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ABSTRACT

Though the advent of the Heads Up Display (HUD) has dramatically changed the
way information is presented to aircrew during flight, the requirement to select and
Adiscem the pertinent information applicable to the task at hand has not. Mucﬁ like the |
proliferation of gauges and switches in-a 60’s and 70’s era military cockpit interfered
with a quick and efficient scan of the instruments, so to do the number of pieces of
information being presented in a HUD.

With the selection of the AV-8B to be the lead platform in 1mp1ementat10n of the -
Open System Core Avionics Requirement (OSCAR) a rehosting of the Operatlonal
Flight Program (OFP), has come the oppprtumty to opthuze the HUD de31gn of the
AV-8B. |

This thesis focuses on an attempt to simplify and standardize the current HUD
displays and impfove the tailering of reject sub-modes that are designed to decrease the
amount of data being d1splayed The potentlal beneﬁts of HUD modes that could be
instructor configured and' selectable m-fllght to facﬂltate the development of the proper

scan and reduce the time reqdired for pilots to gai‘n proficiency are also addressed.
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- .CHAPTER1 " -

.
-

INTRODUCTION

BACKGROUND |

The advent of the Heads Up Display .(HUD) has dfamatically changed ‘the Wgy
information is presentgd to the piiotidur}ing ﬂight. Now, instead of having to glance
‘below the glare shield to gather the necesséry inf;)nnation to accomplish in;ﬂight tasks,
the pilot can continué to look through the windécreen and is merely required to changé
his focus. Though the requirement go look inside the aircraft has been ﬁﬁﬁin;iied, the
requirement to identify z;nd discern tﬁe p.e’r’tinent infonha;tion applicable to the task at:
hand has not been réduced. Much like the'pr‘oliferation of gauges and switches in a 60’s
and 70’s era military cockpit inte&ered with a quick and gfﬁciént scan of the instruments,:
SO io do the number of pieces of information being pre;er;ted in a HUD. Fuﬁhef
complicating the task is a lack of staridardi;atiqn of the symbology developed and used in
HUD configurations'. Additiona]ly, HUD clutter often forces pilots. to lobk around ihe
HUD in order to locate and ideritify gfound and airbome,taréets, an option counter to the
purpose of a HUD and not available»with the next generation of information disf)lay
technology, the helmet mounted display. |

The AV-8B Harrie;r is not immune to tﬁié pfoblem anci is pérticuiarly sus?:éptiblg
in the takeoff and landing regime and during the delivery of air-tp-éréund weapons, -

where a pilot can rapidly find himself task‘sattllrated. Though the AV-8B has separate

1



HUD modes, each tailored to a specific phase of fli ght?, the amount of data presented in
the primary modes can become distracting and complicate the execution of specific tasks.
Two levels of reject sub-modes are provided in an attempt to decrease the amount of data
being displayed, but in most cases, these reject levels only change the way the
information is displayed and in some cases remove so much data from the HUD that they
are no longer ﬁseful. ‘Irnproved tailoring of the reject sub-modes is necessary to ease scan
requirements, reduce opportunities for confusion and enhance task execution.

The problem of developing and executing a proper scan has a}ways been
particularly difficult to overcome in the early stages of training in an aircraft. Aéain, the
AV-8B is particularfy susceptible in the takeoff and landing régime, where students ére
not only learning to use a HUD for the first time, but are also being exposed to an entirely
neW regime of flight. The air-to-ground environment is no less challenging for students
who have never delivereci ordnance through the use of a HUD or executed dive deliveries
at night. Tailored reject sub-modes that could be instructor configured and selectable in-
flight show potential for facilitating development of the proper scan and reducing the
time required for students to géin proficiency. Once proficient, the introduction of the
additional HUD data would not negatively impact task performance.

With the selection of the AV-8B to be the lead platform in implementation of the
Open System Core Avionics Requirement (OSCAR), a rehosting of the Operational
Flight Program (OFP) involving a hardware independent, layered software architecture,
based on object oriented design using a Higher Order Language (HOL), has come the

opportunity to optimize the HUD design of the AV-8B>. This effort would not only yield




immediate benefits in the areas of safety and mission execution, but would also lead to

more effectively accomplishing the eventual transition to helmet mounted displays.

SCOPE

This thesis focuses on an attempt to simplify and standardize the current HUD
displays and improve the tailoring of feject sub-modes that are designed to decrease the
amount of data being displayed. Only the takeoff and landing and the air-to-ground
master HUD mode are addressed, except for a brief mention of the air-to-air master
mode, due to the sensitivity of air-to-air mode information and displays and the relative
simplicity and associated low cockpit taski;lg associated with the navigation mode. The
potential benefits of HUD modes thaf could be instruqtor configured and selectable in-
flight to facilitate the development of the proper scan and reduce the time required for
students to gain proficiency are also presented. Though this thesis specifically
investigates the AV-8B, the general concepts and icieas are applicable to all HUD aircratt.
Research and studies completed for displays of other aviation platforms were considered

while developing proposed revised HUD designs for the AV-8B aircratt.

METHOD OF RESEARCH

Research and evaluation of proposed HUD designs was accomplished through the
use of two control groups. The first group consisted of 10 military pilots, all with over
1000 hours of HUD experience in either the F/A-18 Homnet or the AV-8B Harrier. The

second group also consisted of ten individuals, though they were either flight test




engineers or former military pilots with no HUD experience now working in flight test

but in non-aviation capacities.

Both groups were used in evaluating the effect of simplifying displays by
presenting ;hem with snapshots of HUD presentations and evaluating the accuracy with
which they could discern information. Additionally, the particii)ants were asked to
accomplish tasks using the AV-SB radar test bench involving the monitoring and
manipulation of one, two and three dynamic variables on the HUD. The inclusion of the
non-HUD experienced group allowed for thé evaluation of simplified HUD designs for

initial development of efficient HUD scans.




CHAPTER 2

SYSTEM DESCRIPTION

AV-8B HARRIER II PLUS AIRCRAFT

The AV-8B Harrier I PIus, shown in figure 2-1, isv a single seat, single engine,'
transonic Vertical/Short Take-Off and Landing (V/STOL) light attack aircraft built by
McDonnell Aircraft and ‘Missile Systems, a division of the Boei‘ng Corporation. The
aincraft has a shoulder mounted super critical swept wing with a fully conformal Leaciing
~ Edge Root Extension (LERX), trailing edge flaps and ailercns, and a lift irnprovement

. _clevice for vertical operations.l The aircraft is equipped with an integrated weapcns

systefn including the airbome gun or searchlight directing radar (APG-65) and is capable
‘of carrying up to 9,000 Ib. of conventlonal ordnance on seven external weapon stations. |
A Rolls-Royce Pegasus F402-RR-408 twm spool axial flow turbofan engine with an
uninstalled, sea level, static short lift wet thrust ratlng of 23 ,4001bs, powers the aircraft.

A more detailed descnptlon is avallable in the a1rcraft fli ght manual

Figure 2-1.  AV-8B Harrier Il Plus Aircraft



The uniqueness of the V/STOL environment, combined with the multiple sensor
management required in the execution of the vérious missions of the Harrier, impose a
high level of task loading on the pilot. This task loading, epitomized by the requirement
to operate in the low-altitude arena with night vision goggles while managing radar,
digital moving map, forward-looking infrared (FLIR) and laser targeting sensors, make

the optimization of the HUD critical to safe and successful mission execution®.

