8EVERAL LINE KEY ENGAGES AFTER ONE
FUNCTION KEY
1 DEPRESSED LINE KEY 11 BEFORE DIR
1 DEPRESSED LINE KEY 4 INSTEAD OF 8
1 DEPRESSED LINE KEY 4 INSTEAD OF 9
2 GENERAL CONFUSION OF KEY FUNCTIONS

I
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were unable to smoothly approach the rone when forced tu use the narrow
FOV, The dual FOV capability resulted in # minimal amount cf time in nar-
row FOV. The appareat low usage rate vould indicate that for this specific
low level navigation mission, pilote did not find the irformation provided
by the natrow FOV helpful in parforming the specific casks required of the
pilots as evidenced in performance differences. The nirrow FOV required a
higher sensor usage rate to compsnsate for the lack of information.

The pilots in the HMD-PMD evaluation generally performed better using
the HMD.. The ease of slewing the sensor allowed the pilotsé to ‘éxsmine ter-
rain features and maintain low altitude with comparative ease.. The pilots'
landing approsch and touchdown was smoother when using the HMD. During the
snroute portion, the crew performance in flatter terrain was slightly.

" ‘better while the pilot used the PMD, but performance in mountainous terrain

wabp better with the pilot on the HMD,

During low level landing sone spproach, the copilot display has an
inconsistent sffact on parformance messures. His workload during this
phase is oritical to navigation, terrain avoidance, and general pilot
assistance. During the enroute phase he can perform well with tha HMD and

the PMD, 1t appears to be the pilot's display that has the greater impact
on performance measures.

The virtual HUD evaluation varied the copilot display combinations
from PMD, HMD, and HMD virtual HUD while the pilot remained on the HMD.
During critical approach to landing, the copilot tends to perform better
with the HMD. During touchdown the copilot performs better with the PMD,
During the enroute phase, crew performance was best with the HMD for the
copilot with or without the virtual HUD, The differences betwsen the thrae
display combinations are slight and indicaie that the task pressures felt
by the copilot may be the critical factor,

During landings, the sensor remained centered 90 porcent of the time
in asimuth and 55 percent of the time in elevation. Muximum sensor gimbal
angle used during the evaluation was 60 degrees in agimuth and 60 degtees
down in elevation, The senvor was never sleved up in elevation.

The copilots' operation of the CDU indicated that it is a workable
part of the system, without overburdening the copilot. The errors indicate

a necessity for correction of the display alignment and CDU feedback when a
function key is initialized.

6.8 Bubject Pilots

Tables 6=XXXIT and 6-XXXIII contain the overall performance altitudes
for the pilots participating in the research. They have been ranked from
the lowest altitude (best performance) to the highest (worst performance).
Their performance was correlated with their actual flight hours. There is
no correlation between simulation performance and flight hours.

%

[

[ [




; l TABLE 6-XXXII 4
; Relative Rankings of Crews Based on
; Average Altitude (240:l1) ' ' : | S
P l ALTITUDE | AVERAGE | FLIGHT ' i
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TABLE 6~XXXITI

Relative Rankings of Crews Based on
Average Altitude (1200:1)

» [urirupe | avenage T ks

1 (V) 91.61 440 1
2 (V) 03.54 481

3 (V)  118.28 888

4 (v 122,82 480

5 (W) 142.88 487.7
8 (H) 167.48 310

7 (H) 170.63 320

8 (M) 234,78 498

*V = VIRTUAL HUD
H = HMDO/PMD/CDU

All of the pilote had to learn the new system and develop new crew
Thelr attitudes and learning abilities had

interactions and scan patterns.

more performance effects than anything elsa.
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7.0 PILOT OPINION RESULTS

7.1 General

All research participante responded to extensive questicnneires deal-
ing with the simulation facilities, concepts under study, and recommended
changes to the HNVS configuration. )

7.1.1 8imulator Orientation

The majority of pilots (82 to 91 pcrecnc5 felt the briefing upon arri-
val was adequate, as were the cockpit checkout and mission briefing mate-
vials, Ten hours of cockpit training were recommended,

7.1.2 Simulator Realimm

The cockpit, aero model, forca fesl, and motion base received gene-
rally average ratings on their individual components. The terrain model
had high ratings on ite realism and nultural featuras. ‘The overall simula-
tion rating was 4,2 with 5 being the highest rating possible., General

simulation comments made by four or more of the 35 pilots were as follows:
1l Needs better ventilation (gets hot)

2 Didn't notice any wind effects

3

The only time the motion base seemed to simulate actual flight was
during turbulance; it could use engine noise and vibration

j=

Overall, the simulator und terrain model were excellent except for
the few minor envirnnmental problems 1{sted previously.

7.1.3 8ymbols

The digital heading dieplay was helpful to 78 percent of the pilots,
and 22 percent has a neutral reaction to it. General symbology comments
indicated by four or wore pilots were as follows:

1 Legibility was good
2 8ize was good

Contrast was adequate to good

3
4 Movement was good
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5 S8ensitivity to flight coatrol was good

6 Digical readout change rate vas 3ood}

Pilot comments specific to the symbology formats were as follows:
1 Flighe:

Analog Scale-Increasa thicknaess, limit to 200 feet AGL, move
to tha left of screen, box altitude like the digital heading

Nead turn snd elip indicator in bottom center of screan (most
pilote)

e Jo o

..

