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19.  Abstract (Continued)

with the arcraft sysems. The development and fielding of the IHADSS hedmet mounted display
have expanded the role and importance of the hemet. If helmet mounted displays are the design
choice of future arcraft, it will be imperative to place increased emphas's on the human factors
aspects of the hemet.
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ABSTRACT

Higoricdly, the god of aviation hemet design has been to provide primarily impact and
noise protection to the user. In 1985, the U.S. Army fielded an advanced attack helicopter which
required anew helmet concept in which the role of the helmet was expanded to provide avisudly
coupled interface between the aviator and the aircraft. This new helmet system, the Integrated
Helmet and Display Sighting System (IHADSS), uses a hemet fitted with an eectro-optical head
tracker and amonocular display. The head tracker dlows a dewable therma imaging sensor,
mounted on the nose of the aircraft, to be daved to the aviator's head movements. Imagery from this
sensor is presented to the aviator through the helmet-mounted display (HMD). Thistype of system
generated severd concerns, recognized early on, but which il are unresolved. These areas include
questions of monocular vs. binocular imagery, eye dominance, and binocular rivary. In addition,
the task of interfacing the aviator's head to the aircraft hasintroduced previoudy unanticipated
problems relating to head anthropometry and facia anatomy. The fitting process has become a
crucid factor in the aviator's ability to interface with the aircraft systems. The development and
fidding of the IHADSS helmet-mounted display have expanded the role and importance of the
helmet. If hdmet-mounted displays are the design choice of future aircraft, it will be imperative to
place increased emphasis on the human factors aspects of the helmet and the display.

INTRODUCTION

The basic definition of a helmet is an armored device designed to protect the head. The use
of hemets can be traced back to the ancient Egyptians and Assyrians. These first helmets,
constructed from fabric or leather, were used to protect against clubs and lances (Ferguson, 1981).
Numerous helmet styles were introduced for use up through the 17th century. With the introduction
of firearms, hdmets and other persona armor fell into disuse. It was not until World Wer 1, with the
development of fragmentation armament, that helmets again were recognized as a necessary piece
of protective equipment. In the decades to follow, improvements in manufacturing processes,
discovery of newer and better protective and energy-absorbing materias, and extensive balistic
research have led us to the modern military helmet. While the design of the basic helmet changed
throughout history, the primary purpose of the helmet has remained that of impact protection.

The use of hemetsin aviation, and more specificaly in U.S. Army aviation, covers amuch
shorter span. U.S. Army Aviation, officidly born on June 6, 1942 viaa doctrine of ground
support/air assault, can be consdered conceived in September 1861 when the Union Army sent hot
ar baloons doft for the purpose of observation of Confederate troop movements. The first
"heavier-than-air" flight machines were delivered to the Army in August 1909.
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Based on records and preserved examples from early Army aviators, the first helmets were
fabricated from leather and fabric. Their purpose for the most part was protection from the
elements. However, it was not uncommon for some aviators to wear indudtria-style hard shelled
helmets, obvioudy for impact protection. The need for impact protection was recognized early by
aviators, aswdl as other aviaion personnel. An accident investigation of a 1913 crash involving
two U.S. Army Signad Corps pilots concluded that one of the men escgped seriousinjury dueto the
presence of his hemet, his head having received multiple high energy blows (U.S. Army Board for
Aviation Accident Research, 1962).

Even aslate as the 1950s, the Army did not have an aviator's helmet of its own. However,
many Army pilots wore hemets belonging to the other services, eg., the Navy M-4 and the Air
Force P-3. Thefirst aviator's helmet officially adopted by the U.S. Army wasthe U.S. Navy
Aircrawman's Protective Helmet (APH-5) and was first issued in October 1959. Available in three
szes, individud fit was accomplished by means of a set of six different replacesble sponge rubber
pads. The hedmets possessed adjustable earcups and a single visor housing. The only modification
required for Army use was the replacement of the electronics jack-plug. The APH-5 had aweight of
between 3-4 pounds.