APPLICABLE AIRCRAFT COMPONENTS
Heads Up Display
The HUD in the AV-8B is located on top of the main instrument panel, as shown

in figure 2-2, and is the primary flight control and weapon delivery instrument. The

BODWEC.
ADDTEI
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Figure 2-2.  HUD and Instrument Panel Layout




HUD receives navigation ‘and lattack' infonjnation via‘the Display Computer (DC) from lhe
Mission Systems (lompuier (MSC) and projects the nppropn'ate symhology ona
combining glass for heads-up viewing in the pilot’s forward field-of-view (FOV).
The HUD presently 1ncorporated in the N1 ght Attack and Radar varlant of the AV-8B has
a22deg total-f1eld-of—v1ew and a 16 by 20 deg 1nstantaneous FOV that is visible to the
pilot et any speciﬁc time and shown in figure 3-3. Additionally, Forward—Loolcmg
Infrared (FLIR) imagefy can also be displayed on the combing glass thonghvwith‘a :
reduced FOV, also shown in ﬁgure 2- 3 In the event of a HUD failure, the DC can
display the same symbology on either of two Multipurpose Color Displays (MPCD)
HUD power is controlled through a combination on/off and brightness control ‘

knob located on the aircraft Uijr_ont Control (UFC). An adjacent three-positi'on switch

22 DEG Total Field of View ~ Instantaneous -

Figure 2-3.  HUD Field-of-Views




toggles the HUD dlsplay between the Normal Reject 1 and Re_]ect 2 levels of 1nformat10n
..dlsplays Push buttons on the left 1nstrument panel allow for transmon between the four -
master mission modes of display; Nav1gat1on Vertlcal/Short Takeoff and Landmg
(V/STOL) A1r-to-Ground (AG) and A1r-to Air (AA) AG and AA master modes can '- _'

) ‘L also be d1splayed on the HUD via selectron of the associated weapons .. ) |

A two- pos1t10n sw1tch also located on the UFC control allows for selectlon of

etther the radar or barometrlc altlmeter as the altltude source for d1splay in the HUD

Mlss10n Systems Computer
The MSC is referred to‘as a‘standard generm purpose stored program real- t1me

computer with clore memory It 1s the central controllmg computer for all alrcraft systems

operatlons Itis controlled by a three;posrtlon sw1tch on the pedestal between the rudder -

' pedals, behind the control stxck The AUTO posmon allows the MSC to assume control

of the multtplex data bus (MUXBUS) under normal condltlons and prov1des the drsplay

computer as a backup mode of operatlon in case of an MSC fallure The OFF posmon

secures power to the MSC and utlllZCS the DC for a backup mode of operatxon Selectlon

of the ovemde (OVRD) pos1tron 1nh1b1ts the backup mode of operatxon if the MSC is

functlonmg properly If in the backup mode at the t1me of selection, OVRD w1ll reapply

power to the MSC in an attempt to reset'MUXBUS control to the MSC from the DC.



Advanced Mission Computer
An assessment of the current capabilities of the hardware installed on the AV-8B,

specfﬁcally related to the increased air-to-air radar functionality that the OSCAR upgrade

. was to bring, indicated that the current operational flight program, with existing

functionality, was already running within the last 5~10% of the capacity of the

. processors. This finding led to a requirement fo‘r the Advanced Mission Computer

(AMC) to replace the current MSC. Though the ‘display computer was not included in

the hi gher order language upgrade, software modifications were requlred to .

accommodate changes driven by the AMC and associated added weapons functionality.
The AMC being incorporated was initrally the F/A-18 MC replacement that was

part of the Advanced Mission Computer and Displays (AMC&D) Program for the F/A-

18. Part of the decision process 'that led to the selection of the AMC to upgrade the MC

capability was dnven by the desire to ‘purchase a common mlssmn computer for both the
AV- 8B and the F/A 18, thereby hopefully reallzmg some cost savings. The AMC is

intended to provide the excess processing performance and functionality to accommodate

" the increased requirements of advanced medium range air-to-air missile (AMRAAM)

support and displays and follow-on upgrades and weapon systems such as the Joint -

Direct Attack Mumtlon (JDAM) As currently configured, the AMC is a full Airborne

: Transportable Rack (ATR) chass1s 1ncorporatmg a General Purpose Processor Module

(GPPM), an Input/Output module, three dual redundant 1553 multiplex data bus

- channels, two power supply modules and five spare card slots.




Display Computer

The display computer drives the HUD and MPCD via mutually redundant display
cﬁamiels. It also provides a backup mode of operation for aircraft avionics and weapons
systems in the case of an MSC failure. A two-position switch drives the DC display |
channels. The primary (PRIM) p'oéitiori randomly selects one of the two channels for
operation at power-up. If there is a channel failure, the computer will automatically
select the altemgte channel. The'alterhate (AL’I‘ER) position manually selects the
alternate display channel for operation if an automatic reversion does not occur.

As previously mentioned, the: display computer was not selected for upgrade
under the open systems core avionics requirement program. The initial software
modiﬁcat-ion effort was to be directed at accommodating the DC interface with the AMC
A and the added weapoﬁs functionality. However, thé added we‘aponé functionali;y and
associated displays pushed the DC beyond its linii;s of performance. Exhausting the
éépabilities of the DC turned a%l opportumty ﬁ)‘ r‘;deéi gn the HUD displays into a .
necessity in order to reduce HUD Writ&tﬁﬁé reéuirérhenté on the DC and leave

ft .

processing capability for future weapons and displays. :

Bus Architecture
Figure 2-4 depicts the avionics bué structure of the AV-8B. The architecture incorporates
 two buses plus a third bus on Radar equipped AV-8B’s. The MC (being replaced by the

AMC) provides control for the systems using Bus 1 and Bus 2 and interfacing with the
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Figure 2-4. AV-8B Bus Architecture

aircraft remote terminals. Bus3 allows for direct communication between the MC and

the DC. -

LABORATORY FACILITIES
The AV-8B simulation and test bench facilities at the AV-8B Joint Systems
Support Activity (JSSA), Naval lWeapons Test Squadran China Lake (NWTSCL),

California were used in developmg and evaluatmg proposed HUD de51gns The test

" bench facilities can be conﬁgured to represent all variants and mtegrate all avionics
aspects of the AV-8B a1rcraft,'to mclude radar, FLIR and laser targetmg imagery. The
test bench facilities also allow the DC software to be modified and manipulated as the

di~spla‘ys are projected on a HUD, thus allowing for a real time comparison and

11



assessment of the display designs. The simulation facilities integrate actual aircraft
cockpit controls and displays with the avionics test benches and provide a limited out-of-
the-cockpit scene simulation with a HUD display overlay. This facility was used in
evaluating aircrew px;oﬁciency at using the displays based on different HUD designs and

quantity of data presented.
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CHAPTER 3
VERTICAL/SHORT TAKEOFF:AND LANDING HUD MODE

' NORMAL MODE DISPLAY LEVEL
' The HUD mode used during takeoff and landi‘né is referred‘to as the
Vertical/Short Takeoff and Landmg (V/STOL).mode. The primary V/STOL mode is _
referred to as the normal mode w1th subsequent reject sub- levels referred to as Reject 1
and Reject 2. The V/STOL normal mode shown in ﬁgure 3 1, prov1des all data requlred

for successful accomphshment of takeoff and landmg tasks. Altltude and airspeed are

