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Abstract

Night vision devices (NVDs) mitigate risks in lowsibility operations through image intensificatiam infrared

imaging. However, NVDs create new risks, includiedpost of human factors problems. The operatiomigiit

vision equipment has been associated with sevéifaereht forms of spatial disorientation. The follmg pages
describe how this disorientation exacerbates tkarda created by ‘brown-out’ landings that occuewhisibility is

reduced by airborne particles, typically from hefiter downwash. This paper provides a high-lewakre of night

vision operations and previous 'brown out’ accideAt companion paper also submitted to this conferdocuses
on a detailed case study leading to the loss ofy@RAIr Force Puma on operational duty in IraqgidgmNovember
2007. These two papers show that there is an urgett to go beyond existing military Boards of lingif we are

to protect the safety of military personnel. We treitend the scope of operational studies acras®Jth and UK
armed forced to ensure that we learn the lessangdad by the growing number of similar accidemthjch stem
from complex interactions between new technology amange of environmental hazards, including loaitlimited

to ‘brown out’ and ‘white out’ conditions.

Introduction

It is difficult to underestimate the impact that@ents have upon military organizations. In 0895 members of
the UK Armed Forces were killed in ‘mishaps’ (50%adl deaths). During the same period, 33 regoiditary
personnel were Killed in action and 14 died of warsias a result of deployment in Iraq or Afghanig@sfo of all
deaths) (Ref. 1). The financial consequenced@sd adverse events are also important given thedaforces
must stretch finite resources between many diftecenflicts. In the last three decades US Armyafus have
been involved in almost 400,000 accidents costingxicess of $4 billion, (unadjusted for inflatiorfhese figures
have prompted a succession of safety initiativessscthe US Department of Defense. Table 1 shamsthese
programmes have gradually helped to reduce thénataber of Class A to C Army Aviation mishaps fr@86 in
2006, to 201 in 2007 and 191 in 26084owever, progress has not been as rapid, onigmm, as many would like.
Expressed as an accident rate there were 7.588 Bl&s C flight accidents per 100,000 hours in 200@is had
risen to 10.357 in 2007 but fell again to 7.632008 (Ref. 2).

It is also important to remember that there is fidueal risk in many combat and training activittat create the
potential for accidents; where young people arécally asked to make critical decisions in shortigas of time
with limited information. These complexities dotnarise in many civil environments and hence it dsn
particularly difficult to sustain reductions in thmilitary accident rate (Ref. 3). Most accidente aaused by
interactions between multiple causes and contrigutactors. They stem from problems that lie uedttd for
months or years, including flaws in the designafipment, Standard Operating Procedures (SOPsamtenance
procedures. These longer term ‘latent’ issues @oenlith ‘catalytic’ events that trigger particulaccidents, such
as human error or component failures. They arenoftompounded by operational demands, including
meteorological conditions, mission requirements Agdenemy action.  This paper focuses on thednt®ns
between technology and the environment that poseaeasing risk in many parts of the globe. Imtipalar, we

! Class A mishaps cost $1,000,000 or more and/omudzi&in of an Army aircraft, missile or spacecraftd/or fatality or
permanent total disability. Class B incidents imeoldamage costs of $200,000 or more, but less $#1ad00,000 and/or
permanent partial disability and/or three or moemple are hospitalized as inpatients. Class C émtid are slightly more
complex as the categorization changed in 1992r Roithat date they were defined to incur damaggscof $10,000 or more,
but less than $200,000 and/or non-fatal injury lteggin loss of time from work beyond day/shift eminjury occurred and/or
non-fatal illness/disability causes loss of timenfrwork. After 1992 this was revised to be damaggscof $20,000 or more, but
less than $200,000 and/or non-fatal injury resgltimloss of time from work beyond day/shift whejury occurred and/or non-
fatal illness/disability causes loss of time frorriu



consider the ways in which the operational limiai of night vision technology can be exacerbateding the
brownout conditions that occur when visibility educed by airborne particles, typically from hetiter downwash.