In the late 1960s, an Army developed helmet, the Aircrewman's Fragmentation Helmet
(AFH-1) saw brief use during the Vietnam conflict. It was overwhemingly rejected by the pilot
community. The smdl-szed version weighed dightly over 3 pounds; the extra-large sized weighed
over 5 pounds and literally was as large as a hadf-bushd basket. It was not until 1970 that the Army
findly introduced the current Army aviation helmet, the Sound Protective Helmet (SPH-4), an
improved version of the U.S. Navy SPH-3.

In retrospect, we can see that from 1861 to the 1970s, the role of the helmet in aviation
expanded to include additiond protection for hearing and to serve as a vehicle for communication
accesories, eg., microphone and earphones. Even further expansion of the role of hdmetsin
aviaion occurred in 1971 when the. Department of the Army adopted night vison devices for use
in aviation. These devices, desgned to enhance the aviator's capability to operate during periods of
Low illumination, were mounted on the helmet via strgps. Since then, the Army's doctrine of being
ableto carry out missonsin total darkness and under dl weather conditions has resulted in the
research and development of more advanced hdmet-mounted night vison systems. These systems
are designed to present flight imagery and information. There isamilitary need to provide the pilot
with atremendous array of flight data. The helmet-mounted display (HMD) provides a method of
presenting this data without worsening the problems of an dready crowded cockpit. The most
prominent example of this effort isfound in the U.S. Army's Advanced Attack Helicopter (AH-64),
fidded in 1985. In thisarcraft, a new helmet concept was used which dramaticdly dtered the role
of the hdmet. This new hemet system is known as the Integrated Helmet and Display Sighting
System (IHADSS).
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THE INTEGRATED HELMET AND DISPLAY SIGHTING SYSTEM

The IHADSS was devel oped specificdly for the AH-64 attack helicopter. This system is
designed around a helmet referred to as the Integrated Helmet Unit (IHU), see Figure 1. Along with
various eectronic boxes, the following components are included: visors (clear and tinted), visor
housing, monocular optica reay unit (known as the Hemet Display Unit (HDU)), miniature
cathode-ray-tube (CRT), and communication and video cables. The function of the hemet-mounted
display components of the IHADSS isto provide night vison information to the pilot for the
purpose of nap-of-the-earth (NOE) pilotage, target acquisition and identification, weapons aming,
and to provide daytime symbology (Walker, 1980).

In the basic operation of the IHADSS, an dectronic image of the external scene, formed by
atherma imaging sensor mounted on the nose of the aircraft, is converted into alight image on the
face of the CRT. Thisimage isrelayed opticdly through the HDU and reflected off a beamsplitter,
aso known as acombiner, into the pilot's eye. Therefore, it is through the HDU that the pilot
receives his primary visud datato fly the aircraft. Infrared detectors mounted in the IHU dlow the
arcraft'simaging sensor to be daved to the pilot's head movements. Aircraft parameter symbology,
aong with the sensor video, is presented to the pilot by means of the HDU. In addition, target
acquisition and wegpons information aso can be displayed. The display system is designed so the
image of the 30 degree vertica by 40 degree horizontd fied-of-view (FOV) of the Sensor subtends
a30- by 40-degree field at the pilot's eye. This provides an imaging system of unity magnification.
Thisfield-of-view is controlled by the pilot's line-of-sight and has afield of regard of +/-90 degrees
in azimuth and +40 to -70 degreesin elevation.

The IHU is custom fitted with pads to provide a stable platform for the HDU. The display
has a 10 mm exit pupil in order to provide for some eye position tolerance,

The IHADSS represents a tremendous trangition in helmet sophistication. The IHU in the
IHADSS plays a crucid role of linking the pilot and the aircraft. Aviator performance and safety
are dependent highly on the transfer of the sensor information to the eye through the HDU. With the
advent of the IHADSS helmet, Army aviation has moved from an era of the "dap-on, cinch-up”
helmet to one where the helmet is a precision-tuned piece of equipment, requiring specia
consderations and care. The purpose of this helmet extends beyond that of protection, to include
providing a platform for presentation of flight imagery and wegpons ddivery information.