Need angle of bank indicator

Corridor line not necessary

8 Optiomal altitude bar distracting and not used
£ Torque Indicator-Analog not necessary, digital readout givas
anough feedback
Incressa groundspeed sixe
fu: 100 foot hash marks on rate of climb.
2 Hover:

Add turn and slip indicator

&
b Add hash marks in center of scresn to indicate airspeed rela-
tive to length of hover velocity vector.

7.1.4 Controle

Sixty-six percent of the pilots would not like to move any of the con-
trol panels. Bixty-two percent would not move any control locations.
Regarding control opesrations, 64 percent would not make any changes in
functions, 850 percent would not change control movements, and 67 parcent
would not change the sensitivity. Control labels would not be changed by
97 percent, and the presant design was acceptable to 86 percent, The com=
ments made by four or wmore pilots regarding controls are as follows!

1 Recommend changing the location of the FOV select and Hover Poni~
tion select: FOV to the collective, Hover Position to the FOV
select position, or just exchange location of POV and position box

[N

Change sensing of sensor control switch; forward should slew seasor
dqu. back should slew sensor up

| 1%

Collentive is slow to respond.
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7.1.5 General Critique
General comments made by four or more pilots wera:

1 Pamiliarization with the terrain makes navigation easier (10
pilots)

2 PFamiliarisation with the terrain equals real world briefing nituu-
tions {six pilots)

3 Aural warning signal to indicate low altitude would make miseion
easier and safer

4 Need extensive training

S External visual cues should be used: in an actual mission you

would be able to see outside to some degree to help you fly,
?.1.6 Instrument Monituring, Importance and Lighting

All pilots monitored tha PMD continuously and considered it very
important, Fifty-nine percent of the pilots monitored the CDU occasionally
and considered it important. The majority of pilots monitored the remain-

ing instruments only occasionally or not at all and considered them only
moderately important.

Sixty-seven percent of the copilots monitored the PMD continuously and
the remainder of copilots only frequently. They considered it important to
very important. All of the copilots monitored the CDU fraquently to con-
tinuously and considered it to be very important., The remaining panel
{nstruments were monitored oacasionally ox never by a majority of the

copilots. These instrumants were considered to be of only moderate
importance.

The cockpit instruments were grouped into lighted groups (Table 7-1)
that could be dimmed or turnad off. Of the pilots and copilots assessing
only PMD conditione, about 35 percent turned off lighting group 1 and about
30 percent turned off lighting group 2, Most felt the electromechanical
instruments were not necessary with the PMD and CDU. Most pilots (92 per-
ceant) turnad off lighting group 2 while using the HMD. This group of
pilots also dimmed the CDU. The copilots wearing the HMD dimmed lighting
group 1 (67 percent) and group 2 (75 percent), Overall, copilots tended to
dim cockpit lights rather than turn them off more than pilots. It was part
of the copilot's task allocations to perform functions in the cockpit
requiring some level of lighting,

Comments made Ly four or more pilots regarding instrumentation were:

1l Only required PMD informstion and as litcle tighting as poussible

jro

PMD red filter: no effact (half), helpful (half)
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Dimmed lights to reduce diutraction but still able to use as backup

All lights had to be off or very low when using the HMD

v s e

PMD should have smergency inputs when needed so no instruments ar:
nesded

Exchange locations of the bsaring distance heading indicator and
the Radar ALT for both pilot and copilot

jor

Put HNVS control on instrument panel below PMD

Delete CORR and ALT ON

Had to scan the turn and bank indicator to supplement the PMD

15 1o to 1~

Put barrier on copilot;l PMD so 1ight does not distract pilot on
HMD

1l Have emergency information and engine information available on PMD
or CDU so no additional instruments are needed.

7.1.7 Task Allocations and Crew Techniques

The recommended task allocations (Table 7-I1) were acceptabla to the

?m{:ricy of pilotms participating., Additions and changes indicated wers as
ollows!

Copilot monitor airspeed and asirecraft trends

|

Copilot monitor vertical speed indicator and altitude during hover
and lunding

fw

Copilot has to navigate.

Opinions on sharing sensor field of view and slewing varied with each
pilot group, Several crews allowed only the pilot to slew the sensor, the
copilot had to request the pilot to slew when necessary. Other crews
allowed the copilot to slew the mensor only if he warned the pilot but
never during a hover. A few crews allowad the copilot total sensor control
and the pilot would request slewing, Individuul flight crews quickly
developed their own techniques. Most crews had the pilot control field of
view; however, this function was rarely uoed.