NORMAL
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- Figure 3-1.  Vertical/Short Takeoff and Landing HUD Mode (Normal) .
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: Apre"'sented 1n a larger fonit sizeithan the rest of the parametersvin an éffort to facill_tate their
" ‘réco‘gﬁit‘ibnSI. ‘In additi'on" thoughthe‘r‘e‘ is :llttle'evldence to suggest that duplication of
.‘mformatlon in vanous formats 1‘ncreases p1lot performance some of the information is :
: _' prov1ded rn multxple formats A total of 19 dlfferent parameters are provided to the pllot -

\Of these a1rcraft headmg is prov1ded by a headmg tape located across the top of the

"HUD dlsplay and by a numencal dlsplay located at the bottom nght hand comer of the

,~HUD Slrmlarly, a1rcraft angle of attack (AOA) is drsplayed through an analog scale and

~ through a numencal dlsplay, though these are collocated on the left of the HUD dlsplay |
| Alrcraft vert1ca1 velocity i is dlsplayed through an analog scalc vertrcal speed 1ndlcator
V(VSI) and a numerical dlsplay, both collocated on. the ri ght ‘side of the HUD and when
‘ below 60 KCAS through the convers1on of. the vemcal flight path symbol to an addltlonal |
-VSI scaled to the degrees above or below the honzon multrplled by. 100 This bnngs to
- 22 the total number of items that compete for the pllOt s attentlon durmg the takeoff and
landmgphase . o E " |

Further compllcatmg the.dlsplay is the d)tnarmc nature of vanous parameters '

Though visual performance can be s1gmﬁcant1y improved by object motion or flashmg ,
the opposrte effect can be easily mduced and 11tt1e cons1derat10n- appears to have been
‘:' ‘glven in the de31gn of the AV-SB HUD. Multrple parameters may flash at dlfferent rates,
" transform in nature and appear or drsappear based on predetermmed condltlons The
vertlcal flight path symbol will ﬂash upon, reachmg the upper or lower boundanes of the

HUD d1splay The engine revolutlons per minute (RPM) and jet pipe temperature (.TPT )

indications will transition from a digital readout to a hexagonal analog display as upper o :
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limits are reached and the box around the airspeed readout will appear as the proper
speed at which to lower the nozzles is reached during the takeoff roll. Reject sub-modes
1 and 2 are an attempt to reduce the number of items that attract or distract the pilot’s

attention, thereby facilitating scan and task execution.

REJECT 1 MODE DISPLAY SUB-LEVEL

Selection of the Reject 1 mode, shown in figure 3-2, still provides the same
number of parameters to the pilot, though clutter is reduced through the elimination of
duplication of VSI and AOA information. In Reject 1 mode, only the analog scales are

provided for these parameters. Elimiﬁating the conversion of the RPM and JPT digital

REJECT LEVEL 1
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Figure 3-2.  Vertical/Short Takeoff and Landing HUD Mode (Reject 1)
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readouts to a hexagonal analog display as the upper limits are reached also reduces the

dynamic nature of the display.

A further attempt to reduce the clutter present in the normal mode is the

elimination of the boxes that frame the airspeed and altitude readouts. A dangerous result
of this change is tﬁe confusion that can occur when a pilot is executing a takeoff in a
HUD mode other than that to which he is accustomed. In the Reject 1 mode, below the
airspeed at which the nozzles should be rotated down during takeoff roll, the pilot will
see a box surrounding the airspeed display. If the pilot mistakenly believes he is in the
Normal mode, he will rotate the nozzles (in normal mode, the appearance of the box
being the signal that nozzle rotation airspeed (NRAS) has been reached) before sufficient
wing lift is being generated and will cause the aircraft to momentarily become airborne
with a subsequent bounce back to the runway as a result of insufficient wing lift being
generated to sustain flight. The rate of descent experienced during this bounce combined
with the unpredictable directional response of the aircraft as it returns to the runway can
easily lead to damaging the fragile outriggers or departing the runway surface. If
inadvertently flying in the Normal mode, when Reject 1 mode is believed to have been
selected, the same sequence of events can take place. A simple solution is to remove the
boxes from both modes, other than on the ground prior to nozzle rotation airspeed being
reached. Removal decreases HUD clutter and standardizes the function of the
disappearing box as the indication that NRAS has been reached during the takeoff roll.
This recommendation would also serve to reduce HUD write-time requirements on the

display computer.
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- Further proposals applicable to the Reject 1 mode are to eliminate the numerical
heading indicator in the lower right -comer' of the HUD to decrease clutter and to
eliminate the aircraft flight path symbol a's the airspeed is reduced below 60 KCAS. At
different points during decelerations to a hoverl in the simulation facility, subject aircrew
were asked if thg flight path symbél was currently functioning as a VSI or flight path
symbol. Over 80% responded flight path éymbol WithOl’lt ever referencing KCAS, thus
pointing at a prevalent assumption that is never qorrect below 60 KCAS. However,
subjects also reported use of the anal(;g tape along the right side of the.HUD as the
primary source of vertical velocity. The apparent léck of attention paid to the flight path
symbol during this phase of flight serves to reduce the occurrence of ﬁsk caﬁsea by
possible misinterprctation of the flight path symbol and simultanéously advances the case

for its removal.

. REJECT 2 MODE DISPLAY SUB-LEVEL .

The Reject 2 mode, shown in figure 3-3, further attempts to reduce the amount of
HUD clutter by eliminating multiple parameters fro‘m the display. Unfortunately, many
task essential parameters are removed, prgcluding execution of takeoff and landing task;
solely by scanning the HUD and fércing the pilot to look inside the cockpit to acquire the
necessary information. All of the changés resident in Reject 1 exist in Reject 2. In

addition, flap and nozzle angle indications are removed from the lower right of the

display, and RPM, JPT and groundspeed are removed from the lower left. Clutter and the

dynamics of the display are reduced through the elimination of the flight path symbol.
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Figure 3-3.  Vertical/Short Takeoff and Landing HUD Mode (Reject 2)

The removal of nozzle ang]é from the HUD forces the pilot’s scan to be
momentarily directed inside the cockpit during the critical takeoff and landing phases of
flight. During a short takeoff, after initial application of the nozzles to the short
takeoff (STO) position, the nozzles must be rotated aft to no less than 25 degreés before
the flaps must be taken out of the short takeoff and landing (STOL) mode. During
landing, nozzle angle is the determining factor of closure rates during hovering
approaches and of ground speed during rolling vertical landings (RVL’s). During fixed
nozzle/variable throttle slow landings (FNSL’s) and variable nozzle/fixed throttle slow
landings (VNSL'’s), nozzle angle will determine the ratio of lift being generated between
the wings and engines. A better alternative would be to leave nozzle angle in the HUD,
though flap angle could be removed since it is simply a function of nozzle angle in the

- takeoff and landing regimes.

18



The removal of both RPM and JPT also forces the pilot’s scan to be directed
inside the cockpit. During both takeoff and landing, engine performance will be limited
either by RPM or JPT, depending on the current ambient conditions. During decelerating
approaches to vertical landings (VL’s), the determination of whether or not the landing
can be completed is based on performance margin present as the aircraft decelerates
through 60 KCAS. At this critical point, as the aircraft is transitioning from wing-borne
to thrust-borne flight, requiring the pilot to scan inside the cockpit to locate and
determine the limiting performance parameter, either RPM or JPT, disrupts the outside
scan critical to safely transitioning to hovering flight. A preferable solution would be to
only display the more limiting parameter. This would not only reduce clutter in the
HUD, but would also relieve the pilot from having to determine the limiting parameter
during this critical phase of flight.