ISSUES AND CONCERNS: PAST AND PRESENT

Serious interest in helmet-mounted displays began in the 1960s. One of thefirst reviews of
HMD issues and problems was conducted by Miller in 1969. Potentia problems included:
switching from a daylight system to a night system, retind rivalry, reflections, weight, and pilot
acceptance. In 1973, a follow-up overview of known and potential HMD problems was conducted
by Hughes et d. In their report, retind rivary remained the mgor issue with brightness digparity,
center-of-gravity, fidld-of-view, exit pupil, and eye dominance added to the list. It was againg this
background that the U.S. Army began the IHADSS program for the AH-64 attack helicopter in the
late 1970s.
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Honeywdll, Inc., the developer of the IHADSS, identified two technical areas of concern
during the early design phase (Waker, Verona, and Brindle, 1980). The first involved the
mechanics and human factors of interfacing the HDU and the aviator. The second concern wasthe
quality of theimagery to be presented on the display.

For optimum transfer of information from the HDU to the pilot, efforts had to be directed
towards problems associated with placing the collimated image in the user's eye with good
registration, stability, and user acceptance. Such factors as weight, center of gravity (CG), exit
pupil, field-of-view, and vibration had to be solved.

Equdly important to optimize the trandfer of information was the quaity of theimage
presented on the HDU. Problems associated with providing sufficiently high brightness and contrast
had to be addressed. Besides the need to achieve high optica transfer functions for the relay optics,
the design of output characterigtics of the CRT was criticd.

The production IHADSS helmet advances greetly the role of aviaion helmets. In addition to
providing the traditiona impact and acoustica protection and communication cagpability, it serves
as aplaform for the presentation of night vison imagery, day/night flight symbology, and weapons
ddivery information. All thisis accomplished in a4-pound (head-supported weight) helmet.
However, despite this engineering feet, the fidlding of the IHADSS helmet was an educationd
experience for the Army and the helmet-mounted display community. Many old problems have
been solved, some only to ardative extent, and many new problems have been identified.

The following discussions address mgjor aspects of the design, development, and fielding of
the IHADSS which have impacted and will continue to impact future aviation hdmet designs.

Weight

The effects of placing additiona weight on the aviator's head generaly can be grouped into
two areas. fatigue and crash dynamics. Very little research has been done to document the fatigue
factor associated with increased head-supported weight. The brief experience with the AFH-1
during the late 1960s reveded that aweight of over 5 pounds is not user acceptable. One study,
conducted in 1968 by the U. S. Army Human Engineering Laboratory, found that a total head-
supported weight in excess of 5.3 pounds (2.4 kg) degraded the performance of complex sighting
tasks. This degradation manifested itsdf in dower head mations, most likely the result of muscle
grain. Fatigue in the head and neck muscles can dow reaction times associated with movements of
these muscle groups. In Situations where the primary pilotage imagery input is controlled by head
movement, this dowed reaction time could create a dangerous condition and aso may contribute to
decreased maneuvering accuracy. In addition, the resulting fatigue may create alethargic attitude.
However, the quantitative relationship between weight and performance degradation has not been
documented.

The effect of increased head-supported weight in crash dynamicsis a direct result of the
additiona mass. For the 50th-percentile male, the head and neck weight is 11.7 pounds (5.3 kg). In
the worst case for current HMD configurations, an additiona 6.7 pounds (3.0 kg) (for AN/PVS5
NV G with 1.4 Ib counterweight on SPH-4 helmet) resultsin a57 percent increase in head-
supported weight and accompanying G-force in acrash. Thisincreased G-loading further will
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contribute to head and neck muscle fatigue during maneuvers of low to moderate accelerations (<
5G). However, of most concern is the additional amount of G-force which will act during crashes,
even though al current HMDs are designed to break away at specific G-levels.

