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PREFACE

This report describes the development, evaluation, and application of night
vision goggles (NVG) modified with head-up display (HUD) symbols. The NVG/
HUD system was designed for flying night, visual flight rule (VFR), low
level operations. The results proved to be generalizable to a variety of
aircraft and missions. The report was prepared in part by Systems Research
Laboratories, Inc. (SRL), 2800 Indian Ripple Road, Dayton, Ohio 45440, under
Contract F33615-82-C-0511. The work was performed in support of the

Harry G. Armstrong Aerospace Medical Research Laboratory (AAMRL), Pro-

ject 7184-12-15, Lighting and Light Control, under the direction of

Mr. Jeffrey L. Craig for the Human Engineering Division (HE), Wright-
Patterson Air Force Base, Ohio 45433,

The authors gratefully acknowledge the contributions of Dr. Harry Lee Task
who designed and developed the NVG/HUD display, the assistance of Mr. David
Lambertson who designed and reported the aircraft instrumentation inter-
faces, and to Ms. Carla Reese (SRL) who tabulated the pilot questionnaire
responses.

Special acknowledgements are made to the following MAC personnel who
coordinated the field and flight test trials:

Capt. Doyle Walker, Airlift Center, Pope Air Force Base, NC

Maj. Terry Silvester, SMOTEC, Hurlburt Field, FL
Maj. Richard Runyon, SMOTEC, Hurlburt Field, FL
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Section 1
INTRODUCTION

This report documents the development, evaluation, and application of night
vision goggles (NVGs) modified with head-up display (HUD) symbols for flying
night, visual flight rule (VFR), low level operations. The NVG/HUD combines
NVG compatible symbols, infinitely collimated for a monocular presentation,
and a binocular view of an infrared scene. The Harry G. Armstrong Aerospace
Medical Research Laboratory (AAMRL) conducted the evaluation program for
special Military Airlift Command (MAC) operations.

The NVG/HUD was used by 30 pilots flying eight models of jet and turboprop
cargo aircraft and conventional helicopters in night sorties. Question-
naires and interviews were used to guide design changes, suggest training
requirements, and assess pilot acceptance of the NVG/HUD device.

This section includes a brief description of requirements for development of
the NVG and NVG/HUD for night, low level operations. The approach for
qualifying the NVG/HUD in successive aircraft is described, a background
discussion of NVG state of the art is presented, and a list of test objec-
tives is included. Section 2 includes the critical mission factors for all
of the aircraft. (Unless noted otherwise, the term "aircraft" includes
fixed-wing and rotary-wing aircraft.) Descriptions of NVG/HUD equipment,
crew experience, and the development of the evaluation questionnaires are
also highlighted. Section 3 summarizes the results of the in-flight

tests. Section 4 presents the final display/control configurations, sug-
gested training requirements, and recommendations for NVG/HUD applications.

Appendices include descriptions of the NVG/HUD demonstration device used in
this study and the questionnaires and their responses used to evaluate the

device.

BACKGROUND

Godfrey (1982) describes the development and use of NVGs in military

crewstations:
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NVGs have now attained a level of sophistication such that
aircraft can be safely and comfortably flown using these
devices. NVGs operate by amplifying reflected low intensity
visible and near infrared (invisible) light. The goggles most
commonly referred to are AN/PVS-5 (Generation II) and ANVIS
(Generation III) (Aviators Night Vision Imaging System). Gener-
ation I1 goggles can be helmet-mounted but are rather heavy and
awkward. The user must see everything through them including
cockpit instrumentation. The Generation I1 produces a bright
target image at light levels as low as quarter moon illumina-
tion. The latest NVGs (Generation III) are helmet-mounted,
lightweight, and well balanced so that the person wearing them
can operate unhindered. The design permits use of the goggles to
produce a clear green picture of the world around, while at the
same time permitting use of the naked eye to look under the
goggles and read instrumentation or other information. Genera-
tion II1 NVGs produce a bright target image at light levels as
low as starlight illumination.

As with any new technology introduced into areas as complex as an
aircraft crewstation, there are a number of problems which must
be resolved. The most significant problem is the light which is
enhanced to produce a picture of the outside world. The wave-
length of this 1ight is between 600 to 900 nanometers. This
means that incandescent lamps or any other 1ight whose wavelength
is longer than approximately 525 nanometers (green light output)
will also be amplified and interfere with the image of the out-
side scene. VYellows, reds, and infrared either "b1ind" the
goggles or cause them to protectively shut down much as the
unaided eye adapts to very bright light.

The response of the goggles used in this study are shown in Figure l.

APPROACH

AAMRL épproached the problem of flying very low levels, at night, by pro-
viding HUD symbols on a combining glass over one of the goggle eyepieces.
The concept was to provide sufficient position and attitude information to
allow an "eyes-out" orientation during special operations. Several modes of
mission-oriented symbols were included as pilot options.

As shown in Figure 2, the AAMRL concept was to generate symbols based on
digitized data from aircraft sensors, display the symbols on a CRT, and then
fotus the CRT image on a 400 x 400 element, fiber optic cable., The cable
transmitted the image to a combining glass positioned in front of a single
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NVG lens. The pilot's eye saw the symbols collimated at infinity, and
within a wider field-of-view of an infrared image of the real world.

The overall approach was to select a feasible set of military standard HUD
symbols and use actual 0T&€‘f1ight experience with a demonstration device to
obtain user modification requirements and acceptance information. For each
aircraft test, pretest discussions were held with MAC personnel to derive a
symbol set and control panel that appeared t*o satisfy the aircraft's mission

requirements.