Finally, removal of groundspeed from the HUD eliminates the only source of this
information available to the pilot. Since RVL’s are based on a 60 kt groﬁndspeed
approach (for short field and unprepared surface landinvgsv while still maintaining some
wing lift), RVL’s cannot be performed in Reject 2 mode. This 1imitétion makes it more
desirable to maintain a groundspeed display in the Rejec;t 2 mode.‘

An improved and more useful Reject 2 mode is made more irr;portant by the
possibility that if HUD write ;time requirements are not reduced toa level manageable
by the display computer, triggers may be inserted that automatically revert the HUD to a

lower reject level in order to maintain an acceptable refresh rate on the HUD display.
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The limited utility of the current Reject 2 mode would result in tremendously reduced

mission capability in the event of a triggered reversion.
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CHAPTER 4
AIR-TO-GROUND HUD MODE

NORMAL MODE DISPLAY LEVEL -

The HUD mode utilized during the execution of ordnance delivery is the Air-to-

" Ground (AG) mode. As with the V{STOL mqides, thé primary mode is referred to as the

normal mode with theb subsequent fejecg sub-modes referred to as Reject 1 and Reject 2.

~ The AG normal mode, shownin fi gu‘reA4-1 in the auto delivery configuration, provides

the pilot with the information required for successful execution of ordnance delivery.

IDT_O]\'
: 5t..-. 1

. , 7B STEERING INFORMATION
A S
. WEAPONS RELEASE CUE \Ib N ‘
- AIRSPEE ‘ ) ALTITUDE
DIVE/CLIMB ANGLE \sim _____ - =
s —&\ FLIGHT PATH SYMBOL
TARGET DESIGNATOR . . : ' ' .
. ANGLE OF ATTACK \ RAUT— BOMBING MODE
A eC 1.0 - <> :
MACH——’ MD0.72 Blewes weedl§
LOAD FACTOR—"" g l ég S _ ; N ;g(T: <« TARGET DATA
GROUND SPEED ~V A 2> 6012031
MAX LOAD FACTOR—9> MAX 6 7.4 gz0i.... * | ....20
\ T ooy -HEADING
\ .
!
\
gooT <1 -

Figure 4-1. Air-to-Ground HUD Mode (Normal)
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A total of 18 different parameters are presented, but unlike the V/STOL normal mode

which provides many parametérs in redundant formats, the only data redundancy is in the
display of heading, both through the heading tape and by a numerical display at the
bottom right hand corner of the display. Similar to the V/STOL normal mode, the AG
normal mode also incorporates boxes around the altitude and airspeed readouts.
Improvements to the normal mode that should be considered include reducing
HUD clutter by removing the secondary heading display in the lower right corner and
also removing the boxes around the airspeed and altitude readouts. This deletion Aof the
boxes would provide consistency of display if the boxes were also removed from the
V/STOL mode in order to reduce cluttef and confusion about NRAS cueing. A
secondary benefit would be alleviation éf HUD write-time requirements. A further effort
to reduce clutter would bé the removal of .the MAX G readout after a specified period of
time. The MAX G readout is not present until the pilot' has applied greater than 4.5 g’s to
the aircraft. After meeting that initial threshold, the display will remain in the HUD
permanently and be updated if the disp.layed‘-value is exceeded. The intent is to notify the
pilot that he may have pulled near to the maximum allowable load of 8 g’s. Displaying
the data for only a specified period of time after the event (approx'imateiy 30 seconds),
would serve to alert the pilot of the load excursion and then clear the HUD display.
Additional parameters not dlsplayed in figure 4-1, that can be dlsplayed on all the
AG modes and add to the dynamic nature of the AG display are an automatic targeting
handoff system (ATHS) message, a pull-up cue, a weapon inhibit cue, a hot gun cross, an

out of field of view dashed designation diamond and an arrow showing target direction.
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REJECT 1 MODE DISPLAY SUB-LEVEL

Selection of the Reject 1 mode, shown in figure 4-2, only provides 1 less
parameter to the pilot, real time. In the normal mode this is displayed on the léwer right
hand side, beneath the distance and time to target readouts. An additional reduction in
clutter is the removal of the boxes surrounding the airspeeﬁ and altitude readout. A final
change is the displaying of AOA in aﬁ aﬁalog tape instead of a numerical readout.

Similar to the normal mode, removal of the redundant heading readout at the

lower right hand corner of the display would reduce clutter and aid in alleviation of HUD

writ-time problems.
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' REJECT 2 MODE DISPLAY SUB-LEVEL

~ The Reject 2 mode, shown _in‘ﬁgufé 4-3, further attempts to reduce the émioupt of

HUD clutter by eliminating rhﬁlﬁplq parameters from the display:- All changes resident in

-Reject 1 apply to Reject 2. In addition, both the héading tape and numerical réadout are

‘rc‘:moved, as are AOA, Mach number and «gfdun‘dspeed displays.

~ Removal of the headihgl tape gréétly reduces the amount of data présented at the

" top of the display, though simultaneously deleting the numerical heading indication ffom

the lower right effectively eliminates éll ‘headirig information from the HUD. During the

delivery of laser-guided weapons or the performance of close-air-support (CAS)

. missions, restricted run in headings are commonly imposed on the pilot. Lack of any .
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HUD presentation of aircraft heading would require the pilpt to focus his scan inside the
cockpit in order to discern héadiﬁg before continuing with the weapons delivery. Though
the elimination of the Headipg tape does reduce clutter at the top of the HUD, in this case,
maintaining the numerical heading at the lower right corner of the display would permit
the pilot to maintain his scan on fhe HUD and target area.
AOA, Mach number and- groundspeed are not required data during weapons

. delivery, and though Mach number and groundspeed may be of some use during target

‘ ingress, and AOA may be of use iﬁ i)ost flight wéapons delivery assessment, they do not
preclude accurate delivery of ordnance or iead the pilot to scan inside the cockpit. Their
removal does all&w the pilot to monitor g applied during the pull ‘ou'tmo.re effectively as
this now becomes the only nurriqﬁqalA'paraﬁieter in the lower left portion of the HUD,

" eliminating any distracters. |

As with the V/STOL Re_lect 2 mode, the threat of an uncommanded or triggered

I3

" degrade to a reject sub- level favors the addltlon of data the headmg tape, to the reject

sub-level i in order to-increase 1ts utlhty to the pllot.

TARGET DESIGNATIONS
All three display levels in the air-Fo'-'grdﬁnd mode iﬂcorpof'ate' a diamond to
| designate a surface target for which an iﬁgr&al navigation system (INS) driven targeting
. solution has been generated. Tﬁis diamond is fixed to the horizon, so that as the aircraft
rotétes, the diamond remains orientea as a diamond in relationship to the earth and the

- horizon bars in the HUD. Similaﬂy, a square is used to designate a surface target for
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which a dual-mode tracker (TV or Lgser) targeting solution has been generated. This
square is also fixed to the horizon, and remains a square, relative to the horizon bars,
regardless of aircraft orientation. This mechanization presents information to the pilot in
an instinctive and unambiguous manne_:r“. Figure 4-4 below illustrates both an INS
designation with the aircraft level and turning and a TV designation with the aircraft level
and turning, as shown by the orientatioﬁ of the aircraft symbol.

