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DEVELOPMENT OF A NON-DISTRIBUTED FLIGHT REFERENCE SYMBOLOGY
FOR HELMET-MOUNTED DISPLAY USE DURING OFF-BORESIGHT VIEWING

Eric E. Geiselman
Air Force Research Laboratory
WPAFB, Ohio

The primary purpose of the helmet-mounted display (HMD) for the fixed-wing tactical application is to
provide target acquisition information to the pilot. The HMD and the informatésociatedvith it should
first be designed to get the pilot's eyes on a target and to help lead a weapon sensor to a point of interest. In
parallel arisedpoth the capabilityandthe need toprovide other types of information via the HMD. For
instance, ownship status information (including airspeed, altitude, heading, and atfituded presented to
the pilot regardless of head location or movement. Off-boresight ownship status information usajube
during high off-boresight targeting tasks.

From previousresearchthe following conclusionsare reasonable: 1) HMDpresentedinformation
enhancegilots’ ability to look far off-boresight for longperiods oftime during air-to-airtasks (Osgood,
Geiselmanand Calhoun, 1991; GeiselmaandOsgood, 1994). 2Increasedine of sight (LOS)duration
and angle off-boresight occurs independent of HMD information functionality (targetingwnship status
information) (Geiselman and Osgood, 1994; Geiselman and Osgood, 1995a). 3) During siranthtést
flight trials, pilots prefer that off-boresight ownship informationif@udedwithin the HMD symbology
set (Osgood et al, 1991; General Dynamics, 18&hmer,1994; Geiselmamand Osgood, 19940sgood
andChapman, 1997; Fechti®oucek,andGeiselman, 1998). 4) Specific symbology formats should be
designed to minimize occlusion and clutter (Fechtig et al, 1998).

HMD use may result irncreasedargeting situatiorawarenes¢SA) but theeffects of spending more
time looking farther off-boresight on the spatial orientation component of overall SAois yet known.
Because HMD equipped pilots tend to look farther off-boresight for longer periods of time versusnjUD
pilots, it follows that the HMDshould contain some of the information thiéots would otherwisescan
when looking forward into the cockpit. The display of ownship status information within the #&dDof
view (FOV) is an example dhis type of information. For our purposes, ownship status information is
intended tokeepthe pilot informed of the primary flight parameterswhile targeting tasksare being
performed. Thenformation isfurther intended tokeepthe pilot from becoming spatiallgisoriented. The
information is not necessarily intended to be used as a recovery aid for incidences of spatial disorientation.

Ownship status informatioimcludes atleastairspeedaltitude, headingandattitude. It is anticipated
that this information will be usefulluring low-light and degradedvisual conditions at viewingangles
outside of the cockpit and HUD FOV. The challenge to the designerdevielopsymbology that supports
all the display information tactical objectivesthout adversely affectinghe primaryutility of the HMD.

This means the symbology has to be highly usable compared tassogiateatost and clutter incurred by
its presence. It is not acceptable for HMD ownship status information to cause spatial disorientation or any
other significant distraction from the primary objective of the information source.

The presenpaper describes aownship status symbology set beinigveloped bythe Air Force
Research LaboratoryAFRL) to enhanceinformation affordance of future operationalHMDs. The
requirements of a successtiMD ownship status symbology sate understood to be dnformation
sourcethat adds tothe operationaltility of the HMD by increasing lethalityand survivability for day,
night, and all weather application.

HMD ownship information design principles:

The following aregeneralHMD ownship status symbology assumpticargldesign principlesvhich
have been derived from empirical research and flighfeestback The design principlesere used abasis
for the development of a new HMD ownship status symbology. The intent of thelasign is toincrease
the informationconveyanceand utility of the HMD while minimizing thenegative impact ofadding
unnecessary symbology. Following the assumptions and design principles, example syrdbsiggy are
given to illustrate the differences between a current symbol set and the new symbology whilelsigves!
to closely comply with the listed principles.
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1) Off-boresight ownship status information should be included in the HMD FOV any time visual flight
conditions are less than perfect.

2) The information should include ownshgirspeedaltitude, heading, attitudend possibly acceleration
and vertical velocity.

3) The purpose of off-boresight ownship information iskeepthe pilot aware of state changes in
support of the primary HMD tactical functions. The displayniended tokeepthe pilot fromentering
an unusual attitude vs. allowing the pilot to recover from an unusual attitude while off-boresight.