HQ MAC authorized the Operational Feasibility Test and Evaluation (OFT&E) of
the NVG/HUD based on successful trials in preliminary C-141B flights:

Operational incidents have highlighted the need to enhance the
safety of night special operations missions. At HQ MAC/XPQ
request, the AAMRL developed a HUD system for C-141B aircraft
that is compatible with NVG use... The C-1418 test results
verified the usefulness and potential of the system to enhance
C-1418 special operations missions. (MAC Project Plan 15-84-84)

Over a l-year period, MAC directed that NVG/HUDs be flown on the following

aircraft:

C-141B C-130E (AWADS) HH-53H (PAVE LOW)
MC-130E (TALON) HH-53B/C (SLICK)
AC-130 (GUNSHIP) UH-60A (BLACKHAWK)
HC-130P

The AC-130 data were not available for this report and may be requested from
AAMRL. The fixed-wing and rotary-wing aircraft used filtered incandescent,
filtered electroluminescent (EL), and blue cockpit lights with blue second-
ary lights to achieve NVG use compatibility. '

The test objectives listed in Table 1 were obtained from MAC test directives
and personnel and included requirements for detailing hardware, software,
tra1n§ng, and operational procedures. A special objective addressed the
possible effects of levels of lunar (moon) illumination on NVG adequacy.
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TABLE 1. TEST OBJECTIVES

Determine usefulness and potential to enhance special operations.
Develop symbols, symbol format for each aircraft (or mission mode when
appropriate). Minimize the number of symbols, modes, and controls
without compromising crew safety or adding to crew workload. *

Assess effects of night illumination.

Develop control requirements.

Determine compatibility with current mission equipment.

Develop operational procedures.

Quantify training requirements.
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Section 2
METHOD

This section summarizes the mission planning factors, the NVG/HUD equipment,
the experience levels of the crews, and the development of the question-
naires used for subjective ratings on system performance.

MISSION PLANNING FACTORS

The mission planning factors that affected NVGs during special low level
flight usage are listed in Table 2.

TABLE 2. MISSION PLANNING FACTORS

Factors
Sortie Duration
Aircraft Altitude (feet) Airspeed (knots)* (hours)**
C-1418B 500-1000 230-300 4
C-130E . 500-1000 210-220 6-7
MC-130E 500-1000 - 210-220 6
AC-130H 6000 190-200 5
HC-130P 500-1000 210-220 5
HH-53H 50-500 60-130 4
HH-53B/C 50-500 60-130 4
UH-60A 50-500 60-150 2

- D G S G S D P S S G YRR S W GRS D D D TR B WD N D S GU D WP P TS WP G WD WP W R D W WD SE D S G WS W W N K N N G P e B WY P T W R N 8P

SPECIAL MISSION REQUIREMENTS
Air Drops '
Blackout Landings*
Hover Operations
Aerial Refueling
Full Moon to No Moon Conditions
3000-Foot Ceiling, 3 nm Visibility Minimums
Covert Operations, Operating With Minimum Number of
’ Internal and External Lights Set at Lowest Intensities

*Excludes hover airspeeds.
**Excludes in-flight refueled sorties.
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NVG/HUD EQUIPMENT

The equipment configuration designed for the flight demonstration is shown
in Figure 3 and is described in more detail in Appendix A. The symbols used
for each aircraft evaluation are shown in the questionnaires (Appendix B)
and drawings of the final symbol sets proposed for fixed-wing and }otary-
wing aircraft are shown in Figures 20, 21, 22, and 23.

’ ARINC 429

DATA BUS

SYMBOL GENERATOR

AND
DATA C::;ECUON CRT /OPTIC COUPLER
FORMATTING

OPTICAL
COMBINER

DISPLAY

Figure 3. NVG/HUD Configuration

The flight instrument raw signal information was collected by the aircraft's
signal processing computer, converted into Arinc 429 formatted data, and
transmitted to the display. The display unit converted the data to a sym-
bolic display on a cathode-ray tube format. The symbology display was
reflected from a front surface mirror to a relay lens which focused the
image onto a flexible fiber optic bundle. The bundle transmitted the tmage
to the NVG where a collimating lens moved the symbol image to optical infin-
fty. This image was then reflected from a beam splitter into the NVGs. The
observer viewed the image of the HUD symbols superimposed over the outside
view.
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Several modes of mission oriented information were included as pilot
options. Figures 4 and 5 shows the HUD symbols selected for the transport
and helicopter flights. Generally, for modes such as SEARCH and LANDING,
the number of symbols was reduced to avoid cluttering the center of the IR
image when the pilot is concentrating on ground patterns and landmarks.

Some examples of special features of the symbology are listed in Table 3 and
were varied for several of the aircraft.

The final control panel used by the pilots is shown in Figure 6. The panels
were positioned at various cockpit locations, depending on the type of air-
craft., A design goal was to include only critical pilot control functions
and automate other functions (e.g., focus, contrast).

CREW EXPERIENCE

Table 4 summarizes the flight experience 1evé1 of the pilots used in the
study. The data are incomplete because of incompleted questionnaires.

The number of pilots fully qualified in several MAC special operations units
is very small. For example, the six C-141B aircraft commanders (ACs) listed
in Table 4 represented the majority of the total C-141B ACs qualified for
this mission. In general, the pilot population was highly experienced in
total flight time, time in the aircraft, and (except for combat) time with

the mission,

QUESTIONNAIRES

The same MAC questionnaire (Appendix B) was used to obtain pilot-experience
and comments on mission adequacy and training requirements. Several AAMRL
developed questionnaires (Appendix B) were used to obtain five-point ratings
and comments on symbols, symbol characteristics, symbol modes and controls,
and was tailored, where appropriate, for each aircraft. [For this report,
the term "mode" means the display of a symbol set for a portion of a mission
(e.g., enroute mode, landing mode)]. The results from the questionnaires
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HEADING ANGLE

TRUE HEADING
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FIXED AIRCRAFT
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Figure 4. HUD Symbols Used for Fixed-Wing Flights
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TRUE
DISTANCE
GROUND HEADING 10 GO
SPEED
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BOX AND CROSS

RAD
PITCH/ ALT
ROLL BAR
TIME

SEARCH HOVER

Figure 5. HUD Symbols Used for Rotary-Wing Flights
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TABLE 3. SPECIAL SYMBOL FEATURES

Altitude

Fixed Digit

Pitch

Displays barometric or radar altitude, radar changes in
10-foot increments below 1000 feet, 100-foot increments above

1000 feet.

The last zero for altitude and vertical velocity is an .
unchanging zero (0) to reduce distraction of a fast changing

digit.

Over 10 degrees of pitch, a 10's digit is displayed to the
left of the aircraft and 1's unit to the right.