The air-to-air mode originally only incorporated a square to identify targets for
which there was a radar track. This square, unlike the air-to-ground mode, is not fixed to
the horizon, but rotates with aircraft attitude, matching the aircraft symbol. Figure 4-5
illustrates the aircraft with a radar track in both level and turning flight. Allowing the

square to rotate, though not consistent with air-to-ground designation mechanization was
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Figure 4-4. Level and Turning INS and TV Designation Symbology
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considered acceptable since regardless of the symbol.orientation, it could only be
interpreted as airborne target location.‘

The upgraded radar functionality brought about by the OSCAR program has
increased air-to-air functionality, causing a square or diamond to now be displayed based
on radar targeting information. However, the mechanization of this display currently still
allows for the square, and ndw diamond, to rotate with aircraft orientation. This
mechanization introduces ambiguity, making interpretation of the symbol a difficult task,
further complicated by the contrasting mechanization existent in the air-to-ground mode.

During laboratory simulations, subjects were asked to evaluate the existing air-t.o-
air radar track mechanization and to compare it to the current air-to-ground
mechanizétion. The subjects were then shown the same air-to-air displays, but with the
square or diampnd fixed to the horizon as in the air-to-ground implementation. A

consensus was reached that having the symbols fixed to the horizon successfully removed
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ambiguity as to the nature of the symbol, diamond or rotating square. A further benefit is

the consistency between both the air-to-ground and air-to-air mode mechanizations.
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' 'CHAPTER 5

TRAINING HUD MODES ASSESMENT

GENERAL

Though the HUD has shown great utility in the presentation of information to
pilots, this utility has led to a perceived l_ack of need for training in its proper and
' optimum usage. Current niilitary training for pil'ots in the use of the HUD is almost non-
existent both in terms of initial and recurrent training®. The potential utility of tailored
~ reject sub-modes for facilitating development of the proper scan and reducmg the tlme
required for students to gain proﬁc1ency in HUD usage was evaluated through the use: of :
. two control groups The first group cons1sted of 10 mihtary pilots, all with over 1000

. hours of HUD experience in either the F/A 18 Homet or the AV-8B Harrier. The second )

group consisted of ten fli ght test engmeers or former mihtary pilots with no in- fhght
| - HUD experience, currently working in ﬂlght test but in non- av1at10n capacities. The two
groups were subject to both static and dynamic HUD evaluation exercises.

v‘St‘_atic evaluation exercises involved displaying snapshots of HUD presentations
and eyaluating the a‘ccuracy with which the inforrnation- could be discerned. ADynamic |
evaluation exercises utilized the AV-8B si'mulation facility and involved the monitoring .
~ -and manipulation of one, two and three dynamic variahles on the HUD. Additionally,a . |
-collateral non-flight control associated task ‘was, introduced to serve as a typical in-ﬂi:ghtv |

distracter during the exercise. -
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STATIC EVALUATIONS
. Method of Evaluation
~ Static evaluati(;ns .were accomplished‘ by creating a simplified HUD image that
contained ihree numeric parameters (éltitude; nozzle anglé and engine RPM), one analog
parameter (angle of attack) and two gré.phical parameters (gircraft pitéh attitude and
sideslip). A sample slide is inclﬁded in Appendix A, with a representative HUD
presentation shown in figure 5-1. A sample image was provided to all participants for
familiarization prior to the evaluation. Twenty slides were created with varying values
for each of the parameters. Prior to each slide being shown, a.slide delineating the thrée
* parameters to be identified was ;hown, followed by the subject slide being presented on a
screen for 3 seconds. Subjécts were asked to write down the three required parameters

from each slide.
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Fourteen days following the simplified HUD image exercise, the subjects were
again presented with a sample slide of a HUD image for familiarization, but this slide
was representative of the V/STOL reject 1 sub-mode currently employed in the AV-8B.

A sample slide is included in Appendix A, with a representative HUD presentation shown
in figure 5-2. The method of test was the same as for the simpliﬁed' HUD image, but
subjects now had to discern the threé aelineated parameters from a greater number of
competing and potentially distracting numeric, analog and graphical parameters. A two
week delay between the exercises was ipcluded in an attempt to minimize the effect of
learning experienced during the initial simplified HUD evolution from impacting the

results of the follow on exercise.

Results
Post exercise review of the data showed the non-HUD experienced group to have

identified and annotated the delineated parameters with an accuracy of 87% for the
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Figure 5-2.  Complete Reject Level 1 V/STOL HUD
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simplified HUD image and 73.5% for the more complete HUD image. The HUD
experienced group demonstrated 97.67% accuracy for the simplified HUD and 88.5%
accuracy for the more complete HUD image. Results are graphically depicted in figure
5-3 with the raw data included in Appendix B. Though the expected result of the non-
HUD experienced group achieving greater accuracy with the simplified HUD display
served to provide a level of validation for the implementation of training HUD modes,
the trends in accuracy and learning during the execution of the exercise provided an
insight into the possible values of these training modes and of their likely diminishing

returns as aircrew gain experience and proficiency with a HUD.

Static HUD Evaluation

100.00% 1

80.00% 1

60.00% A

40.00% A

Percent Correct

20.00% 1

0.00%

#1: Non-HUD Exp. Simple  2: Non-HUD Exp. Complete
3: HUD Exp. Simple 4: HUD Exp. Complete

Figure 5-3.  Static HUD Evaluation Results
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The HUD experienced group demonstrated a fairly constant level of proficiency
throughout the presentation of the 20 slides in each category as shown by figure 5-4. The
absence of a marked increase in proficiency as the evaluation progressed, both with the
simplified and complete HUD image, is likely an indication of the near maximum level
of proficiency of HUD interpretation already attained by these aircrew. Though barely
discernable, the slopes of the increase in proficiency for each type of HUD image were
nearly equal, with values of .0036 for the simple HUD and .0044 for the complete HUD,
as calculated by the inclusion of linear trend lines, Appendix C. This leads to the
possible conclusion’that once aircreWs reach a certain level of proficiency, learning may

Static HUD Evaluation
HUD Experienced Group
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Figure 5-4. HUD Experienced Group Results
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not be aided by reduction of HUD parameters. However, even at this level of proficiency

and familiarity, the lower level of accuracy achieved by the experienced aircrew with the

complete HUD image, 88.5% instead of 96.67% for the simplified HUD, serves to

underscore the value of eliminating unnecessary parameters from HUD imagery for

operational accuracy.

The non-HUD experienced group, though demonstrating a lower level of

accuracy, figure 5-5, demonstrated a greater increase in proficiency during the execution

of the evaluation. Slopes of linear trend lines associated with the data, Appendix C, were

.0161 and .0101 for the simple and complete HUD images, respectively. The steeper

learning slopes resulting from the non-HUD experienced group were to be expected, and
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serve only to reaffirm the fact that the untrained group has the greater potential for
improving perfprmance. Of greater interest is the 60% steeper slope in the increase in
proficiency of the non-HUD experienced group when utilizing the simple HUD image as
compared to the complete HUD imag;:. Thié result serve§ to validafe the potential that |
simplified and tailored HUD training modes could have in increasing the quality of
training and ﬂreducing the time to train. |

" Finally, the smaller differenge in performance between the two control groﬁbs
when presénted with the simple HUD instead of thé complete HUD, 9.5% versus 15%,
* further reinfor-ces the belief thaf sinipliﬁed and tailored training HUD modes can have a

positive impact in the initial phases of flight training.