Table 1---- US Army Aviation Accidents (2006-2008)

Total Aviation Accidents (Flight, Flight-Relatedy@ind & UAS)
Number of Accidents
Accident Categot FY 200¢ FY 2007 FY 200¢ 3-Yr Avg
Aviation Class # 26 34 27 29
Aviation Class | 31 32 61 41
Aviation Class C 134 135 148 139
Total Aviation (Class A-C) 191 201 236 209

The Role of Night Vision Devices in Military Aviaih Accidents

Night vision devices mitigate the risks associatétth operations in low levels of visibility by heigg personnel to
maximize their visual resources. Night vision degi also create new risks including a host of hufaators
problems that are implicated in a growing numbemdftary accident reports (Ref. 4). The use afhtivision
equipment can impair situation awareness (Ref. Bhe prolonged operation of these devices can ials®ase
levels of fatigue. Studies of aviation acciderdasénidentified the spatial disorientation that barcaused by the use
of night vision devices in helicopter operation{F5). Problems with depth perception and oriémtatvere found
to predispose aircrew to mishaps involving nigldeal flight. Three independent assessors read threagh of the
incident reports in the A to C categories in ortteidentify those that involved some form of spladisorientation.
These were then subject to a further analysis Wead intended to identify ‘associated factors’ apdssible
countermeasures’. They found that approximateBt 43 all spatial disorientation mishaps occurredrauflights
that used night vision equipment. Only 13% of aenid that did not involve spatial disorientatiomalved these
devices. An examination of the spatial disorieptataccident rates per 100,000 flying hours revealsifnificant
difference between the rate for day flying and tate for flight using night vision devices. Theam rate for
daytime flight was 1.66, while the mean rate faght with night vision devices was 9.00. They cloded that the
use of night vision devices increased the risk gihatial disorientation accident by almost fivedsn

It can be difficult to identify the impact of NVDperation from statistical studies, such as thossl@bove. These
devices tend to be used under adverse meteorol@gidaenvironmental conditions when accidents aseentikely
to occur. For instance, approximately half ofadtidents involving the US Army’s Black Hawk heliter fleet
have occurred while pilots were wearing night visibevices. However, this does not imply that thiesaents
were caused by the night vision devices. Many maoédentsnighthave occurred if aircrews had not been wearing
these devices.

Overview of Night Vision Technology

There are two main classes of night vision devit@sge intensification (12) systems enhance thhtilig that is
available within the existing environment. Infrarl®) devices, in contrast, will typically use hesnissions to
identify objects that cannot otherwise be deteatgdg available light sources.

Image Intensification Equipmenrinage intensification systems support direct okatiions by amplifying low levels
of ambient light. Most image intensification sysis perform poorly in total darkness. Higher afigation is
associated with more expensive devices and canyiimgteased levels of distortion. The intensifiedage is,
typically, viewed on a phosphor screen that createsonochrome, video-like image, on the user's iepes.
Unfortunately, a number of disadvantages affectdpplication of this technology. Most image iniéination
systems are attached to the users’ helmet. Baobels included relatively heavy battery packs teatricted the
users’ head movements. This problem was exaestday the need to move the head because many sd the
devices offer a highly restricted field of visioifhis may only be 40-60 degrees (Ref. 7). Imagensgification
equipment can also create problems in depth peoceptColor cues and binocular information are wgh many
commercial systems. All of these limitations bBeng addressed by technological innovation. Iri@aar, it is



now possible to buy light weight and extended ffldiision systems. However, these tend to beesipe and can
be difficult to maintain under field conditions.

Image intensification systems amplify availabléhtig From this it follows that, 12 systems do nairlwwell in near
total darkness. External light sources suppatube of this equipment. City lights provide ukdfumination
when cloud cover reflects available light back oatecene. However, there is a risk that personitiefixate on
distant light sources (Ref. 4). Looking at theamdnas the same effects as looking directly astimeunder daylight
lighting conditions. Flares can also provide ihdirect light that is amplified by image intensdtion systems.
However, such a strong source will adversely afféetice resolution if users look directly at thenvehicle
instrument lights and cockpit displays can creatashout” or halo effects. It is usually possibte turn-off
instrument illumination in ground vehicles. Howeyit is a complex and expensive task to altekpivdighting
systems without compromising the daytime use ofaiheraft. Night vision systems are often patticly sensitive
to the red lights that are frequently used in spe@ters and engine instruments. The anti-collifigits required
by FAA regulations can also be intensified to anpat which they dazzle the wearer of an interaifan system.

Visual acuity from night vision devices providevast improvement over human night vision. Howeweis far

from perfect. As with direct sight, higher levelsacuity are associated with closer, slower tmrgRef. 8). The
visual acuity offered by image intensification m@lgidiminishes for objects over 500 feet away. sTdlistance is
further reduced, the faster the target is moving.number of environmental factors can also redheeacuity of
image intensification systems. In addition to bmosuts, performance is also affected by rain, cioumlist, dust,
smoke and fog. All of these factors imply thapesience and recurrent training must be providggeisonnel are
to operate image intensification systems. Rigessments should also consider the problems thaarise, for
example if external lights are likely to create tHeep shadows that hide hazards or if the usersnafie

intensification systems are momentarily dazzleater light sources.