BARO 4 PUSHBUTTONS
<::> BARO - Selects barometric pressure
MODE - Selects symbol set for mission segment
MODE POWER - Turns HUD equipment ON
@ @ PITCH - Trims the aircraft symbol to horizon
POWER bar for pitch reference
PITCH

©

1 RHEOSTAT (not shown, mounted on helmet)
BRIGHTNESS - Changes symbol brightness

Figure 6. NVG/HUD Controls

are presented in Table 4 (Pilot Experience), for each type of aircraft in
Section 3 (Results), and in greater detail in Appendix c.
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TABLE 4. PILOT EXPERIENCE -

C-1418 C-130E  MC-130E  AC-130 HC-130P HH-53H  HH-53B/C  UH-60A

Number of P{lots 6 5 7 1 2 5 2 2
Crew Positions
FEAC 2 1
114 2 1
Pilot 1 3 3
Total Flight Hrs (mn)* 2350 1866 950
Months NVG Qualified (mn) 20
»*SOLL I1 Flight Hrs (mn) 250
Months SOLL I1 Qualified (mn) 21

* (mn = average mean)

w#Special Operations Low Level I1 includes the use of NVGs for night airdrops and landings under blackout
conditions.
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Section 3
RESULTS

This section summarizes the pilots' comments on the NVG/HUD system and their
" recommendations for system modifications and procedures for operating the
equipment. The data are presented as average ratings (mean = sum of
ratings/n of respondents) individually for each aircraft, in the order the

aircraft were flown.

For purposes of brevity, the crew's comments on symbol characteristics have
been summarized in Figure 9. Additional pilot ratings and comments have
been included in Appendix C. The crew's terms for symbols (e.g., heading,
track, and mag heading) were retained for the report.

Generally, the fixed-wing and rotary-wing pilots use NVGs to maintain an
outside scan while the copilots scan inside and ensure the integrity of
aircraft velocity and attitude. Navigators and third pilots may share
inside and outside vigilance duties in fixed-wing aircraft and verbally
provide critical airspeed, altitude, and range values to the pilot.

C-141B FLIGHTS

The four-engine C-141B heavy jet transport flies Special Operations Low
Level IT (SOLL II) missions that include night, blacked-out airdrops or
landings, and takeoffs from remote fields with three pilots, two of them

wearing NVGs,

The fixed-wing questionnaire (Appendix B) was used to obtain the pilot
ratings shown in Figure 7.
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RATINGS (mn)

UNACCEPTABLE ACCEPTABLE EXCELLENT

>

1 2 3 4 5

SYMBOLS
GROUND SPEED |

PITCH LADDER |

AIRCRAFT ]
HORIZON ]
IAS |

MAG HEAD |
TRUE TRACK I
DRIFT ANGLE | ]
BARO ALTITUDE |
VERTICAL VELOCITY
RADAR ALTITUDE |

D DDA ODPTOEDODOOOOD

CONTROLS : I
INTENSITY |
FOCUS
BARO ALTITUDE |
PANEL LOCATION

N W aEa O

Figure 7. C-141B Pilot Ratings of Symbols and Controls (Total n=6)

Using the five-point rating scale, the HUD symbols were rated as being
between "more acceptable” and “excellent" except for the drift angle
symbol. The three system controls (to adjust intensity and focus and to
reset the barometric altimeter) were rated as more than acceptable. The
location of the control panel was rated acceptable; however, its relocation
was also recommended. Visual fatigue was rated as below average to none and
display contrast as being adequate for most night sky conditions under
various levels of illumination. In terms of the system's contribution to
mission success, the pilots generally agreed that the NVG/HUD enhanced
control of the aircraft, reduced interphone communication and increased
f]ipht safety (terrain clearance).
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C-130E FLIGHTS

The C-130E is an extended range version of the C-130B with large underwing
fuel tanks and is equipped with an Adverse Weather Aerial Delivery System
(AWADS).

In addition to ratings on symbols and controls, ratings were obtained on
symbol sets for three mission modes for the rest of the aircraft in this
report. Figure 8 presents the ratings of adequacy of NVG/HUD symbols and
controls and Figure 9 presents the ratings on mode symbols.

Four pilots rated the drift angle symbol as acceptable but did not use it
and recommended deleting it in the operational system. The aircraft symbol
size was considered too small to be seen separate from the horizon symbol
and preferred a new shape ( or ) that was closer to the ADI symbol. The
vertical velocity symbol was rated as desired but its movements during the
flight were erratic and unreliable. For the standard and enroute modes, the
sky pointer was considered superfluous, and IAS was recommended to replace
TAS. Critique of the landing mode included comments on deleting the mode,
replacing it with the normal mode, and deleting mag heading and the lubber
line. Two pilots recommended enlarging the symbol area ("doubling it") for
easing readablilty. Control panel location in the cockpit was considered
acceptable; however, one pilot suggested moving it to the forward end of the
pilot's left control panel. A1l of the controls were rated near excellent,
and one pilot recommended moving the mode pushbutton to the top of the panel
because it is the most used control.
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Figure 9. C-130E Pilot Ratings of Symbol Modes (Total n=5)
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MC-130E FLIGHTS

The MC-130E (Combat Talon) aircraft is a low level penetration version of
the C-130E. The fifteen aircraft are flown by special operations squadrons
based in the Philippines, West Germany, and Florida.

Figures 10 and 11 present the MC-130E pilot ratings on symbols, modes, and
controls. The MC-130E pilots rated symbol, symbol sets, and controls lower
than the other aircraft pilots in this study. Several pilots suggested
deleting the drift, sky pointer, lubber line, baro alt, vertical velocity,
and bank angle scale symbols. The enroute mode was recommended for deletion
and AGL replaced with the MSL symbol. Magnetic heading, lubber 1ine, baro
alt, and vertical velocity symbols were recommended for deletion in the
landing mode. The control panel (and particularly the mode control) was
recommended for placement nearer to or on the control yoke. The need for a
pushbutton method of controlling baro alt and pitch were rated low. The
location of the brightness control {on the hélmet) was a problem for some
pilots. Washout of the image from ground 1ights during a short final;
excessive eye fatigue from changing focus between symbols and field; some
restraint of head movement from the helmet; integration of INS inputs for
navigation; and possible body movement problems in an emergency were
mentioned by the pilots.
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AC-130 FLIGHTS

The data from these flights were not available and are not reported in this

study. Queries for these data should be addressed to Jef frey Craig, AAMRL.
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HC-130P FLIGHTS

The HC-130 is an extended range version of the C-130 with upgraded engines
and specialized search and rescue equipment for the recovery of aircrews.
Twenty HC-130s were modified to HC-130Ps for refueling helicopters in
flight.