The IHADSS has a head-supported weight of 4.0 pounds (1.8 kg) for the large-size helmet
and 4.1 pounds (1.9 kg) for the extra-large. When compared to the typica 6.7 pounds (3.0 kg) for
the AN/PV S5 (with counterweight), these vaues represent a significant reduction in weight.
Interviews with AH-64 pilots seem to indicate that aweight of 4.0 pounds (1.8 kg) is user
acceptable.

While current data does not provide a definitive maximum weight limit, and operationd
tradeoffs to ensure mission success must be recognized, common sense should dictate that minimd
weight must be agod in hemet design. Current guidance for future helmets Sates thet the basic
helmet structure should not exceed 2.85 pounds (1.3 kg) and that the typica operationa weight
should not exceed 4.0 pounds (1.8 kg). It will be difficult for future desgnsto move from a
monocular to biocular or binocular display and still meet the weight guiddines.

Center of gravity

Until helmet-mounted displays and other components were required to be placed on the
helmet, the helmets essentialy were balanced on the head producing relatively high stability aslong
as proper fit was achieved. With the presence of the HMDs, there is a resultant shift in the CG of
the hemet system. The center of gravity for the IHADSS large hemet (with display in position) lies
forward and to the right of the head/neck CG (0.8 inches (2.0 cm) forward, 0.75 inches (1.9 cm) to
theright, and 1.06 inches (2.7 cm) upward).

Sinceit isthe torque (product of the hemet weight and the lever arm formed by the
displaced CG) which produces the resulting muscle strain and fatigue, the hemet weight and CG
must be considered together. However, pilots have demonsirated by the addition of counterweights
that CG shifts are less tolerable than increased weight. This places the typica head-supported
weight for the SPH-4 helmet with night vision goggles and maximum counterweight & 6.7 pounds
(3.0kg).

Unfortunately, data to define limitsin CG shifts have been contradictory. Current thinking
depicts verticd CG shift as more acceptable than forward and latera shifts.

Anthropometry and fit

In order to perform al necessary flight procedures from information presented on the
helmet-mounted display, it is crucid that the helmet platform be stable and provide a congstent fit
from flight to flight. Helmets incorporating HM Ds require more attention to the quality of fit.
Lessons learned from establishing afitting program for the IHADSS will be instrumentd in the
successful fielding of future systems.

Problems encountered in the fitting program fal in two broad categories. anthropometry and
fitting skills. The stability required to acquire and maintain the optical interface between the pilot's
eye and the display optics requiresindividua shaping of the helmet interior to the pilot's head
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anatomy. The procedures necessary to accomplish this require a trained fitter, specia tools and
devices, and properly orientated pilots.

The head and facid anatomy of the pilot were discovered to be crucid to the ability to
provide a proper, stable fit and display interface (Rash et d., 1987). Not only were there problems
associated with one or more extreme head dimensions, but there were additiona problems related to
head abnormdlities, e.g., one ear lower than the other, Tapering forehead, bulges, etc. All of these
variaionsincreased the detailed attention required to provide a comfortable and stable fit.

Facial anatomy features, such as a protruding cheekbone or deeply set eyes, can affect the
use of the display by preventing the positioning of the display’s exit pupil close enough to the pilot's
eye. This problem results in a decreased fidd-of-view amilar to the "knothole effect.”

It will be necessary for future helmet designs to attempt to reduce the impact of head and
facid anatomy on the time and effort needed to achieve a stable fit. The need to quickly and easlly
provide a hdmet interior which will comfortably ensure a contoured fit must be met. Congderable
progress aready has been made with the development of the Thermoplagtic Liner (TPL).