The participants felt the pilot's primary duty was to fly the air-
craft, Extensive informstion was transferred varbally from the copilot to

the pilot, The result was a constant dialogua batween them regarding all
flight information,
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TABLE 7~11

Recommendad Task Allocations

COPILOT’

RECOMMEND HEADINGS SELECT IDEAL PATH
POINT OUT CHECKPQINTS CONTROL
ALTITUDE
DESCRIBE ANTICIPATED AIRSPEED
TERRAIN RELIEF . POWER
TERRAIN PEATURES
TERRAIN ALTITUDE
WARN OF LOW ALTITUDE PRIMARY SENSOR
CONTROL
WARN PILOT BEFORE SLEWING

L H

L S
' "_”'W“'W"(,,-"

om—ran [ PSR
s P ] —

e

o

S i

ol

Iq&g;i s

i
i
] 1
! !
i ‘
;
i
H
i 1
i |
el
o
4
e
; .
ll "
: |
s |
Pl
| i
| u
i 1
1 i
! i
: ]
|
{
i
!
i
|
i
i
<
. T
R




>

=

‘ O GE G G G am NS T s o

7.1.8 Overall Mission Ratings

All participants in the 240:1 scale avaluations ruted the mission easa
and safety in three terrain types, The results wera pradictable: missions

were significantly (p < 0.05) safer and easier in flat terrian followed by
rolling hills and mountainous terrain (Figuras 7-1 and 7-2).

7.2 Approach and Landing Symbology Evaluation

According to 82 percent of the pilots, sufficient time was spent
training for approach and landing with the four symbology sets. Ceveral
pilots requeasted more initial training on hovering and landing.

Pilots were asked to rate the ease and safety of approaches, landings,
and takeoffs with each of the four symbology sets. These ratings are shown

in Pigures 7-3 through 7-8. The ease and safety of the flight symbology in

the approach phase was predictable since it imparts necessary enroute
information. The transition symbology alsc gives desired enroute feedback.
The ratings were tosted for significant differences by using a T-test for

significant differences between the means. Significant differences

(p € 0.05) were found batwean the hover and flight and between the hover .
meter and flight symbology for safety and ease of landing in emall and very
small zones. Examination of symbology ratings alone indicated the hover to
be the sasiest and safest at landing followed by the hover meter, the win-
dow box, and flight symbology sets {p < 0,03), The significant (p < 0.05)
rating trends at tekeoff were evsentially the same, the exception being a
alightly higher rating for the flight symbology over the window box.

Comments by four or more pilots in this symbology svaluution phase
were 8y follows!

1 Bensor alewing during landings tands ko disorient

2 Copilot should keep track of airspeed

3 oOnly pilot performed sensor slowing (tive crews)

4 oOnly copilot performed sensor vlewing (five craws)
3 VField-of-regard adequate for transport mission: good
Fleld-of~view change left up to pilot in command

Copliot slewing mensor without warning causes pilot vertigo

Pane] mounted display location good (eight crews)

o oo [~ jo

Display size good
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10 Dinpl;y resolution fuzezy, needs contrast (six crews), good (three
craws

—
—

Color and lighting for display and instruments fine

S8ansor: ol.va:ibn sansing backward.

s
»

7.3 Approach and Landing Fiald of View Evaluation

All pilots (N=8) in this evaluation felt enmough time was spent on
approaches and landings with the different fields of view,

Tha pilot ratings of ease and safety of the fields of view in
approaches, landings, and takeoffs are shown in Figures 7-9 through 7-14.
In approaches to the landing tone, the narrow field of view was considered
significantly more dangerous and difficult than wide and dual field of
viaw.

In the landing phase, pilots preferred the wide and dual fields of
view consistently over the narrow, The pilots in this evaluation did not
rate any field of view as easy or safe, ratings were ganerally lower than
in the symbology evaluation. The preference trends were the same in the
tukeoff phasa., This phase was considured slightly easier and safer than
the landing or approach phases,

Comments made by three or four pilote in the field of view evaluation
phase were as follows!

I~

Copilot did sensor slewing

[ X}

Helmet mounted display gimballed sensor would eimplify task

Fleld of view controlled by pilet

1= =

No instrument lights turned off

Jwn

Panel mounted display location good

Display size good.

Jo

7.4 Approach and Landing HMD-PMD Evaluation

Eighty=three percant of the participants falt enough time was spent
training on the display configurations. The majocity of pilots using the
HMD felt that the field of regard was adequate for the transport mission,

The pilots reted esse and safety of dieplay configurations during
approaches, landings, and tskeoffs (Figures 7-15 through 7-20). There was
little responae variability; however, eoneistent trends were apparent. The
HMD for che pilot is rated sefer and masier than dusl PMDe in ail phases.
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For landing in small zones, the HMD-PMD is rated significantly (p < 0.10)
safer than the dual PMDs, The HMD=~PMD also is rated significantly (p <
0.05) safer than the PMD-PMD combination during takeoff from the large
zone, There was very little rating difference between HMD-PMD and HMD~HMD,
However, the trend indicated a preference for the HMD-PMD (or safaty and
the HMD-WMD for ease, This reflects the preference for having the copilot
relatively free inside the cockpit in case of an emergency.

Participants were asked to indicate the minimum safe target altitude
at 60 to 80 knots and the maximum safe target groundupeed at 50 to 100 feet
AGL, which was attainable on an actual night miseion., Table 7-I1I contains
the responaes according to display configuration and terrain type. Both
HMD combinations had faster groundspeed ratings than the dual PMDs, The

altitude ratings are more variable with the HMD-PMD tending to be slightly
lower.