Figures 12 and 13 present the HC-130P pilot ratings on symbols, modes, and
controls. The sky pointer and lubber line were recommended for deletion and
increased size recommended for the bank angle, horizon, and drift symbols.
Triangles (M) were suggested for the sky pointer and bank angle symbols.

One of the two pilots did not use the mode, baro, or pitch pushbuttons and
both pilots recommended dual controls for brightness.

Possible problems in moving around the cockpit in an emergency, the need for

checklist calls for mode selection, and display tuning problems were men-
tioned by the pilots.
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RATINGS (mn)

UNACCEPTABLE ACCEPTABLE

SYMBOLS

GROUND SPEED
PITCH LADDER
AIRCRAFT
HORIZON

IAS

MAG HEAD

DRIFT

VERTICAL VELOCITY
RADAR ALTITUDE
BANK

BARO ALTITUDE
SKY POINTER

CONTROLS
LOCATION
MODE
BARO ALTITUDE
PITCH
BRIGHTNESS
PANLE LOCATION

1

2 3

EXCELLENT
5

NO RESPONSE

Figure 12, HC-130P Pilot Ratings of Symbols

and Controls (Total n=2)
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NORMAL
RATINGS (mn)
NOT MODERATE ABSOLUTE
REQUIRED REQUIREMENT REQUIREMENT
1 2 3 4 5

3

PITCH
BANK

HEADING

VERT VEL POINTER
GROUND SPEED
IAS

MAG HEAD

RADAR ALT

BARO ALT

VERT VEL SCALE
LUBBER

DRIFT

AIRCRAFT

BANK

SKY POINTER |

- | )
ENROUTE |

MRV NDN OO ONNMNOMNNNDDODN

PITCH |
BANK |
|
|

HEADING

GROUND SPEED

IAS

MAG HEAD

BARO ALT

LUBBER

DRIFT |

AIRCRAFT |

BANK |
|
|

I I U R O O OO SO O SR O

SKY POINTER l

LANDING

HEADING
VERT VEL POINTER
1AS

MAG HEAD

BARO ALT

RADAR ALT

VERT VEL SCALE |
LUBBER |
DRIFT : |

DD NN NMNNDNNMNDORN

Figure 13. HC-130P Pilot Ratings of Symbol Modes (Total n=2)
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HH-53H FLIGHTS

Nine HH-53Cs were modified to HH-53H aircraft (PAVE LOW) for night and
adverse weather operations. Their equipment includes a stabilized forward-
looking infrared (FLIR) system, an inertial navigation system, a new Doppler

navigation system, and a computer projected map display and radar from the

A-7D.

Figures 14 and 15 present the HH-53H pilot ratings of symbols, modes, and
controls. The time-to-go, ground speed, true heading, and distance-to-ygo
were rated as heing too small. Again, for all of the modes, many of the
symbols were rated as being too small in size. Ground speed, true heading,
steering, and radar altitude were rated as the most required symbols.
Inadequacy of display when lookiny toward brightly lighted areas; relocation
of symbols to edge of display; need for symbols focused at infinity; eye
strain helped by changing intensity, relief of workload; being able to turn
of f the bright FLIR display and reduce cockpit i1lumination; rotation of the
NVG tube in the direction of the hanging bundle; and location of the mode

select on the cyclic stick were reported by the pilots.
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RATINGS (mn)

UNACCEPTABLE ACCEPTABLE EXCELLENT

SYMBOLS 1 2 3 4 5
GROUND SPEED l
TRUE HEADING I
HORIZON |
TF BOX [
TIME | |
WAYPOINT STEERING POINT I

DISTANCE TO GO ‘ |

l
l
l
l
I
|

RADAR ALT

CONTROLS
NORMAL
HOVER
SEARCH

e T e e — e e

Figure 14. HH-53H Pilot Ratings of Adequacy of Symbols
and Controls (Total .n=5) quacy Y
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GROUND SPEED
HEADING
HORIZON
RADAR ALT

WAYPOINT STEERING BAR

DISTANCE TO GO
TIME

AIRCRAFT

TF BOX

GROUND SPEED
HEADING
DISTANCE TO GO
RADAR ALT

VVi

TIME

VELOCITY VECTOR
LOCAL VERTICAL

GROUND SPEED
HEADING
DISTANCE TO GO
TIME

RADAR ALT

Figure 15.

NORMAL
RATINGS (mn)

NOT MODERATE ABSOLUTE

REQUIRED REQUIREMENT REQUIREMENT

1 2 3 4 5

| I |

| | |

| I

I

I

| I

I I |

I

I

! I

HOVER |

I I

I I

I |

I

] I

I I

|

[ |

seéncu I

| |

I I

I

I I

I 1

HH-53H Pilot Rating Symbol Modes (Total n=5)
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HH-53B/C FLIGHTS

The HH-53B twin turbine heavy 1ift helicopter was ordered for the rescue and
recovery service. It has all-weather avionics and armament and is faster
and larger than the Jolly Green HH-3Es. The helos can carry 38 passengers

at 170 knots.