The mogt important lesson learned from the establishment of the fitting program is the
importance of the role of the hemet fitter. Aswith most tasks, thefitting of the IHADSS helmet
requires some minimum skill levels on the part of the individua performing the task. Because of
the sophigtication of this hdmet, the characteristics of a"qudified” fitter preclude the often adopted
philosophy of listing thefitting task as "other duties as assigned.” The experience with IHADSS has
made it apparent that the designated fitter must possess reasonable technica and mechanical ills.
These are required to perform the necessary adjustments and modifications to obtain a proper fit.

Along with ability, the fitter requires consderable training in order to perform the numerous
tasksinvolved in the fitting process. The IHADSS fitting procedure conssts of eight basic steps.
head measurement, data recording and documentation, pilot education, contouring of suspension
assembly and earcups, helmet reassembly, HDU optica dignment and field-of-view measuremernt,
boresight verification, and visor trimming. The totd time to complete afitting typicaly is 2 hours.
The use of aweb suspension system over the ding suspension of the SPH-4 contributes to this
consderably longer fitting time. However, the web suspension provides much greater Sability.

Perhaps the most important step in the fitting procedure is the education of the pilot

concerning the importance of the opticd aignment to his performance in the aircraft. This requires
more than aminimum level of communication skill on the part of the fitter.

An evduation of the IHADSS fitting program was conducted after the first year of fielding
of the AH-64 (Rash et d., 1987). Critica points required to establish and maintain a successful
fitting program for helmets utilizing hemet-mounted diplays were identified. They indude the
following: (a) designate the fitting task as a primary responsbility of thefitter, (b) provide aforma
training program, (c) place command emphass on the importance of aqudlity fit, (d) provide
aufficient number of fitters and fitting equipment kits, (€) provide aviators with brientation to
helmet prior to fitting session, (f) utilize actud display unit during dignment and fidd-of-view
verification, and (g) establish acentra facility for fitting control.
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Fidd-of-view, exit pupil and eye relief

The IHADSS was designed to provide a 30-degree vertical by 40-degree horizonta field-of-
view. It has a 10 mm exit pupil vignetted 20 percent at full field. The eye rdief from the center of
the beamsplitter is 33 mm. The three parameters of FOV, exit pupil, and eye rdief are
interdependent for a given optica system. Increasing available eye rdlief decreases the potentia
FOV. Likewise, increasing the exit pupil dso will decrease FOV. For the IHADSS design, FOV
was maximized & the expense of eye rdief and exit pupil Sze.

Eyerdief isimportant in providing compatibility with spectacles and chemica protective
masks. The standard configuration for wearing the IHADSS requires the barrdl of the HDU to rest
againg the cheek. The placement of any additiona device between the eye and the HDU forcesthe
HDU out from the eye, adversely affecting the available FOV. In the case of the IRADSS, the 33
mm optica eye rdief, as measured from the beamsplitter, is decreased by the physical presence of
the barrel of the HDU. The resulting "physcd” eyerelief disance is effectively zero. This distance
is compromised further by facia features for some pilots. Indeed, some AH-64 pilots are unable to
achieve the 30 x 40 fied-of-view due to decreased physicd eye rdief resulting from protruding
cheekbones or deeply set eyes. Theintroduction of the M-43 chemica protective mask (Figure 2),
designed specificaly for the IRADSS, has been found to reduce the FOV aong a given meridian by
approximately 12 percent (Rash and Martin, 1987). Future optica designs must provide adequate
"physcd" eyerdief to prevent mgor compatibility problems.

In order to view the imagery, the pilot must be able to maintain the entrance pupil of his eye
in the exit pupil of the sysem. Thistask is made more difficult by arcraft vibration, helmet
misdignment, and head and eye movements. Proper Sizing of the exit pupil alows eye excursons
without noticegble vignetting (dimming) of the display. Without these complications, the 10 mm
exit pupil for the IHADSS would be adequate. However, in practice, the current exit pupil Sze has
been aminor problem. If exit pupil Szeisto be sacrificed for field-of-view and eye rdlief, the
gability of the helmet takes on even greater importance.