Comments made by three or more pilots in the epproach and landing
HMD-PMD evaluation phase were as follows:

1 Feel wore comfortable as copilot on PMD than HMD (more visual cues)

)

Copilot controls PMD sensor slewing on approach and landings
3 PMD location acceptable

4 PMD size acceptable

3 HMD display size should be larger.

Additional quastions addressad the issue of possible visual problems
due to the cockpit lights and displays. PFifty percent of pilots flying

with the HMD experienced visual problems with individual comments regarding
the HMD as follows:

I—

Tend to fixate on red panel lights (instrument panel lights dimmed)

Vertigo caused by moving too fast

Need finer brightnees control

s v In

Put HDU on inboard eye to facilitate looking out window.

As copilot, 42 parcent experienced vi.inal problems. Individual cow-
ments regarding the HMD were as follows!

-

Hard to navigate with the HMD while functioning as copilot (two
copilot comments)

(LX)

Need dual sensors.

T i




TABLE 7-I11

Minimum Safe Altitude at 60 to 80 Knots And
Maximum Safe Speed at 50 to 100 Feet AGL

RADAR ALTITUDE (FT) AND SPEED (KN) BY DISPLAY CONFIGURATION

PMD-PMD HMD-PMD HMD-HMD
TERRAIN ALTITUDE | SPEED ALTITUDE | SPEED ALTITUDE | SPEED
FLAT 08.54 87.5 08.45 80.83 68.98 87.08
ROLLING HILLS 98.54 73.33 101.04 74.18 1056.41 71.28
MOUNTAINOUS 120.22 52.08 103.88 88.0 118.88 82.91
OVERALL MEAN 95.78 70.97 20.45 73.33 88.08 73.75

e b s
i s e

T N

R




ol GEEE BN  aem emm

axmmy

v e i e AT Y 3 S

For effectiveness and safety, 67 percent preferred the HMD-PMD con-
figuration and 33 percent the dual PMDs.

7.5 Enroute HMD-PMD-CDU Evaluation

Seventy-five perceant of the pilets felt enough time wae spent training
on the dieplay combinations. The majority of the pilots felt the field of
regard was adequate for the transport miseion. Regarding the field of
view, 38 percent felt it was okay for terrain following, 50 percent indi-
cated it was okay for navigation, and 63 percent ocaid it wus okay for
chackpoint and landing zone identification. Twenty-five percent indicated
they rarely or never use the narrow field of view. The wide field of view
was acceptable for terrain following (63 percent), navigation (75 percent),
checkpoint identification (75 percent), and LZ identification (75 percant),
Twenty-five percent preferred the wide field of view in all situations.

In rating the ease and safety of the display configurations, the HMD-
PMD was consistently safer and easier than either the HMD~HMD or PMD-PMD.
Although the variability is small, Figures 7-21 through 7-27 show the
pilots' preference for HMD-PMD followsed by HMD-HMD. The pilots' HMD dia-
play ie apparently tha critical, preferred featura.

Table 7<1IV shows the pilot ratings of actual mission altitudes and
speads. They prefer the HMD-PMD (75 percent) for ease and safety, and
believe lower altitudes and higher speads are attainable with the pilot
using the HMD,

Thirty-eight percent had contrast problems but wera able to ovarcome
them, 8ixty-three percent expressed visual problems as pilot, such as
resolution of the HMD, focusing inadequacy of the HMD, and limited cockpit
vision with the HMD, Fifty percent of the copilots expressed problems of
navigation and map reading while using the HMD., Bighty-eight percent con-
sidered the HMD-HMD combination to be the least effective and safe. They
felt the HMD for the copilot was too reatrictive and disorienting.

In evaluating the CDU, 62,5 percent of the pilota felt they received
enough training, The CDU would have no effect on maintaining a lew alti-
tude according to 62.5 percent, while 75 percent responded that it would
have no effact on groundspeed. The kayhoard configuration resulted in
problems for 62,5 percent. All the pilots (N=8) thought that the map dis-
play was an effective navigation tool. In the operation of the CDU modes,
87.5 percent had no problems. Thirty-eight percent expressed alignment
problems with the line keys. Design changes expressed included a clear
function for unwanted line keyn, more precise line key to display align-
ment, and an option to initialise more than one directed point at a time
while ueing the DIR MFK. Generally, the copilot was able to operate the
ChU +ith little interruption in other copilot functions except verbal feed-
back and flight updates to the pilot, Figure 7-28 indicates the miasion

vas rated significantly (p < 0.05) easier with the CDU, Figure 7-29 shows
that using ‘the CDU to change course would not increase the difficulty of
the mission,
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7.6 Approach and Landing Virtual HUD Evaluation

All pilots (Nw=4) felt they obtained enough time training on the dis-
play combinations, Figures 7-30 through 7-35 show a significant (p < 0.05)
preference for the HMD=PMD configuration followed by the HMD common video
" all aspects of the mission. Table 7-V indicates that pilots balieve

sy altitudes and highar speeds are attainable with the HMD-PMD con-
figuration,

All pilots felt the HMD-PMD combination was the most affective and
safe because it froas the copilot for other duties and allows easy pilot
sansor slewing, No pilnt expressed display contrast problems, although two
said the HMD caused eyve strain and vertigo.