Figures 16 and 17 present the HH-53B/C pilot ratings on symbols, modes, and
controls. Based on two pilot subjects, the ground speed, mag heading,
distance-to-go, and radar altitude symbols were rated as being too small in
vertical size. The velocity vector and steering bar symbols were inopera-
tive and not rated. Time-to-next-waypoint was rated as not needed in the
hover mode. The mode pushbutton was recommended for a yoke location. Mag-
netic heading and radar altitude were rated as the most required symbols.
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RATINGS (mn)

UNACCEPTABLE ACCEPTABLE EXCELLENT
1 2 3 4 5

SYMBOLS
GROUND SPEED
HEADING
HORIZON ]
DISTANCE TO GO
RADAR ALT |
TIME TO NEXT WAYPOINT
wi

CONTROLS
MODE

BARO :NO RESPONSE

PITCH

Figure 16. HH-53B/C Pilot Ratings of Adequacy of
Symbols and Controls (Total n=2)

628

I L LA



GROUND SPEED
HEADING

STEERING BAR
HORIZON

VELOCITY VECTOR
RADAR ALT

TIME TO NEXT WAYPOINT
DISTANCE TO GO

GROUND SPEED
HEADING

STEERING BAR
DISTANCE TO GO

wvi

RADAR ALT

TIME TO NEXT WAYPOINT
VELOCITY VECTOR

TF BOX

GROUND SPEED
STEERING BAR

HEADING

DISTANCE TO GO

RADAR ALT

TIME TO NEXT WAYPOINT

NORMAL
RATINGS (mn)

NOT MODERATE ABSOLUTE
REQUIRED REQUIREMENT REQUIREMENT
1 2 3 4 5
|
l
—
|
I,
HOVER }
|
!
|
| |
I ]
l
SEUURC‘ ]
—
|
|
l,
|
|

Figure 17. HH-53B/C Pilot Ratings of Symbol Modes (Total n=2)
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UH-60A FLIGHTS

The Blackhawk is a twin turbo powered, 184 mph, 11 passenger helo equipped
with standard U.S. Army configurations for conducting special operations
missions deep behind enemy lines, in darkness or bad weather, and at treetop

level.

Figures 18 and 19 present the UH-60A pilot ratings on symbols, modes, and
controls. Both of the UH-60A pilots recommended larger ground speed, time,
and distance-to-go symbols. Scale changes of radar altitude were suggested
for hover and search modes. IAS was recommended rather than ground speed
for normal and search modes and not required for the hover mode. Real-time
in Zulu and deletion of VVI in hover were suggested. Heading, distance-to-
go, and the steering bar were rated as the most required symbols. Slight
eyestrain; need for VVI information; movement of the power cord; lag in bank
angle response of the symbol; and "spreading out" of the symbol array was

mentioned by the pilots.
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RATINGS (mn)
ACCEPTABLE

3

UNACCEPTABLE
1 2

SYMBOLS

GROUND SPEED _ﬁ

HEADING

HORIZON

AIRCRAFT

TIME

WAYPOINT STEERING BAR
DISTANCE TO GO
RADAR ALT

—_——
—

EXCELLENT
5

Figure 18. UH-60A Pilot Ratings of Symbols and Controls (Total n=2)
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ADEQUACY OF
MODES

GROUND SPEED
HEADING
HORIZON
RADAR ALT

WAYPOINT STEERING BAR

DISTANCE TO GO
TIME

AIRCRAFT

TF BOX

GROUND SPEED
HEADING
DISTANCE TO GO
RADAR ALT

Al

TIME

GROUND SPEED
HEADING

DISTANCE TO GO
TIME
RADAR ALT

Figqure 19,

NORMAL

RATINGS (mn)
NOT MODERATE ABSOLUTE
REQUIRED REQUIREMENT REQUIREMENT
1 2 3 4 5
| |
| ]
l i
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I |
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1
I |
]| |
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| [
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UH-60A Pilot Ratings of Symbol Modes (Total n=2)
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SYMBOL CHARACTERISTICS FOR ALL FLIGHTS

For brevity and comparisons, ratings on symbol characteristics for all of
the aircraft are included in Table 5. Symbol characteristic ratings were
not obtained for the first aircraft, the C-141B, and the data were nqt
available for the AC-130 aircraft.

Insufficient size of some symbols (e.g., ground speed, drift), deletion of
some symbols for some modes (e.g., vertical velocity, sky pointer), shape
and size of the fixed aircraft symbol, size and location of the distance-to-
go symbol, and shape/size/scale rate of movement for the bank angle symbol
were rated for changes. However, such recommendations may be specific to
the type of aircraft and its special mission requirements, as well as dif-
ferences between the visual information requirements for fixed-wing and
rotary-wing aircraft at various airspeeds (0 to 300 knots). A high number
of "no change" responses can be interpreted as being firm symbol require-

ments for an aircraft.
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TABLE 5.

RATINGS ON SYMBOL CHARACTERISTICS (ALL AIRCRAFT)

Would You Change

C-130€

(Total n) (5)
Yes

No

MC-130E
(7)
Yes No

HC-13
(2)

Yes

0P

No

KH-53H

(5)

Yes

No

HH-538/C

(2)

Yes

No

UH-60

(2)

Yes

No

Ground Speed

Size
l.ocation
Width
Movement
Add a Scale
Delete

Mag Heading

Size

Location

Width

Delete

Scale Movement

Delete the Scale or
Lubber Line

Add a Label 1

Heading

Size
Location
Width
Delete

Pitch Ladder

Internal

Length of Steps

Number of Steps

Label Steps 2

Aircraft

Change Shape To

Horizon

Size ,

Width 1
Location

Movement

Delete

w v»on;n
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TABLE 5.

RATINGS ON SYMBOL CHARACTERISTICS

(ALL AIRCRAFT) (continued)

(Total n)

Would You Change

MC-130E
(7)
Yes No

HC-130P
(2)

Yes No

C-130E
(5)

Yes No

(5)

Yes

HH-53H

No

HH-538/C
(2)

Yes No

UK-60
(2)

Yes

No

TF Command
Size
Shape
Location
Movement
Delete

[AS
Size
Location
Add a Scale
Movement
Add a Label
Delete

TAS Symbol
Size
Location
Add a Scale
Movement
Add a Label
Delete

Add a Scale
Movement

Add a Label
Delete

Drift
Shape
Size
Scale
Movement
Delete

Distance to Go
Size
Shape
Location
Width
Delete
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TABLE 5.