Feld-of-view was a dominating design parameter for the IHADSS. The sensor used to
provide theinput sgna hasaFOV of 30 x 40 degrees. It is desrable for the display imagery to
subtend angles at the eye equa to the FOV of the sensor, thereby providing a one-to-one
relationship with the outsde scene.

The question of how large a field-of-view a he met-mounted display must provide il is
unresolved. One complication isthat FOV and an equdly important parameter, resolution, are
inversdly related. Therefore, the question redlly is, "What tradeoff of FOV and resolution is
acceptable?" Factors which influence the answer to this question include anticipated missons,
arspeed, spatia and/or thermd characterigtics of terrain, atitude, workload, environmenta
conditions, and sensor characteristics. More often than not, the desired ranges for these factors are
more wighful thinking than redism.
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Monocular imagery presentation

The IHADSS isamonocular display system, the display imagery being presented to asingle
eye. Thisinformation presentation method is contrary to our normal visuad system and to our
experience with night vison goggles, both of which are binocular. A third possible choice of
presentation is biocular, where the same imagery from a common sensor is presented to both eyes.

The question of amonocular versus a binocular/biocular display for the IHADSS was
addressed during the early stages of the AH-64 program. Based on technology and the various
trade-offs, a decison for amonocular display was made. The main advantages of a monocular
HMD are: weight savings, reduction in dignment adjustment hardware, less cog, less display
controls, and smplified emergency egress procedures. The disadvantages are: retind rivary, lack
of redundancy, and dight decrease in visua resolution, contrast, and field-of-view sengtivity
(McLean and Smith, 1987).

The decison for amonocular HMD design faced two mgjor problem aress: eye dominance
and retind rivary. Eye dominance is the preference to use one eye over the other during certain
visud tasks. Retind rivary manifestsitsdf in the inability to sdectively switch attention back and
forth between two different imagery inputs being presented to separate eyes. The eye dominance
problem could have influence on the structure of the helmet, training, and perhaps pilot selection. A
presence of retina rivalry to asgnificant degree could have precluded totaly a monocular HMD
design.

From an engineering position the IHADSS Helmet Display Unit could have been placed on
ether sde of the hadmet, making eye dominance amoot point. However, throughout the program,
weight was amgor concern, and being able to redtrict the mounting of the HDU to asingle Sde
would save precious grams. Although numerous tests exist for measuring eye dominance, a sudy
conducted by McLean in 1983 failed to show good correlation between the results of thesetests. In
his study, 16 individuals, selected as potential AH-64 pilots, were measured for eye dominance
using 8 different tests and tracked during their training period. In addition to the lack of correlation
of results between tests, the small sample size and uncontrollable factors associated with AH-64
training precluded finding any vaid correlation between eye dominance and time required by the
subjects to qualify with the IHADSS.

Inthe IHADSS, theright eye is presented with the imagery from the helmet-mounted
display's CRT. The left eye is presented with the naked eye imagery of the internal cockpit and/or
externd environment, in retind rivary both scenes may be seen, but usualy one scene will be
totaly or partialy suppressed, while the other scene dominates. Which image is suppressed
depends on parameter values associated with the two disparate scenes. These parameters include
luminance, motion, scene complexity, focd plane differences, and interocular threshold differences.

At night, the pilot wishesto be atentive of the CRT imagery, since this provides the thermd
imaging sensor pilotage input. On dark nights, use of the left eyeis limited to some internal cockpit
viewing of ingruments and atention to bright lights outside the cockpit. However, on nights of high
lunar illumination, pilots tend to rely equaly on imagery from both eyes to perform dose quarters
maneuvers. In the daytime, pilotage is accomplished by the unaided |eft eye, but the HDU is often
used to provide heads-up symbology. Therefore, at night, with the high luminance, complex
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imagery provided to the right eye through the HDU, problems associated with retind rivary are a
function of externd illumination. However, in daytime, when the pilot may congstently switch
between the externa scene and the symbology, this phenomenon may be present. AH-64 pilots
have reportedly developed unique techniques for overcoming any switching problems which occur.