7.7 Enroute Virtual HUD Bvaluation

Seventy-five percent of the participants believed enough training time
was given., The pilots indicated the field of regard was adequate. The
majority of pilots felt the wide field of view was adequate for the tasks
required, Fifty percent felt the narrow field of view was too small for
the transport mission,

Figures 7-36 through 7-42 show a consistent preference for the HMD=PMD
configuration across all aspects of mission ease and safety. The RMD-HMD
virtual HUD was considered the most dangerous and difficult display con-
figuration. Table 7-VI indicates that tha HMD~-PMD configuration would
result in lower altitudes and higher speeds than the dual HMD configura-
tions. The pilots expressed a preference for the copilot PMD for the pur-
poses of map vreading and navigation. They felt the virtual HUD made it
difficult to maneuver the head and use the CDU and that the time required
to regain the display crested a dangerous situation. All pilots felt the
HMD~PMD was the most effective and safe configuration and the HMD- HMD
virtual KUD the least effective and safe,

Additional comments by one or more pilots included:

1l The virtual HUD induced vertigo and did not allow a smooth scan

2 No contrast problems were experienced with the display combinations

3 A separate sensor is needed for the copilot

4 Panel mounted display locarion is parfect

3 The PMD does not restrict copilot head movements

6 Relocate HMD and communication wiring so as not to interfere with
movement s

] The HMD ie adequate, safe, and ideal for low light missions but PMD

preferred,

-
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TABLE 7-VI

Minimum Safe Altitude at 60 to 80 Knots and
Maximum Safe Speed at 100 to 150 Feet AGL

RADAR ALTITUDE (FT) AND SPEED (KN) BY DISPLAY CONFIGURATION |

L TeRRal ‘EE'I'TFB%)I:M%FEED' TFUDE | SPEED z.?ﬁ?b“d‘%‘“”’%ﬁr
FLAT 1126 |90 | 130 82,5 138.75 78.78
ROLLING HILLS 120 7128 | 13875 |es 1478 01.28
MOUNTAINOUS 1425 | 6378 | 168 58 178.25 5%.25
P OVERALLMEAN | 128 75 144588 | 675 154,16 63.78




The actual mission was rated significantly (p < 0.05) easier with the
CDU than without (Figure 7-43), When using the CDU, route changes do not
make the mission tasks more difficult (Pigure 7-44),

All the pilots felt they obtained enough CDU training. Seventy-five
percent felt the CDU helped to maintsin a low altitude, and 50 percent felt
it helped to increasa groundspeed. These respondents felt it eased naviga-
tion duties and increased orientation, which allowed more time for concen~
tration on flight tasks, The majority of pilots experienced no keyboard
problems or initialization problems with the different modes. The line
keys did not cause great difficulty for wmost of the CDU users, once they
solved their parallax problems. The copilots felt the tactical map display
was useful, Initialization of the DIR function required tha copilot to
leave his flight scan, and the pilot workload increased momentarily.

7.8 8ide Studies

Available time ullowed the conduct of side studies in the major
research schedula. However, these studias did not warrant full scale fac-
torial designs, nor was there enough data to conduct any objective analy~-
sie. Trc following subjective summaries are based on four pilots for sach
evaluation,

7.8.1 Radar Analog Scale

The pilot opinion waa mixed on the effects of removal of the radar
analog scale during hover. Half of the pilots believed it cleaned up the
screen and improved hover performance and half believed it degraded per-
formance and required more scan. Pilot opinion in favor of the changes
included improved midecrean scan for basic maneuvering. There was agree-
ment on & preference for the radar altimeter readout in digital 1 foot
increments below 25 feet.

7.8.2 Landing without the Simulated Crew Chief

Reaction was mixed on the requirement to land unaided by the crew
chief. Half of the pilnts felt that not having a crew chief had a moder-
ately to greatly deteriorating effect on their ability to hover and land.
The remaining pilots felt no effect, relying more heavily on symbology and
skill of controlling the hover. Halt believed that the sensor provided
enoush information to land easily and safely. These pilots raelied more on
slewing down than laft or right. The other half felt the sensor landing
created a dangerous and difficult condition. Scan patterns and crew inter-
action was not changed by not having « crew chief.
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7.8,3 Symbology Attitude Sized to the Wide Field of View

During flight, the pilots expressed some confusion regarding exactly
vhat changes had been made. All pilots were favorable on thair comments on
the changes, but uncertain as to what those changes wera, All the pilots
falt that their performance improved greatly and that the visual feaedback
vas nmuch more realistic. They were able to fly with a more sensitive reac-
tion to the terrain and symbology, at & lower altitude and faster spaed.
The actusl flight differences were less than the subjective differences.
The average altitude was 67 feet for sised symbology and 68 for the
unchanged. The average groundspeed was 76 knots for the sised symbology
and 69 knots for the unchanged. :

7.8.4 Partial Ground Btabilised Bansor versus Aircraft Btabilised Sansor

Seventy-five porcent of the pilots preferred the ground stabilised
ssnsor for tha final landing phase to provide a constant viaw of tha zons.
The pilots indicated a slight preference for the pilot using an HMD, fol-
lowad by ground stabilized PMD setisor, and aircraft stabilised, respec-
tlvolg. This group of pilots learned to fly with the HMD and were thus
mora familiar with this system. They were not accustomed to the manual
slew and squated the ground stabilised mode to the HMD (i.e., the pilot
keeps his head fixed on the landing zone).