(ALL AIRCRAFT) (continued)

RATINGS ON SYMBOL CHARACTERISTICS

C-130€

(Total n) (5)
Would You Change Yes

No

MC-130E

(7)

Yes

No

HC-130P

(2)
Yes

No

HH-53H

(5)

Yes

No

HH-538/C

(2)

Yes

No

UH-60
(2)

Yes

No

Bar Altimeter
Size
Location
Movement
Add a Scale
Add a Label 1
Delete

Vertical Velocity
Scale 1
Pointer
Digit Size
Location
Digit Movement
Pointer Movement
Delete Decimal
Delete Heading

N N W

Velocity Vector
Size
Shape
Location
Box Movement
Delete Vector
Delete Box

Radar Altimeter
Size
Location
Width
Add a Scale
Movement
Add a Label 1
Delete

w1
Size
Location
Delete

Time to Next Waypoint
Size
Location
Delete
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TABLE 5.

(ALL AIRCRAFT) (continued)

RATINGS ON SYMBOL CHARACTERISTICS

Would You Change

C-130€
()

Yes

(Total n)
No

MC-130E

(7}
Yes

No

HC-130P

(2)
Yes

No

HH-53H

(5)

Yes

No

HH-538/C

(2)

Yes

No

UH-b0
(2)

Yes

N

Time
Size
Shape
Locatton
Width
Delete

Aircraft
Stze
Shape
Location
Movement
Delete

Waypoint Steering Point

Size
Shape
Location
Movement
Width
Delete

Bank Angle
Shape
Size
Scale

Rate of Movement

Add a Label
Delete

Sky Painter
Shape
Size
Scale
Movement
Delete
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Section 4
CONCLUSIONS

This section addresses the fulfillment of the seven test objectives listed
in Table 1. Also, some recommendations are made for considering the use of

the device for other aircraft and missions.

In general, the pilots accepted the device as favorably affecting mission
success, wanted larger symbols, recommended relocating the symbols to the
edge of the field-of-view, and changing the symbol focus to infinity; and
some fixed-wing and rotary-wing pilots suggested a two-mode rather than
three-mode concept. The two-mode concept (Figures 20 through 23) were pro-
posed as final prototypes for fixed-wing and rotary-wing aircraft.

USEFULNESS OF NVG/HUD FOR SPECIAL OPERATIONS (OBJECTIVE 1)

The pilots rated the NVG/HUD as being useful for'improving‘mission

performance as follows;

IMPROVING MISSION PERFORMANCE

Aircraft Yes No
Fixed-Wing 8 1
Rotary-Wing 71 0

15 1

and included the major advantages and disadvantages shown below (rank

ordered for frequency of response):

Fixed- Rotary-

Advantages of Using NVG/HUD Wing (n) Wing (n)
Approaches and Landings 8
Night Navigation 5 2
Increases Safety 4
Better Control of Aircraft 3
Everything 3
Air Drops 1

1

Hover
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Fixed- Rotary

Disadvantages of Using NVG/HUD Wing (n) Wing (n)
Makes Runway Acquisition Difficult 1
Degrades Map Reading 1
Landing Pilot has to Refocus 1

The majority of the pilots who responded (94 percent) recommended the
NVG/HUD as being useful for improving their mission performance.

PROPOSED SYMBOLS, SYMBOL MODES (OBJECTIVE 2)

A majority of the pilots recommended expanding the HUD l4-degree instant
field-of-view (IFOV) within the 40-degree IFOV of the NVG goggle. This
section includes AAMRL's proposed symbols for fixed-wing and rotary-wing
aircraft and includes a two-mode concept for symbol modes.

The symbols and symbol modes, shown in Figures 20 and 21, are proposed as
test candidates for fixed-wing and rotary-wing aircraft. Differences in
symbol scaling or movement for each aircraft are indicated in parentheses
(e.g., HH-53H), where appropriate. The selections were based on pilot
debriefs, questionnaire responses, and consultations with MAC personnel.
Individual aircraft with unique symbol requirements were’reported in summary
form (Section 3) and for each pilot participant (Appendix C). Each NVG/HUD
application may have to be tailored to unique signal interface and maneu-
vering requirements, and these data may serve as a source for selecting
symbol and symbol mechanization requirements.
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Index| Symbology Function
1 Indicated Displays airspeed in 1 knot tncrements for full
Afrspeed range of aircraft airspeeds.
2 Course Provides left/riyht waypoint steering areas in
Steering Bar relation to the course steeriny index. Full scale
displacement is 40 degrees.
3 Magnetic Displays atrcraft heading in l-degree increments
Heading from 000 degree to 360 degrees.
4 True Track Displays desired true track in l-degree increments
(C-141B Only) from 000 degree to 360 degrees.
5 Orift Angle Displays left/right drift against fixed scale of
10-degree increments.
6 Barometric Displays altitude in 10-foot increments from
Altitude 0000 feet to 9990 feet.
7 Vertical Displays velocity in 10 feet per minute increments
Velocity in thousands fpm (750 fpm is displayed as .75).
8 Ahsolute Displays radar in 10-foot increments at or below
Altitude 300 feet and 20-foot increments above 3UU. feet
from 000 feet to 999 feet.
9 Bank Angle Displays 10, 20, 30, and 60 degrees of bank.
10 Ground Speed Displays speed fn 1 knot increments for full range
of atrcraft speeds.
11 Pitch Ladder Displays horizontal pitch graduations in S-degree
Graduations fncrements from O to Y0 degrees.
With Artifi-
cial Hortzon
12 Numeric Pitch Displays pitch at 10 degrees and, thereafter, in
1 degree increments from 10 degrees to 90 degrees.
13 Afrcraft Symbol| Fixed symbols.

Figure 20.

Proposed Symbol Sets for Fixed-Wing Aircraft, Mode 1
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Index | Symbology Function

1 Indicated Displays airspeed in 1 knot increments for full
Alrspeed range of aircraft airspeeds.

2 Magnetic Displays aircraft heading in l-degree increments
Heading from 000 degree to 360 degrees.

3 True Track Displays desired true track in l-degree increments
(C-141B Only) from 000 degree to 360 degrees.

4 Drift Angle Displays left/right drift against fixed scale of

10-degree increments.

) Barometric Displays altitude in 10-foot increments from
Altitude 0000 feet to 9990 feet.

6 Vertical Displays velocity 1n 10 feet per minute increments
Velocity in thousands fpm (750 fpm is displayed as .715).

? Barometric Displays altitude in 10-foot increments from
Altitude 0000 feet to 9990 feet.

8 Ground Speed Displays speed in 1 knot increments for ful! range

of aircraft speeds.