DYNAMIC EVALUATIONS S
o Method of Evaluation -

Dynamic evalu;cltiori e'Xércilséé»"utilii‘z"‘ed the AV-8B radar test bench and involved
the monitoring and manipulatioh of one, two and three dy_namic variabl;as on the HUD.
Additiénally, a éollateral non;ﬂight control hss;ociafed task was introduced to servc;. asa
typical in-fli ght distracter dpriné thé exerc}sc.

The simplified HUD conﬁgufation‘ psLd for the dynamic évaluation was similar to
tﬁat used for the statié evaluation. Parameters presented were altitude, airspeed, heading,
_ groimd track and aircraft predictéd flight path. A fepresentative HUD preseﬁtatién is

shown in ﬁguré 5-6. The corhplete HUD configuration used for the dynamic portion was.
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the same as used for the static evaluation. These displays were programmed into the
display processor of the AV-8B radar test bench. The test bench was then C(;upled to the
sfmulation statian and allowed subjects to control the applicable parameters through |
actual cockpit controls and displays r‘epresentativeiy arranged to include accounting for
desigﬁ’ eye position of the HUD®. Out—of—the-cOékﬁit scene simulgti‘o'n was linﬁted to

- green earth with blue sky to provide a discernible horizon referenée.

Subjects were first asked to maintain’ a constant altitude with the simplé HUD
display. Constant airsbeed was then introduced as the second task and constant ground »
track was addéd as the final task. A crqssWind was then intfoduced into the simuiation
increasin;g the workload required to maintain a constaﬁt ground track. Finally, the

subjects were presented with written information and were asked to read out loud while
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m'aintaining' all parameters constant in an effort( to further increase their workload. This

n same process was then repeated w1th the complete HUD conﬁguratwn after a two-week '

delay. As w1th the static evaluation the delay between the exercrses was mcluded in an

attempt to minimize the effect of leaming experienced during the initial simplified HUD .

‘evolution from impacting the results of the ',follow on exercise.

. Results

Results from the dynamic evaluation served to reinforce some of theconclusrons
drawn from the static evaluation.' For kthe non-HUl) expenenced group, deviations from
altitude when it was the only parameter required with the simple HUD, averaged 10to0 20"
ft. This is within the level of accurac; achievahle with the control response in the
simulation facility. The introduction of airspeed did not significantly impact altitude .

deviations, and subjects were able to maintain airspeed within approximately 5 kts of the

~ specified value. The addition of_ ground track control did not initially impact the
~ magnitude of altitude or airspeed deviations and subjects were able to maintain ground -
- track within 1 to 2 degrees of the specified parameter. However, the introduction of a -

crosswind into the ground track’ requirement caused observed altitude deviations of as

much as 80 ft from the specified value. The added task of verbalizing. written
mformatron did not notlceably increase the magmtude of altitude dev1ations but d1d
create a nearly contmuous sinusoidal vanance, as the majority of subjects were unable o

capture altitude, but rather made constant periodic corrections to it.
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I‘ Airs'peecl control did not yar};n_o.tiiceab'ly. 'fhis was likely a result of the th;;ust
axis not bleilngA imp_aétéd by the smgll" hezi&ing and altitude corrections being utilized.
'On'cg ai'rs,peed was captu‘red; in th‘ejn‘iiial ‘phase of the evaluation, subjects rarely needed
to applsl throttle corrections. "A beﬁéf i_'rﬂl;ldeérﬁerit of ‘the thrust axis may have been
‘- avlcéhi:e‘vedT b); réqu:irin.g vs'quects to change altituides, thus requiring associated throttle
caﬁections to.maintain airspee;dA\i\‘/,ith;n‘ 'tdléranlcle. .
The introduction of a érossWind appeared to leaci subjects to concentrate on -
; maintenanqe~of fi'le ground tré;:k paifavr‘:het'ez:r, aé thlS was the only parameter being
'citlce\fr.lélly impacted. This may ékpiéﬁfhéj mmlmal deviations seen from ground track.

N Tﬁis emphasis on ground,tréck,'kcr;dmbihéd"_wi_thv the apparén"tly diSa§sociated airspeed.

- maiﬁten'ance 'task,‘forced the':_u'se of tlhe'_‘r“ésullting de,\'/iaitions of altitude as the only
perforrhance gauge for the exercise. '. |
| The sqbséquent evaluafidn of ;hé non-HUD experienced group with the corhpiete
HUb initially’ yielded very sémilgr rééults, Initiél obser\}t_aci altitude deviations ayeragec'lﬂ
- 16 to 20 ft when aititugie was the only reQuired parameter. The introduction of airspeed

~ did not noticeably irﬂpact alfitude fnanagement-and airspeed maintenance never bécame
an _issué f(;r reasons previousiy metitihoncd.. The introduction of ground track maintenance |
) z;gair:\ did not havé an initial i'mpélct oﬁ parameter deviations, but as before, the
iﬁtroduction of a crosswind into the ground trgck maintcnance task increased altitude |
de’viations. E)-(‘cur_si‘dns of as fnuch as 7.6 ‘t'o 80 ft were observed. The only.signiﬁcant
. difference between the exercises was observed whén the reading task ‘was introduced.

‘Where as with the simplified HUD configuration, subjects were able to maintain the
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deviatlons within approximately 80 ft of theprescribed value, deviations of as much as
210 ft were noted with the complete HUD. After the subjects’ focus was drawn off the
HUD presentatlon to accomphsh the readmg task, a longer delay was experienced in
reacquiring and reactmg to the drsplayed data on the more complete HUD leading to
deviations of greater magmtude. ,These dev1at10ns support the development of srmpht‘red
| HUD designs to improve operator acCuracy by' allowing more rapid recognition and
interpretation of the data pertinent to the speciflc situation. ) ‘

The HUD experienced group .init‘i"ally exhibited similar performance with the
srmphﬁed HUD. Initial altltude dev1at10ns were in the order of 10 to 20 ft and alrspeed
maintenance did not become an 1ssue The 1ntroduct10n of ground track. control did not
perceptlbly 1mpaCt parameter dev1at10ns.’ A'drfference in performance from the non-
HUD expenenced group was noted w1th the mtroduct1on of crosswmd W1th the HUD
experienced group, the effect of crosswmd on the magmtude of parameter déviations was
neghglble. Also, the 1nclus10n of the readrné task failed to produce any notlceable , |
change in _performance.. | ‘ | o

Introduction of the complete HUD to the expenenced group yrelded comparable
results to.that of the s1mp11ﬁed HUD. up to the pomt of 1nclusron of the readmg task

When using the srmple HUD display, even the 1nclusron of the readmg task did not :

- prevent prec18e altitude control that could be best descnbed as a1t1tude capture W1th the

1ntroductlon of the readmg task to the complete HUD dlsplay evaluatlon though the
deviations remamed minor, maximum observed devratlon were 30 to 40 ft, they became T

more frequent, again indicating a delay in the. reacquiSition and reaction to pertinent L
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information when distracted from the display. However, as in the static evaluation, the
reduced magnitude and significance of these deviations by the HUD experienced group
points to both the diminishing returns of simple training HUD modes for experienced
aircrew and the likely minimal impact of including additional HUD data to displays once
aircrew have completed initial training and developed proper scan patterns. The
remaining chapters address potential training HUD modes for the takeoff and landing and

air-to-ground environments.
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CHAPTER 6

V/STOL TRAINING HUD MODES

GENERAL

During training of pilots in the takeoff and landing regir;les of flight encountered
by the AV-8B, the greatest challenge can be developing the proper scan for the takeoff or
landing being performed. Though the V/STOL HUD mode provides all information
required for all landings, different information must be prioritized as landing and takeoff
type are varied. HUD modes tailored to specific takeoff and landing types by removal of
non-essential data may have the potential to provide an accelerated scan development and
improved task performance by removing distractions'®. Reduction of HUD imagery will
also allow for greater concentration on the external environment, which can be easily
overlooked as HUD imagery competes for the pilot’s attention''. The following are

examples of proposed training modes using the V/STOL Reject 1 mode as the basis.