7.9 Modified Cooper-Harper Ratings

The modified Coopsr-Harpar (C~H) rating scale was designed to assign a
numetical value to the pilot's judgement of overali field of view and HNVS
acceptability, Figure 7-45 veprasents the scaling codes.

Table 7-VII indicates the mean field of view ratings. The narrow

field of view is significantly (p < 0.05) less acceptable than the wide or
dual.

Table 7-VI.l contains the mean display scceptability ratings with and
without the CDU, The HMD-PMD configurations with the CDU is the most
acceptable configuration for enroute mission compatability., The pilots
felt the helicopter with this configuration could be flown below 100 fest
at greater than 60 knots with a moderate workload.

Table 7-IX indicates pilot ratings of the virtual HUD evaluation con-
figurations., Again the HMD-PMD with a CDU received the best rating., Both
HMD pilot groups (Tables 7-VIII and 7-IX) considered the HMD-PMD configura=-
tion to be the most sccepteble configuration with and without the CDU, In
Table 7=X, the pilots indicated & higher acceptability rating for approach
and landing with the HMD-PMD,

7.10 Summary

Pitot opinions were generally favorable toward simulation facilities.
The participants quickly learned the requirements and the operation of the
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FIELD OF VIEW ] MEAN RATING

TABLE 7-VII

Coopar=-Harpur Rating:
Enroute FOV

TABLE fe1X

Goppowﬂnﬁpo't' Rating:
Enroute Virpual HUD/CLD

HMD-PMD ' 428
HMD-HMD .28
(COMMON VIDEO)

HMD-HMD 7,00
(VIRTUAL HUD)

e
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simulator. Pilots with more CH-53 experience had a more difficult time
learing to fly the simulator than those with less CH-53 expsrience.

Most pilots found all the necessary flight information on the PMD and
used the instrument panel as occasional backup, The turnt and slip indi-
cator was frequently the instrument the pilots desired on thu PMD. They
had difficulty learning the use of the veloecity veactor because they were
using it at first only as a turn and slip indicator,

All pilot groups believed the training packages and procedures wers
advantageous, Several groups requasted lesrning to hover and land prior
to learning the flight symbology. The pilots felt it would ba benaficial
to learn to control the simulator in a hover prior to learning the flight
requirements,

The symbology evaluation was generally favorable to the flight sym-
bology set during approsch and takeoff. For landings, trends indicate a
prefarence for the hover symbology set followed by the hover meter.

The wide and dual fields of view ware preferred over the nartow. Wide
and dual resulted in little subjective variability.

The HMD-PMD evaluatioun resulted in a definite preference for thé pilot
to have a helumet display. The copilot preferred an HMD for mission ease
and a PMD for misaion safety., The enroute evaluation indicates a con-
sistent preference for the HMD-PMD configuration.

The copilot falt that the virtual HUD configuration was wore difficult
and dangerous than the common HMD video or HMD~PMD configurations. Again,
the HMD-PMD was the praferred display configuration,

The CDU was found to be an extremely useful navigation tool, It
enables the copilot to accurately assess present position, desired posi-
tion, and oversll mission. The HMD increased the copilots task loading,
but operation of the CDU was still possible.

The related studies indicated that the symbology attitude should be
siged to the wide field of view with the pitch ladders set at 5 and 10
degrees. The pilots still desire some changes in the radar altitude con-
figuration but not necessarily the onas examined, If tha PMD is used for
the pilots display, then the ground-stabilized option is benefical,
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8.0 CORCLUSIONS

The Jimulation experimdnts Gave-demonstrated the ability of the pilot
and copilot to fly a night mission at low altitudes, ranging from 50 to 130
feet AGL, in a CH-53D simulabion with the night visionics equipment package
dascribed praviously. '
indicated that enroute flight profiles over the simulator's rolling terrain
can be accomplished at airspeeds ranging from 60 to 80 knots with clearance
altitudes averaging 100 feet. This study was conducted with a revised ter-
rain model with improved altitude feedback cues that produced higher clear-
ance altitudes and somewhat lower airspeeds than the prior simulations.
The actual speeds and altitudes will be verified in the planned HNVS flight
tests., The simulation confirmad the minimum system requirement of a gim-

balled FLIR with a navigation system and with ancillary hardware such as a
aymbol ganerator.