Figure 21. Proposed Symbol Sets for Fixed-Wing Aircraft, Mode 2
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Index Symboloyy Function

1 Groundspeed Displaya gioundspeed in ) knot increments.

2 Course Provides left/right waypoint eoring cues
Steering Bar in relation to the courss steeting Index.
Fuil scale dlaplacement is ! 20 degrees,

3 Heading Displays alrcraft heading in degrees true
(HH-53H) or magnetic (UH-60A and HR-$3B/C)
in 1 deyree increments.

4 Courue Provides a cente: index for the course
Steering Index steering bar,
5 Listance to Displays the distance to qo to the next
Next Waypoint selected waypoint in 0.1 nautical mile
inccements,
6 Radar Displaye the cadar altitude in 25 teet
Altitude Tape increments from 0 to 200 feet, 100 feet

increments from 200 to 600 feet, and 200
feet increments from 600 to 1,000 fewt,

7 Hor § zon Provides an artificial earth horison
Ba: teference,
8 Alroratt (HH-33H) Represents the aircraft flight

Reference th vector or tcraft veloaity veotor and
s fixed at the center. (UN-60A and
HN-338/C) Repr nts the aircraft attitude
and below 30 nautical miles-per-hour also
represents the alrcraft drift with respect
to the Lox reference. The alrcraft
reference is tixed at the center.

9 Time to Displays the time in minutes and seconds to
Next Waypoint the next selected waypoint based on the
existing groundspesd.
10 Box (BN-S3H) Represents the tecrain foliowing
Reference olimb/dlve command or the computed local

vertical. (UN-¢0A and RH-538/C) Below

30 nautical miles-per-hour groundspeed the
box tepresenta a drift reference for the
alrcraft aymbol. Above 30 nautical miles-
per—-hour the box disappears.

Figure 22. Proposed Symbol Sets for Rotary-Wing Aircraft,
Normal Mode
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Index Symbology

1

2 Heading

3 Distance to
Next Waypoint

4 Radar
Altitude

5 Time to
Next Waypoint

6 Course
Steering Index

7 Course

Steering Bar

Groundspeed Displays groundspeed in 1 knot increments. ﬁ

Function

Displays aircraft heading in degrees true
(HR-53R) or magnetic (UH-60A and HH~53B/C)
in 1 degree increments.

Displays the distance to go to the next
selected waypoint in 0.1 nautical miles
increments.

Displays the radar altitude in 1 foot
increments from 0 to 50 feet, 5 feet
increments from 50 to 100 feet, and 10 feet
increments above 100 feet.

Displays the time in minutes and seconds to
the next selected waypoint based on the
existing qroundspeed,

Provides a center index for the course
steering bar.

Provides left/right waypoint steering cues
in relation to the course steering index.
Pull scale displacement is * 20 degrees.

Figure 23.

Proposed Symbol Sets for Rotary-Wing Aircraft,
Search Mode



Symbol Requirements for A1l Aircraft

Figures 24, 25, and 26 include pilot responses averaged (means) for each
type of aircraft. These data are not included for design decisions which
are considered to be aircraft specific but rather for research personnel

examining visual information requirements for night, VFR, Tow altitude:«
flight.

Figure 24 presents the adequacy of the HUD symbols for both classes of
aircraft. The presentation of baro altitude, bank angle, and vertical
velocity in fixed-wing aircraft and ground speed, real-time (clock time),
and vertical velocity were considered marginal and in need of change of

shape, movement, or deletion.

Figures 25 and 26 present pilot ratings for symbol requirements for low
level, night VFR flight. For fixed-wing aircraft (Figure 25), true with mag
heading and lubber line symbols for the normal mode; bank angle, true with
mag heading, drift, and sky pointer symbols for the enroute mode; and baro
alt and the lubber line symbols for the landing mode may not be significant
requirements. For rotary-wing aircraft (Figure 26), only VVI and time to
next waypoint symbols in the hover mode were rated below moderate require-
ment. An engineer selecting symbols for new devices might consider the
symbols rated as absolute requirements as being a minimum symbol set and the
priorities between moderate and absolute requirements for selecting a mode

oriented set of symbols.
ADEQUACY OF DEVICE FOR LEVELS OF NIGHT ILLUMINATION (OBJECTIVE 3)

Moon disc size for the flights was estimated by the pilots to average

45 percent (range = no moon to 98 percent, n = 10) and effective ground
i1lumination from moonlight to average 40 percent (range = 10 to 100 per-
cent, n = 13). Visibility for all of the flights was reported as clear

(unlimited) with high scattered clouds from 10 to 25,000 feet.

v

The majority of the pilots considered the HUD display as being adequate for
all night sky illumination conditions (overcast to full moon).
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FIXED-WING AIRCRAFT (MC-130E AND HC-130P)

UNACCEPTABLE

GROUND SPEED
PITCH LADDER
AIRCRAFT
HORIZON

1AS

HEADING
DRIFT

BARO ALT

‘Al

RADAR ALT
BANK ANGLE
SKY POINTER

GROUND SPEED

HEADING

HORIZON

AIRCRAFT (H-60)

DISTANCE TO GO ,
TF COMMAND (HH-53H)
RADAR ALT

TIME (HH-53H, H-60)

TIME TO NEXT WAYPOINT (HH-53B/C)
WAYPOINT STEERING POINT
wi

Figure 24.