CONVENTIONAL LANDING.

The conventional landing is accomplished with the nozzles in the aft position and
the flaps in the AUTO setting. In this configuration, with the gear down, the flaps will
remain at 25 degrees. These set of conditions remove the requirement for nozzle or flap
indications. Additionally, power settings encountered are such that the upper limits of

the RPM or JPT are not encountered, eliminating the need for an RPM or JPT display.
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Assuming that landing pattern training will také place in visual meteorological conditions
(VMC), the requirement for heading indications can be eliminated as can distance to the
selecfed waypoint or tacan. Since pitch carets are only used as an aid for setting takeoff
attitude, these too can be removed.

It can also be érgued that rate of descent readout throughout the approach is not
required since altitude will be scanned, and that airspeed is not required due to the proper
execution of the conventional landing being based on an ACA instead of airspeed.
Groundspeed, however, should be retained to ensure that touchdown does not take place
above 180 kts, the tire limit.

The resulting display, shown in figure 6-1, would force the student to focus on
aircraft altitude, attitude and AOA, by eliminating most other data from the HUD, while

not compromising safety. Altitude, attitude and AOA are the critical parameters that
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Figure 6-1.  Conventional Landing Training Mode
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must be monitored and controlled during the execution of a conventional landing. Theé
- display of sideslip would erisure that coordinated flight was being maintained throughout
‘the approach, and the display of groundspeed would indicate if there was a possibility of

exceeding the maximum allowable tire s'peed.‘

FIXED NOZZLE AND VARIABLE NOZZLE SLOW LANDING

The ﬁxed nozzle slow landmg and varlable nozzle slow landmg are accomphshed E

through the mampulatron of, in addltlon to the throttle, the nozzle lever. Depending on -

' Larrspeed nozzle sett1ng and ﬂap mode smce these landmgs can be accompllshed in

' STOL or. AUTO flap. settmgs, the ﬂap angle w1ll vary Due to these vanables, nozzle and

' ,ﬂap angle must be retamed on’ the HUD In add1t1on dependmg on nozzle setting and
- amblent condltlons RPM orJPT hrmts may be -approached, fequiring that at least the
parameter whose 11rmts are closest to bemg reached be dlsplayed

y

i As in the prev1ous example, VMC trammg w1ll be assumed, elmunatmg the

: ’requlrement for headlng mdxcatlons and dlstance to the selected waypoint or tacan. PltCh .

'carets used as an ald for settmg takeoff attltude'w1ll also be removed. -
Agam rate of descent readout throughout the approach is not requrred since

- altrtude will be scanned and alrspeed is not requlred due to proper execution of the fixed

nozzle slow landmg and vanable nozzle slow landmg bemg based on an AOA instead of -

a1rspeed Groundspeeds encountered w1ll be well below the 180 kt 11m1t allowmg for

: "delet1on of this parameter from the HUD
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Figure 6-2.  Fixed Nozzle/Variable Nozzle Landing Training Mode

The resulting display, shown in figure 6-2, would again force the student to focus
on the critical parameters while not compromising safety. Inclusion of nozzle and flap
angle would introduce the student to monitoring and managing these flight control .
parameters, while inclusion of engine RPM or JPT would introduce monitoring of critical

performance parameters.

ROLLING VERTICAL LANDING

The rolling vertical landing is performed similarly to the fixed and variable nozzle
slow landing except for the only allowable flap setting being the STOL position aﬁd the
final portion of the approach being based on a groundspeed and glideslope instead of
AOA. These differences would lead to two changes to the FNSL/VNSL training mode.

The requirement for flap angle display would be eliminated, as these would be at a fixed
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setting, but groﬁ’ndspeéd would have to be included. Thoqgh the final portion of the
approach is based on glideslope and groundspeed, AOA will have to be retained as the
* - initial portion of the approagh is baséd ;)n a 10 degree AOA approach until nozzles are
‘lo;zve;ed to approximatély 70 degrees and the groundspeed/glideslope profile ié
intercepted. | |
~ The resulting display, shown in figure 6-3, would reduce the need to scan both 4 |
nozzle and ﬂa[; angle but introduce the.groundspeed parameter as a variable, instead of

just as a limit as used during conventional landings.

VERTICAL LANDING

For a vertical landing, the aircraft is-conﬁgured as it is for the roHing vertical

LR K BRI

landing. The difference in exécution occurs as the aircraft rolls into the final Iio’rt_ion of

the approach, the nozzles are brought.to the hover stop position instead of to the
—  —w
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Figure 6-3.  Rolling Vertical Landing Traiﬁing Mode
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approximately 70 dqgrce nozzle setting. At this poipt, the aircraft decelerates rapidly and
transitions from wing—i)orne to thrust-borne flight. Scan requ.irements'will be similar-as
far as nozzle setting, pgrformémce parameters and proper attitude and AOA; as the final |
approach is commenced. Ground spéed will also have to be retained in order to
_accurately assess excess performance status as the aircraft decelerates through 60 kts and
wing lift is lost. The resulting display would be the same VEIS used for rolling vertical

- landings, previously shown in figure 6-3.
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CHAPTER 7

AIR-TO-GROUND TRAINING HUD MODES

. HGENERAL

- Much l1ke the V/STOL HUD mode prov1des a vanety of data that is not
apphcable to every situation, the AG HUD modes also prov1de parameters that though
likely applicable durmg the executlon of a tactlcal missions, will dlstract the pilot .
attempting to leam the basic mechanics of ordnance delivery and weapons employment.