4) To reduceclutter within the small HMD FOV, it isacceptable touse digital information. This
supports the reduction of attentional capture.

5) Digital information should be used sparinglgd insuch a way thaits spatial location helpsonvey
meaning or identification. For instance, airspeed should be located left of aftitdtieadingshould be
displayed betweenirspeed andltitude. The basi¢T” primary flight information format convention
should be maintained.

6) Ownship information should be kept in close proximity to other ownship information. Tlignés to
reduce clutteand promotespace-basedttention. Otherwise, clutter spreadacross the displagurface
and a wide scan pattern is required to include all information.

7) To reduceocclusion of points of interest in thautside world, ownship status information should be
located in the bottom portion of the HMD FOV for thie-to-air applicatiorand inthe top portion of
the FOV for air-to-ground applications.

8) Attitude information should support maneuvering throughoutait@aft performancenvelope for all
axes. The attitude display or ownship information suite shaoldbe limitedrelative to theaircraft
capability, and roll, pitch, and yaw movements should be indicated.

9) To reduce clutter and maximize usability, the attiteeferenceshould becompressed (eatio of visual
anglesubtended byhe symbology to the anglepresented byhe symbology). This allowsircraft
maneuvering to bedisplayed via a global display. High compression ratios promet#anced
interpretation by slowing thepparentmotion of dynamic effects,but precision isreduced.Some
attitude designs representatal 180 degrees ofclimb/dive angle (CDA)within a visual angle of 5
degrees or less.

10) The HMD attitude reference should figihtpath based(to indicate CDA instead ofpitch angle). This
mechanization gives the most meaningful account ofittoeaft energystateandinstantaneoushanges
in altitude.

11) Attitude information should be forward referenced. This is domedocethe potential ofdisorientation
caused bycoupling head andaircraft movement withattitude display changeg$:orward referenced
displays are also easier to “look around” versus information that is superimposed over thewautdide
Additionally, forward referenced displays are not affected by tracker system lags and delays.

12) The observer perspective interpretation should be inside-out vs. outside-in.

Symbology examples:

Figure 1lrepresents a curreiMD ownship status symbologyesignintendedfor the air-to-air
targeting application. In this symbology, the ba$i¢ layout is not maintained because attitude
information is presented below the heading reference, (although the configuration is consistent with a HUD
layout). Digital ownship status information is spread across the disptégce to decluttethe centralarea
of the display. An active scan iequired toview therequiredinformation that is nowocated around the
periphery of the FOV. Targeting information and ownship informasi@likely to occludeone another in
this design becausthe information isdistributed acrosthe displayFOV. This is especially true in the
upper portion of the display where air-to-air targeting information (seeker reticle, locator line, TBtdpx,
is most likely to be displayed.

A Non-Distributed Flight Reference (NDFR) is beidgveloped bythe Air ForceResearch Laboratory
(AFRL) as a potentiasource of off-boresighbwnship status information for HMD applicati¢Rig. 2).
The display waslesigned to be imompliancewith the design principles outline@dbove. In theNDFR,
ownship
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Figure 1. Symbol set which represents current HMD ownship status information design.

Figure 2. Non-Distributed Flight Reference symbol set.



This paper has been cleared by ASC 99-0899

status information isnoved in close togetheand placedwithin an attitude symbology. Primary flight
information is located within the display and is spatially arranged so that the conventiondirbdaiout

is maintained. The display imechanized sahe attitude display is flightpath-basechmpressed, and
forward-referencedlhe full aircraft maneuvering envelope is supportedthg use ofheadingtags which

appear at extremelimb anddive angles. For their-to-air application, the uppearea ofthe display is
decluttered to reduce occlusion of targeting information. By not distributing symbology across the display, a
compactandportable information “stamp” igreatedfor the primary flight information. This information
stamp can be located elsewhere within the HMD FOV for other applications saght@ground,and the
interpretation of the information does not change. The paragraphs below describe the NDFR in more detail.

NDFR primary flight symbology:

The NDFRincludes airspeediltitude, and headinginformation presenteddigitally inside an outline
framework designed to mimic the shape of aircraft wings and tail (Fig. 3). The shapeaotithiésymbol
is also designed to form a schemaW¢’ or stylized waterline across thep of the outlined information.
Together these features form the ownsdiipraft referencesymbology for theattitudesymbology. Within
the aircraft referencesymbol, airspeed is presented dme left (480 kts)altitude ispresented onhe right
(22,600 ft.), and heading (90 degrees) is presentdstlow and in-betweenairspeed andiltitude. This
configuration is consistent within the conventional bdsic primary flight referencdayout. Theaircraft
symbol is fixed relative to the HMD FOVand the attitudesymbology moves about itAttitude is
interpreted by comparing the aircraft reference symbol to the attitude symbology.