Briefings held with AH-64 ingructor pilots seem to indicate thet retind rivalry isnot a
magor problem for experienced AH-64 IHADSS pilots. However, it iswell known that learning to
fly the monocular IHADSS is a demanding visud task. AH-64 student pilots demondrate a
considerable range in number of training hours required to acquire competency with the system.
This spread may, or may not, be associated with the use of the monocular display. In practice, once
the system is mastered, most AH-64 pilots voice a preference for future hemet-mounted displaysto
be monocular. However, this preference probably is based on the desire not to give up the ability to
view interna cockpit instruments with the display in place rather than an actud preference of
monocular over binocular displays. Future HMD designs currently are planned to be binocular or
biocular.

Fidd maintenance

Because the hdmet now is packed with e ectronics and serves as a platform for an opticaly
aigned display and wesgpons system, it must be handled and maintained in a more controlled
manner. Obvioudy, the hemet, being a piece of military equipment and intended for usein a
hostile environment, must not be so ddlicate that it will become inoperable with norma wear and
tear. However, sophisticated equipment does require more careful handling which can be achieved
only through pilot education. One problem is storage of the hemet systerm when not in use.
Automobile trunks and household closets will no longer serve as acceptable storage for the newer
helmets.

A forma fidld maintenance program is essentia for the fidding of sophidticated hemets.
Periodic checks of critical components and alignments are required to prevent performance
degradations. Maintenance personne should be the same personnd trained in the fittingof the
helmet, since the maintenance of a proper fit isitsaf crucid to performance.

User acceptance

Regrettably, user acceptance has defeated some of the best designed components. If the user
fals to use the designed properly, or not & dl, its functions may be degraded, or even made usdess.
User acceptance depends on several major areas. appearance, purpose, and comfort.

Utilization based on appearance has no logica place on the battlefield. However, snce most
equipment currently sees more training time than combat time, image perception often overcomes
common sense. The IHADSS hedmet has a somewhat bulky appearance, but this has not been a
factor inits acceptance. Thisis because wearing the helmet is an operationd requirement for
interfacing with the communications, pilotage imaging, and wegpons ddivery systems of the AH-

64.

The question of comfort isan individua decison. Thresholds for discomfort and pain vary
greetly. Inability to provide a comfortable helmet fit will affect negatively a pilot's performance.
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With the IHADSS hdmet, comfort depends on a properly-sized hemet, achievement of stability,
and equalization of pressure a dl contact points.

The IHADSS hdmet, required to fit 1st through 99th mae percentiles, initidly was built to
anthropometry data gathered in 1970 (U.S. Army Natick Laboratories, 1971). During acceptance
testing, complaints arose concerning extremdy tight helmet fits. Consequently, a survey of 500
U.S. Army aviators was conducted and it was determined that head dimensions had increased
sgnificantly during the decade of the AH-64 development. This Szing problem was compounded
further by the decision to use an under-the-helmet chemical protective mask. As aresult, aprogram
to develop an extra-large sized helmet was established in 1985, and the size problem was solved
when the firg extrarlarge helmets were fidded in early 1987.

Of the 2 hours required to custom fit the IHADSS helmet, the grestest amount of timeis
dedicated to contouring the helmet's interior. The comfort of the fit depends on the fitter's ability to
achieve an equd distribution of pressure over the areaof contact. Even after this somewhat lengthy
fitting period, adjustments are required later to compensate for "wear in." Unfortunately, many
pilots attempt to make sdf-adjusments. This often resultsin an ill-fitting and uncomfortable
helmet.

One other comfort problem encountered and corrected early during the IHADSS fidlding
was the positioning of the chingtrgp component of the retention system. The designed method of
attaching the chingrgp to the helmet exerted excessive force rearward in the neck region of the
"Adam's gpple.” Thiswas corrected by repositioning the rear and front yoke straps.