* Of further importance during the\ execution of dive deliveries is ‘the requirement to
qulckly react to continuously changmg 1nformatlon in order to not exceed safety
thresholds associated with weapon fusing, ordnance fragmentation and terrain av01dance.
Reduction of HUD mformatlon to only esse‘ntlal elements, permits for faster react1on
time by reducing the delay in recogmzlng and assmulatlng critical information'?. The =~
follo»tnng is an example of a trammg mode that could be used to accelerate the

development of the scan required for successful basic ordnance delivery. -

AG TRAINING MODE FOR AUTO DELIVERIES

Usmg the ReJect 2 mode for auto deliveries as the basis, few changes would be
' requlred Though distance to target would be required in order to determine the
appropnate attack cone distance, time to target does not prov1de any benefit to the =

mechanics of bomb delivery-and could be eliminated. As already stated in the
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assessment of the AG modes, the max g display should incorporate a time out function so
that it is not pfesent at roll-in and during the dive delivery. All other parameters are
justifiable as safety of flight or weapons delivery parameters. The resulting display
would provide initial conditions through airspeed, z;.ltitude and distance readouts. The
delivery would be executed through the use of the gzimuth steering line, weapons release
cue, flight path indicator and target designation.- Abort parameters of altitude, airspeed
and dive angle would be present, as would noﬁnal load factor applied for the dive

recovery. The proposed display is shown in figure 7-1.
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Figure 7-1.  Air-to-Ground Training Mode
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CHAPTERS

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

Though the Heads Up Display provides a trefnendous decrease in workload and
corresponding increase in capability to execute ﬂight related and mission taéks, '
refinement of existing HUD mode‘s‘in the AV-8B is required to provide greater safety and
efficiency in the accomplishment of these tasks. As the number of weapons systems and
sensors available for carriage has increased, the amount of information presented on the
HUD has correspondingly increased ‘With little or no effort being applied to the nature bf
the presentation. This has led to diépléy clutter being reborted by pilots to be a major
problem'®. The amount of data pre%enfed often interferes with the pilots’ ability to h
discern critical parameters, and lleadslto an increased amount of time focused on thg HUD
and not (;n the surrounding environmt:ﬁtl 1'. This situation bécomes panicularly criticall-
when the surrounding environment is the Itarge',t area vor the landing pattern. Any increase
in the efficiency of HUD scan‘ will diréctly relate to an increase in comBat capability,
situational awareness and in the landiﬁg pattern, general safety. The evaluation of both
HUD experienced pilots and non-HUD experienced pilots and flight test personnei _
directly demonstrated the value of simplified HUD designs through the gfeater levels of
accuracy achieved during both static and dynamic'assessments when using a simplified

HUD vice a complete HUD.

49




Further reduction of data displayed in the HUD, to that necessary to accomplish
only the most basic aspects of weapons delivery and takeoff and landing, though not
tactically suitable, shows potential in increasing the efficiency with which pilots are
trained. Presenting only the required data to accomplish these tasks will rapidly develop
the proper scan and irr;prove performance and decrease time to train. This was
demonstrated during the static evaluation by the 60% greater increase in learning
exhibited by the non-HUD experienced group when presented with a simplified HUD
rather than a complete HUD.

As tactical aircraft transition from console mounted HUD symbology to helmet
mounted displays, consideration must be given for the continued improvement of display
design'®. The helmet mounted display, though' seen as the next generation of information
display technology, will be subje;ct to the same drawbacks of image clutter as the
conventional HUD. In transitioning to this technology designers must focus on optimum
design and presentation of information and not merely settle for a rehosting of existing

displays on a new medium.

RECOMMENDATIONS
Takeoff and Landing Modes
- Remove the boxes around the airspeed and altitude readouts in both the Normal
and Reject 1 modes of display. The box around airspeed may remain while on

deck and be removed as the aircraft reaches nozzle rotation airspeed.

- Remove the numerical heading indicator in the lower right hand corner of the
Reject 1 mode.
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{ Eliminate the aircraft fl1ght path symbol in RC_]CCt 1 mode as a1rspeed is decreased
below 60 KCAS.

- Add nozzle angle to the Reject 2 mode.
- Display the priority limiting parameter of JPT or RPM in the Reject 2 mode.

- . Display grouridspeed in the Reject 2 mode. _‘ |

Air-to-Ground Modes

Remove the boxes around the airspeed and altitude readouts in the Normal mode.

- - Remove the numerical héading indicator in the lower right hand corner of the
Normal and Reject 1 modes.

- Remove the maximum G readout after a spemﬁed time delay in the Normal,
- Reject 1 and Reject 2 modes.

- Display a numerical heading indication in the Reject 2 mode.

Target Designations

- Display air-to-air target track symbology referenced to the horizon.

Training HUD Modes

- Develop configurable HUD modes for-initial phases of flight training.
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APPENDIX A
STATIC EVALUATION HUD CONFIGURATIONS
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Figure A-1.  Simplified HUD Configuration
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"APPENDIX B

STATIC HUD EVALUATION RAW DATA
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Table B-1.

Non-HUD Experienced Group with Simple HUD

Non-HUD Experienced - Simple HUD

Slide #1| Total Ans. | Corr. Ans. | Percent
1 30 22 73.33%
2 30 23 76.67%
3 30 20 66.67%
4 30 22 73.33%
5 30 21 70.00%
6 30 23 76.67%
7 30 24 80.00%
8 30 28 93.33%
9 30 28 93.33%
10 30 26 86.67%
11 30 27 90.00%
12 30 28 93.33%
13 30 28 93.33%
14 30 30 100.00%
15 30 27 90.00%
16 30 30 100.00%
17 30 28 93.33%
18 30 29 96.67%
19 30 30 100.00%

20 30 29 96.67%
600 523 87.17%
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Table B-2.  Non-HUD Experienced Group with Complete HUD

Non-HUD Experienced - Complete HUD
Slide # | Total Ans. | Corr. Ans. | Percent
1 30 16 53.33%
2 30 18 60.00%
3 30 18 60.00%
4 30 22 73.33%
5 30 22 73.33%
6 30 21 70.00%
7 30 22 73.33%
8 30 22 73.33%
9 30 24 80.00%
10 30 . 22 73.33%
11 30 24 80.00%
12 30 23 76.67%
13 30 21 70.00%
14 30 26 86.67%
15 30 21 70.00%
16 30 22 73.33%
17 30 ° 24 80.00%
18 30 26 86.67%
=19 30 24 80.00% |-

20 30 23 76.67%
600 441 73.50%
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HUD EXperienced Group with Simple HUD

Table B-3.
HUD Experienced - Simple HUD

Slide #| Total Ans. | Corr. Ans. | Percent
1 30 27 90.00%
2 30 26 86.67%
3 30 29 96.67%
4 30 29 96.67%
5 30 - - 27 90.00%
6 30 30 100.00%
7 30 - 30 100.00%
8 30 28 93.33%
9 30 30 100.00%
10 30 29 96.67%
11 30 30 100.00%
12 30 30 100.00%
13 30 30 100.00%
14 30 28 93.33%
15 30 29 96.67%
16 30 30 100.00%
17 30 30 100.00%
18 30 28 93.33%
19 30 30 100.00%
20 30 30 100.00%
600 580 96.67%
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Table B-4.  HUD Experienced Group with Complete HUD

HUD Experienced - Complete HUD
Slide # | Total Ans. | Corr. Ans. | Percent
1 30 26 86.67%
2 30 23 76.67%
3 30 26 86.67%
4 30 25 83.33%
5 30 28 93.33%
6 30 24 80.00%
7 30 29 96.67%
8 - 30 28 93.33%
9 30 24 80.00%
10 30 27 90.00%
11 30 - 24 80.00%
12 30 28 93.33%
13 30 27 90.00%
14 30 28 93.33%
15 30 28 93.33%
16 30 25 83.33%
17 30 28 93.33%
- 18 30 29 96.67%
19. 30 25 83.33%
20 30 29 96.67%
600 531 88.50%




APPENDIX C
STATIC EVALUATION LINEAR TREND LINES
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Figure C-1. Non-HUD Experienced Group Data Linear Fit
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Figure C-2. - 'HUD Expeﬁehped Group Data Linear Fit
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