{ 480~ 22-6) 480~ 22-6
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Figure 3. NDFR flight information without and with the ASAR attitude symbology.
NDFR attitude symbology features:

NDFR uses an Arc Segmented Attitudeferencd ASAR) approach fothe attitude component of the
symbol set. The ASAR has also baeferred to ashe “orange peel” display becausis resemblance to a
orange slice. The ASAR was originally designed by Deutsche Aerospace as a potential HUD flightary
reference symbology. The format was modified byh®. Air Force as a HMD attitudeeference and has
flown on both the X-31 and on a AV-8&ircraft aspart of two separatdlight evaluationsg(Boehmer,1994;
Meador and Geiselman, 1996; Osgood and Chapman, 1997). Pilots reported that the symbology was easy to
interpret and usable for global attitude maintenance. More modificatieresmade tdhe ASAR toform
the presenNDFR component. To support more of thiecraft maneuvering envelopégadingtags were
added to the ASAR symbology to give an indication of ownship roll at extreme elidive angles. The
headingtags are mechanized to appeahen climb ordive angle reaches 80 degrees greater. This
functionality wasadoptedfrom the Theta attitudesferencesymbology which displaysieading integrated
with roll and pitch information (Geiselman and Osgood, 1995b). The following is a description hEsihe
NDFR attitude symbology features.

The ASAR attitude symbology includes a fixed climb/dive symbol (ownship symbol) wémbsents
flightpath angle and roll by its relation to a half circle arc surrounding the ownship symbol (Fig. 3). During
straight and level flight, the upper, or above-horizon half ofcitae is not drawn. The visible lowerhalf
of the circle represents the area below the horizon. As the climb iaogdases, the negative anglea of
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the arc begins to narrow in proportion to the climb/dive angle (Fig. 4). Conversely, with an incrdigse in
angle, the arc closes to form a more complete circle. The heading tags give an indication of ownship roll at
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Figure 4. NDFR during various climb and dive angles.
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Figure 5. NDFR during roll maneuvering.

extreme climb and dive angles (86grees ogreater). In a 9@legreedive, thearcforms a completeircle
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with markers to indicat¢éhe direction ofthe closest horizon. The opening in the also represents the
direction to the closest horizon. This mechanization allows the following ruteuaib to beused during
maneuvering back to the horizon: “roll fut the opening at the nose of the ownship synamolpull.”

The format was designed to provide the most information during critical dive attitudes (drawn circle). During
level flight or a climb, thedrawnsymbology islocatedlow in the display FOV tareduceobstruction.
During rolling maneuvers the arc and artificial horizon rotates about the ownship s{fthob). Typical
compression of the NDFR ASAR is approximately 19:1 depending on the HMD FOV.

NDFR research and evaluation.

The NDFR needs to be evaluatehjainstcurrentsymbology sets taletermine if the new design
produces performandeenefits which justify the cost of its implementation. Alsesearch isrequired to
refine the formandfunction of the NDFR. For instance, it is not known if ttiewn frame around the
NDFR digital information is required for the successful interpretation of the informatiormdtidication
or removal of the frameould furtherreducedisplay clutter. Also yet to bdetermined ighe initialization
angle for the pop-up heading tags. These tags are intended to give the pilot world-referenced roll information
at extreme climb/dive angles. At what angles the information becomes usefulldésitatall) has not yet
been investigated.

The following are recommended methodology guidelinesnded to be usedr HMD ownship status
symbology evaluation purposes: Similar to the symbolagvelopment, held constant across the
methodology design ishe belief that the primary purpose of the HMD is target cue€irgerefore,
representative evaluatidiasks are those whichinclude off-boresight target searchindesignating, and
tracking. An evaluation methodology should be designed to be flexible, so future candidate symbologies and
other interface technologies, such as multi-sensory displagan be reliably compared topreviously
collected data. A secormbjective is todevelop amethodology that is both empiricalnd operationally
valid. It should be experimentally controlldulit recognized bysubject matter experts as operationally
relevant. The methodology should include the following features (Geiselman et al, 1998):

1) A multi-phased trialapproachshould beused tohelp ensuretrial continuity. Eachtrial should be
formed of separate phases which are treated and analyzed as separate tasks.