Although this experiment requirad no dats bs gensrated on dead rsckon-
ing versus navigeation system requirements, both pilot performance and opin=
ion data veitevatad thcq;:;pcod crew station workload with Doppler command
stesrin N}nformation. éfcorporation of the navigation cufubili:y of
the,0BUaleo wi ,.'.!&E.\é'.}‘.wj .

t)Pn'("(.\,!) “b K "-'U/ 4] ,,}

Data did reaffirm creéW interaction and extensive training as eritical
to mission success. COrew tasking is not as well defined for this expari-
ment as in Phasas I and II. Phases I and II data showed the pilot at the
control of the aircraft to be the primary sensor operation when using the
PMD. Each pilot group for this experiment was briefed recommending the
Phases I and Il tasking procedurs. The majority of the pilot groups during
thease phases found their beut performance with the pilot in control of the
sensors, A few groups exparimented with crew tasking, however, and allowed
the copilot total mensor gontrol with the pilot raquired to request sensor
ugage. Also, some crews allowed the copilot to slew the sensor anroute
after warning the pilot but never allowed the copilot to slew in a hover.
In esmence, the night transport mission appears to be a two pilot tawk with
& constant verbal exchange betwsen pilots. The best performing pilot

groups appeaved to be those where the pilot controlling the alrcraft was
also the primary sensor operator.

in further reducing the navigat

The hover symbology set resulted in the most stuble approach profile
and successful landing vesults, The symbology evaluation indicated the
flight symbology provided sufficient piloting information to maintain air-
craft control during the initial approach phase. Most piluts chose to
bring up the transition Lover eymbology at approximately 35 knots and 0,3
nmi from the touchdown point. The horisontal presentation of the transi-
tion hover symbology provided additional information for continued alrcraft
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decelaration in preparation for establishing a hover. Most pilots chose to

bring the aircraft to almost & h.ver (approximately 5.0 knots) before

bringing up the hover aymbology. The increassd gains and hover position
symbol available with hover symbology allowed the pilots to precisely

:lt:?lllh a hover and to mark their intended point of touchdown prior to
anding.

The pilots did not find tho 25 degree narrow FOV more useful for genu~
rating additional information on checkpoint identification or accessing the
landing mone than the visual information provided Ly the 30 degres wide
POV, Although continually encouraged by the expurimental team to use the
narrow POV, the pilots indicated a clear preference to the wide FOV. The
single, wide FOV appears to provide suffisient information for the night
transport miweion.

The majority of pilots prefarrad flying the night transport mission
with tha HMD over the PMD regardiess of which display configuration the
sopilot was using. The preacise sleving of the sensor with the HMD as cuvan~
manded by the pilot's natural head movements allowed sontrol of the sensor
without changing hand position on the collective during oritical flight
maneuvers as required vhen operating the sensor manually on the PMD. Addi-~
tionally, the one-to-one visual presantation available with the HMD pro=-
vided increased visual feedback over the minification present on the PMD,

The majority of copilots praferred using:the PMD over HMD. They found
the constant moving imagery somewhat distracting when performing the CDU
line key and master function taeks.

The copllot group eavaluating the virtual HUD mode of IHADSS did not
find this mode useful. Of particular concern was the copilot's lows of
symbolic mircraft attitude and alticude information and lowss of imagery
while performing cockpit taske using the virtual HUD,

The preferred cockpit display configuration wam with che pilot using
the HMD and the copilot using the PMD. The HMD provides the pilot with
precise slewing control over the sensor and more visual feedback informa-
tion than available with the PMD. Tha PMD provides the copilot with sut-
ficient aircraft position and attitude and altitude Information, yet allows
sase of cockpit workload vasks without visual interferance while using the
KMD or complete loss of sircraft information while ueing virtual HUD,

The copilots found the CDU to be a useful navigational aid in reducing
the navigation workload task. The present keyboard inputs requirad for
enrouts changes, however, are somevhat cumbarsome because of the nonalign-
ment of the CDU symbology and the appropriate line kays. This resulted in
copilot confusion and numerous copilot input errors, The lack of an {ndi~
cation for positive CDU line key actuation also resulted in numsrous
copilot 1ine key input errors,

On longer enrouts navigation legs, the copilots were required to con-

tinually changa the ODU tactical map display scale, or to manually recenter
tha scale to prevant the helicopter symbol from disappaaring off the adge
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of the ODU display. Consideration should ba given to providing an auto-
matic scale change or racsntering capability of the CDU map mode,

The CDU kayboard lighting function is presently coupled to the non~
flight instruments rheostat. When the nonflight instruments were dimmed
to low intensity levels and were still readable by the copilot, the CDU ' !
keayboard lighting vanished, Also, the CDU keyboard lighting is white, |
whereas all other cockpit instrument lighting is red. GConsideration should
bea given to providing a separate lighting rheostat for the CDU keyboard and
to changing all lighting in the cockpit to the same color.

Pilots tendad to slew the sensor more frequently ln asimuth and eleva-
tion than observed during Phases I and II, When using the PMD the majority
of usage in asimuth was within 15 degrees of centered line of sight.
Infrequant usage was observed in asimuth to 60 degrees of centered line of
sight. The majority of usage in elevation was to look down within 33
degrees of cantered line of sight., Infrequent usage was observed in sleva-
tion to look down to 60 dagrees of centered line of sight. The pilots
rever intentionally slewed the sensor up while using the PMD. Sensor usage
increased when the pilots returned to using the PMD after ledrning to slew
the sensor with the HMD, Reaffirming the sensor usage observed during
Phases I and IT, it appears a minimm of 45 degres sensor field of regard
in asimuth and 15 degrees up and 40 degrees down in alevation should be
adequate for the entire enroute, approach, and landing phases of the night
transpoct mission, _

The pilots indicated that sizing the symbology to the wide FOV aided
in more precise plitch attitude control of the aircraft,

e R

The pilots indicated that the corridor 1ine and altitude reference bar
was not useful for the night transport mission. v

e

The majority of the pilote indicated the digitul presentation of tor-
que vas sufficient for power management and the graphical presentation of
torque was not required,

The pilots indicated that the digital presentation of radar altitude .
would be more useful for low altitude control if presented in units below ;
25 feet AGL.