1

RATINGS (mn)

ACCEPTABLE

I

|
ROTARY-WING AIRCRAFT

| |

Adequacy of HUD Symbols
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NORMAL (MC-130E, HC-130P)

RATINGS (mn)

NOT MODERATE ABSOLUTE
REQUIRED REQUIREMENT REQUIREMENT

1 2 3 4 5

PITCH I
BANK SCALE '
HEADING !
VERT VEL SCALE '
GROUND SPEED '
IAS |
MAG HEAD |
RADAR ALT |
|
|
|
|
l
|
I

I
1
-

BARO ALT |
VERT VEL DIGITS
LUBBER

DRIFT

AIRCRAFT

BANK POINTER
SKY POINTER

i

L
|

|

ENROUTE (C-130E, MC-130E, HC-130P)

1
PITCH I
BANK SCALE ]
HEADING |
GROUND SPEED
IAS
MAG HEAD
BARO ALT

I
LUBBER
DRIFT I

AIRCRAFT
BANK POINTER
HQ

1
|

I
!
I
|
I
|
|
I

LANDING (MC-130E, HC-130P)
VERT VEL SCALE | |

IAS ]
MAG HEAD |
BARO ALT [l
RADAR ALT | )
VERT VEL DIGITS i

LUBBER - |
DRIFT | |
VERT VEL POINTER 1

!
|
|
I
!
I
I
|
I
I
I
I
I
I
I
|
|
I
| I
|
- I
|
|
I
I
I
|
I
I
I
I
I
I
|
I
|
I
|
I

L

Figure 25. Symbol Requirements for Fixed-Wing Aircraft
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NOT

REQUIRED

GROUND SPEED

TRUE HEAD

MAG HEAD

HORIZON

RADAR ALT

WAYPOINT STEERING BAR
STEERING BAR
DISTANCE TO GO

TIME :
TIME TO NEXT WAYPOINT
AIRCRAFT

TF BOX

VELOCITY VECTOR
RADAR ALT

GROUND SPEED
TRUE HEAD

MAG HEAD
DISTANCE TO GO
RADAR ALT

\AY

TIME

VELOCITY VECTOR
LOCAL VERTICAL
STEERING BAR
TIME TO NEXT WAYPOINT
TF BOX

GROUND SPEED
TRUE HEAD

MAG HEAD

DISTANCE TO GO

TIME

RADAR ALT

STEERING BAR

TIME TO NEXT WAYPOINT

1

NORMAL
RATINGS (mn)

MODERATE
REQUIREMENT

3

l

ABSOLUTE
REQUIREMENT

X
]
m
b

el

—_) =] —]—]—]-< -

[

i
SEABCH

|
I
I

Figure 26. Symbol Requirements for Rotary-Wing Aircraft
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CONTROL REQUIREMENTS (OBJECTIVE 4)

The five controls shown in Figure 6 (for power, pitch adjust, mode select,
barometric adjust, and brightness adjust (on the helmet) are proposed for an
NVG/HUD specification. On a vertically aligned panel, the mode button was
recommended for the top position (unless the panel is overhead) and for the
nearest position to the pilot for horizontally aligned buttons. Individual
pilots recommended the mode button be installed on the cyclic, run the optic
cable on top of the helmet, and add a control for symbol intensity. All of
the eight rotary-wing pilots said that operation of the NVG/HUD controls did
not interfere with any other equipment nor did the operation of other equip-
ment interfere with operation of the NVG/HUD., The optic bundles might
impede movement in the cockpit in an emergency.

COMPATIBILITY WITH CURRENT EQUIPMENT (OBJECTIVE 5)

A microprocessor based data collection and formatting unit was developed to
provide interfaces to all of the required sensor data. Signals were scaled
and formatted to an ARINC 429 standard for transmission to a symbol genera-
tor. Software was prepared using assembly language for each aircraft.
Generally, pitch and roll signals were derived from attitude gyros; heading
from a directional gyro; radar altitude from a radar altimeter; navigation
data from a doppler radar; and attitude, airspeed, and vertical velocity
from pitot-static systems. Installation downtimes were minimized by the
introduction of a common data collection and formatting unit.

OPERATIONAL PROCEDURES (OBJECTIVE 6)

The fixed-wing pilots commented on the probable elimination of communication
from the copilot and radar navigator to the pilot (especially concerning
airspeed and altitude) (MC-130E); both pilots could simultaneously use
goggles on the entire mission (HC-130P) and its use would promote more
aggressive flying (HC-130P)." The rotary-wing pilots also commented on the
reduction of communication requirements, the reduction of light in the
cockpit by turning off the bright FLIR display, and its aid as an instruc-
tors' device; however, crew coordination would have to be increased for
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Night Recover System (NRS) equipped aircraft that requires the flight
engineer to operate a camera. Formal checklist requirements for tuning and
checking the device and copilot calls to the pilot to change modes ("before
takeoff, before landing") were recommended.

TRAINING REQUIREMENTS (OBJECTIVE 7)

Table 6 summarizes pilot recommendations for training requirements (one to
three flights) for NVG qualified pilots.

TABLE 6. TRAINING REQUIREMENTS

Aircraft Pilot Comments n
MC-130E One ride (one low approach or until comfortable,
one flight of 2 hours). 3
Two rides (minimum of four landings and one
go-around each ride). ‘ 1
HC-130P No special requirement. 1
Two rides (with an IP). 1
Rotary One ride [2-hour sortie after a training
session, include a new sortie with approaches
and hovering over a landing zone (LZ)]. 2

One to two rides (include terminal operations,
low level formation, terrain masking, and
refueling).

Two to three rides.

[ASN )

NVG/HUD APPLICATION CONSIDERATIONS

The impetus for the use of night vision optics started with the use of hand-
held starlight scopes with the U.S. Army ground and air forces in Vietnam,
The Air Force soon adopted handheld and gimballed TV and IR devices in a
variety of recon and strike aircraft. The astonishihg success of side-
firing aircraft in Vietnam (Ballard, 1982) and later in Grenada, confirms
the necessity for having a night VFR target detection and strike capabil-
ity. The requirement for penetrating a high threat, night, Warsaw Pact
conflict with low level tactics has been well documented and will doubtless
proliferate the use of night optics into future systems.
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Future developers should consider the NVG factors listed in Table 7 as the

three services move into airborne low level night operations.

TABLE 7. NVG/HUD APPLICATION CONSIDERAT IONS

Factors

Comments

Field of View

Visual Fatigue

Helmet Weight

Optics Bundles

Restrictions of FOV (40 degrees for Generation III NVG)
may affect scanning patterns and target acquisition
capabilities. Any restriction of the aft or high scan
envelope may directly affect formation, refueling, or
air combat maneuvers.

Anticipate visual fatigue problems because of the
monocular presentation and close focused symbols super-
imposed over an image at infinity. Some pilots may
reduce cross checks and tend to focus on the close
symbols.

Physiological fatigue for some pilots is increased with
increased helmet weight and type of weight
distribution.

The bundles may 1imit head movements and body
movements.
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