FUTURE AVIATION HELMET DESIGN

Presently, two aviation hdmet development programs are being pursued by the U.S. Army.
They are the Aircrew Integrated Helmet System (AIHS) program and the Helmet Integrated Display
Sighting System (HIDSS) program. The helmet being developed under the ATHS program is known
as Head Gear Unit-56/P (HGU-56/P). The HIDSS program isin support of the Light Helicopter
Experimentd (LHX) program.

Aircrew Integrated Helmet System (AIHS)

The HGU-56/P helmet has arisen from the recognized need for an aircrew helmet which can
provide nuclear, biological, chemica (NBC), and directed energy protection and be compatible
fully with displays and life support devices. Continuing advances in fire contral, display, and
armament technologies, coupled with dynamic requirements for NBC and directed energy thrests,
have resulted in aneed for alarge number of helmet configurations. To address the needs of the
future integrated bettlefidd, but without a proliferation of helmets, the AIHS helmet has been
developed (Aviaion Life Support Equipment Product Manager, 1987). This system will replace the
current sandard aviator's helmet and will be utilized in dl U.S. Army rotary-wing aircraft, with the
exception of the AH-64. Its projected fielding is scheduled for 1992.

The primary functions of the AIHS are to provide head, acoustic, eye, and respiratory
protection. By adopting a modular approach, various system configurations will provide these and
other pecific capabilities. These include: advanced fire control sighting systems, pilot night vison
systems, NBC protection, directed energy protection, and nuclear flash protection.
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The AIHS isrequired to provide equd or greater levels of impact and acoustical protection
and more capabilities when compared to the IHADSS. With its modular approach, these will be
accomplished with decreased head-supported weights. The display to be used on the AIHS helmet
will be the advanced versgon of the IHADSS hemet display unit. This"advanced HDU" provides
an improved physcd eye rdief which will asss in overcoming the negative impact on fied-of-
view resulting from differencesin facid anatomy and compatibility with NBC masks, corrective
lenses, etc.

Helmet Integrated Display Sighting System (HIDSS)

The LHX program was initiated to replace the U.S. Army's current, but aging, helicopter
fleet. While i1l initsinitid planning phase, current plans cdl for a combination scout/attack
arcraft. A mgor effort under this plan isarisk reduction program, the purpose of whichisto
demongtrate the advanced technology needed to accomplish the stated requirements for this future
helicopter concept. One part of the risk reduction program addresses the development of an
advanced design hemet-mounted display, the HIDSS.

For the proposed LHX helmet-mounted display, the IHADSS requirements have been
modified to provide increased performance and capabilities. The expanded requirements include a
larger field-of-view (initialy 2400 square degrees, currently 1800), binocular presentation, and
laser and flashblindness protection; al of which are to be accomplished within a 4.0 pound head-
supported weight limit.

Currently, two teams of contractors are participating in parald investigations of advanced
HMD systems. The mgor god for these investigations is the vaidation of the technologies needed
to develop awide field-of-view binocular/biocular integrated helmet system which will also meset
the drict protection requirements and be within the established weight condtraint. At least adecade
or more away from fidding, this aircraft will most likely represent another tremendous advance in
helmet-mounted display systems.

SUMMARY

Aviation has placed a tremendous demand on the basic hdmet. Its origina purpose of
weather and impact protection now is greatly expanded to include serving as a platform for a
communication system and for displays and wegpons ddivery systems. After a decade of
development and 3 years of fidding, the IHADSS, as the first production integrated helmet-
mounted display, has demongtrated the capabilities of HMDs. Knowledge gained from this system
sarves as a basdine for the development of future HMDs, e.g., AIHS (HGU-56/P) and LHX. This
knowledge is applicable to fixed-, as wdll as rotary-wing aircraft. However, the design of the HMD
is highly dependent on the mission and must be tailored to meet the information requirements of the
pilot.
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Figure 1. TheIntegrated Helmet and Display Sighting System (IHADSS) helmet.
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Figure 2. The M-43 chemica protective mask