The pilots found the point of interast marker to be extremely useful
as a communication tool,

Several pilots indicated the need for an aural low altitude warning
system below 50 feet AGL.

The pilots indicated a requirement for a sideslip (ball) symbolic
indication to minimise yaw angles while maneuvaring.

incorporated no failure analysls of symbology. Consideration should be

given, however, to the proper arrangement of backup instruments and proper

lighting intensity control, &
4
§

The pilots seldom used the backup instruments since this experiment %
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The side study pilot group evaluating the partial ground stabilized
sensor indicated a reduction in workload required to keep the landing zone
in sight while maneuvering the aircraft during the approach phase. This
data group was too small to make a positive judgement on the total value of
the partial ground stabilized sensor to the night transport mission. This
requirvement should be evaluated during flight test.

Several pilots ind{cntld the manual sensor slew control sensing was
backward. The majority of pilots, however, preferrsd the existing configu-
ration in which upward movement of the control slews the sensor upward,
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9.0 RECOMMENDATIONS
9.1 Recommendad HNVS Configuration

The recommended minimum HNVS configuration for flight test evaluation
ls a Doppler navigation system, gimballed sensor (+45 degrees azimuth, and
15 degrees up and 40 degrees down elevation), dispTa; -configuration with
pilot on HMD and copilot on PMD, and a single 350 degres FOV. Since the
night transport mission is eavisioned to be of long duration, the cockpit
display sonfiguration will require both pilot seats to be aquipped with
HMDs and PMDs to allow an exchange of pilot/copilot duties and to reduce
crew station fatigue,

9.2 Symbology

The following changes in symbology are recommended prior to f£light

tast!

1l Incorpnrate the hover symbology set including the transition hover
symbology

2 Do not incorporate the virtual HUD mode in the IHADSS

3 Size the symbology (attitude) to the wide 50 degree FOV

4 Bliminate the corridor line

5 Eliminate the altitude reference bar

& Eliminate the graphical presentation of torque

] Present the digital radar altitude presentation in units below 25
feet AGL

8 Incorporate a symbolic sideslip (ball) presentation,

9.3 Controls and Displays

The following changes in controls and displays are recommended prior
to flight teet:

1 Realign the CDU symbology with the appropriate line kays
Provide a positive indication for CDU key actuation

2
3 Provide a separate rheostat for the CDU keyboard lighting functlon
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Evaluate an sutomatic scale change or recentering capability for )
the CDU map mode during flight tests ;'

(1]

Provide CDU keyboard lighting of the same color as the remaining
cockpit instruments

Provide a low altitude warning system below 30 feet AGL

I~ lo
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Provide cockpit backup instruments with consistent lighting inten-
sity control

Evaluate the partial ground stabilired sensor requirement during
flight test

joo
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Bvaluate the manual sensor slew control sensing activity during 1 !
flight test. { :

9.4 Crew Tasking i .

Evaluate the crew tasking allocations during flight test to determine
minimum craw station workload.
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APPENDIX A
CH~53 HNVS BIMULATION
GFE LIST

Item No. Quantity Dascription

1

1

Complete CH-53 Simulation Cockpit, Drawing Number
51579000, Rev. A
L ]

8lew Controller with Centering Switch, Model No, 485
HNVS Control Panel

BADI Control Panels

HIS Fail Panel

Contrul and Display Unit (CDU) Part No., 622-2698-001

Helmet Sight and Display System (IHADSB) Consisting
of:

Display Electronics Uait (DEU) Part No, BGLI13AAOL,
S/N Q7

stghc Elactronic Unit (8RU) Part No. BGL142AA01,
8/N qQl

Display Adjust Panel (DAP) Part No. CGlO082AA01,
8/N Ql4

Boresight Reticle Unit (BRU) Part No, JG1099AA01,
8/N R4

Sengor Sutrvey Uni: (88U) Part No. LGL127AA0L, B/N Q26,
Q29 '

Helmet Display Unit (HDU) Part No. HG1041AAO2, 8/N Rl4

Integrated Helmet Unit (IHU)
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AFCS
AGL
ANOVA
BMDP
c=H
¢Du
DIR
FLIR
FTL/PLN
FIP
Fov
HDU

H1S

HNVS
HUD
THADSS
IRDS
108

LZ

MIK

NAV/EADI

ABBREVIATIONS
automatic flight conrol system
above ground lavel
analysis of variance
blomedical data package
Cooper~Harper
control display unit
direct-to
forward looking infraved
flight plan
fly=to=point
fleld of view
helmat display unit
helicopter int’gration systen
helmet mounfod display
Helicopter Night Vision System
head up display
Integrated Helmat and Display Sight Bystem
infracred detection system
line of asight
landing sone

master function key

Navigation/Electronic Attitude Director Indicator
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PDG
PMD
8A8
SPURS
STL

programmable display generator
panel mounted display

stability augmentation system

Special Purposs Rotorveraft Simulator

Simulation and Test Laboratory
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