2) A dualtask paradigmshould be employedith off-boresight targetingsearch,location, designation,
and tracking) primary tasks.

3) The secondantasksinclude flight tasks such asttitude maintenance, maneuverirand extreme
attitude maneuvering.

4) Because of the operational nature of the tasks, at least the initial evaluations should usenattbject
experts as experimental subjects.

5) Independentvariable manipulations shouldhclude symbology format type, a no-HMD symbology
baseline condition, and natural horizon presence (on or off to simndatdegraded andegradedrisual
conditions).

6) Measurement metrics shoulimhclude task performance,subject behavior(head movement), and
subjectivefeedback Subjectivefeedbackshould includepreferenceguestionnairesyorkload estimates,
and situation awareness ratings.

NDFR and other applications:

Becausehe NDFR forms a small information stamp,canpotentially beused inother cockpit and
aircraft control applicationsBecausehe information ispresentedhe same wayvherever it isused,user
interpretation should be consistent. Other useslude head-down displays, flightpath-in-the-sky
enhancement, and UAV/UCAV control station applications.

Head-down displays:

NDFR symbologycan beadded tohead-downdisplays which presentlyequire pilot attention but
distribute or do not include ownship status information (Fig. 6). The NDFR should be unobtrusive, but the
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information will be available to keeghe pilot in contact withaircraft status information without an
otherwiserequiredscan of primanyflight instruments or d&ead-uplook out of the cockpit. Similarly, an

NDFR approach may present sufficient information to meet stand-by flight instrumersatiammoss-check
requirements. In any casthe objective is tdkeepthe pilot in continuouscontact with ownship status
information to thereby keefhe pilot from becoming spatialldisoriented.Becausethe NDFR form is
consistent regardless of its location, display interpretation from one location to another should be seamless.

Figure 6. NDFR shown in a multi-function display application.
Flightpath-in-the-sky symbology:

Flightpath symbology (Fig. 7) givesttitude information relative to @rescribed, commanded, or
predicted route of flight. This is very good for situation awareness relative to the route of flighitctaft
attitudeand primary flight information forfree flight over theearth isnot as well supportedCoupling
NDFR information to the flightpath ownship symbology may help to global ownship stataeness
(Fig. 8). In conjunction with off-boresight use of the NDFR, the pilot can be kept in constant cuititact
basic flight information via a information source with a consistent interpretation.

UAV/UCAYV control station:

The sensor information an Uninhabited Aerial Vehi@l&\V) and UninhabitedCombatAerial Vehicle
(UCAV) operator uses is similar to that available to a pilot using a limited FOV. Presently, the ssusor
by the UAV operator is not coupled to the operator's LOS. A manually slewabiera orother sensor is
used to give the operator visual flight feedback. The cameradr@d8ehicle flightpathare seldom aligned.
Additionally, the operator does not have any proprioceptive sense of LOS vs. the longitudinal axis of the air
vehicle. Similar to the HMD use, NDFR like informatiocan be used tgive constanforward-referenced
basic flight information regardless of sensor LOS. Also, NDFR informaioitd be locatedvithin other
groundcontrol station mission planningndstatus displays tkeep UAV/UCAV operatorsaaware of the
vehicle flight status.
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Figure 7. Flightpath-in-the-sky symbology with distributed ownship status information.
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Figure 8. Flightpath-in-the-sky with NDFR ownship status information.

Conclusion:

The near-termAFRL goal is todevelop a performanceptimized HMD symbology seintended for
present technological capability. The developmengftective ownship status information symbology is a
partial fulfillment of this overall goal. Thegeneral development approach includes identification of
empirically derived design principles whiclan be applied acrostverseHMD applications. The ownship
symbology set will be designed to comply with the design principles. The NDFR is an exmathlet of
this design approach. The symbology resulting from this process will form the bakedige forthe first
operationally fielded HMDs. Likewise, the symbology formats will b@cluded in design guidance
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documentation forelatedapplications. The NDFR symbology is a baseline ownship status symbology
candidate. After the baseline symbology set is established, new designs will be added or will replace baseline
formats wheneveroperationalneed, technological innovation, odemonstrated performance enhancement
warrants the change. Regardless of the eventual HMD symbology formaegritresidesign principles and
evaluation lessonkarnedshould helpensurethat the moseffective symbologydesignsareimplemented

for future operational HMDs.
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