Infrared and Thermal Imaging Systeniather than enhance light that is visible to thendw eye, thermal imaging
systems detect infrared radiation that is emittgchéat sources. These devices use transducergetct deermal
emissions that can then be focussed in the sameasvagnventional light. The difference in tempemtamongst
the objects in a scene is translated into a visoatrast represented by different shades on aajispinfrared
systems can, therefore, be used in total darknEssy tend to be robust against the light ‘pollntithat will dazzle
users of image intensification systems. Infratedices can also be used to ‘see through’ some typfog because
they do not rely on visible light.

The sensitivity of thermal imaging systems is meagun terms of degrees Celsius per optieahmber. In other
words, it provides an indication of the temperattinange that would be required to provoke a chamgfge image.

These differences are typically in the region @500.2 degrees Celsius. The resolution or shagisemeasured in
terms of the instantaneous field of view (IFOV)nnlliradians (mrad). 17.5 milliradians is equaldn angle of 1

degree in the instantaneous field of view. The lotlie IFOV value is then the sharper the imagethadonger the

range will be. However, as the magnification of thermal sensor increases, the field of view desmgaOperators
must use scanning techniques to compensate folirtiiiation. Without well developed methods, #rcbe easy for
users to overlook areas in a scene. As with inratgesification systems, individuals can quicklcbme fatigued
by the prolonged scanning that is required to nfaried systems in combat conditions (Ref. 9)

Infrared landing lights are invisible to the nalee but for can provide useful beacons to aircnesiisg these night
vision systems. Infrared searchlights can be teepick out objects that could not otherwise beeditd using
visible light. However, these sources can helprgngersonnel if they are also using night visionipment. There
are further human factors limitations. Users temtimit their attention to the area directly cos@ by a searchlight.
They must be trained to expand their scanning pestten either side of the beam. There are fudihgtations.
High-humidity reduces the thermal contrast thatrngplified by infrared systems. Rain and surfacteman runways
can create optical illusions; they often appeabadurther away as the surfaces cool. Infrareiesys cannot be
used to identify precise details on remote objdwds are not distinguishable by different heat igef Brown-out
can also occur when there are reflections fromnfiraried searchlight caused by the dust that isdais a rotor
wash.



Training with Night Vision Devices in Brownout Coitidns

The operating characteristics of existing nightorissystems make it important that individuals tewms are trained
in the operational use of these applications.aift loe difficult to master the scanning skills thieg required to avoid
the ‘washout’ and ‘halo’ effects that occur whenage intensification systems are affected by seagnlight
sources. Similarly, personnel must be trained weraeome the limited field of view provided by masfrared
applications (Ref. 10). US Army Training Circular210 ‘Aircrew Training Program Commander's Guide to
Individual and Crew Standardization’ summarizesntrggy and familiarization requirements for the usenight
vision equipment (Ref. 11). Prior to their fitstining flight with night vision, aviators mustespd more than an
hour in the cockpit of a static simulator or aifcr familiarize themselves with a list of basesks including
emergency procedures, night vision failure andliamdb cockpit drill.  They must then undergo teauns further
training including: An Introduction to Night VisioBevices; Night terrain interpretation; Night Visiground and
air safety; Night tactical operations, includinge timpact of lighting; Night Vision navigation, inaling map
preparation; Aircraft modification requirements faight vision flight; Vision, depth perception, anight vision
orientation. TC 1-210 also includes requiremeatsafrcrews to conduct refresher training in the aknight vision
devices. One hour of refresher training is rezpliif a night vision flight has not been completeda particular
aircraft type within the previous 180 consecutiagsl  There is also a requirement for aviatorohduct mission
training. This involves at least ten more hourflight using night vision devices followed by athuer evaluation.

While it is possible to train personnel during parfar flight conditions, it can be far more diffiit to prepare
operators to resist the broad range of visualidhs that complicate the operation of night visiechnologies. For
instance, many devices can provide an impressi@false horizon on the boundary between lightdardt colored
areas of sand, especially when other environmedatabrs, including dust and haze, obscure the ktrgzon.

Desert conditions often also lack the visual maskand reference points that support accurate heigtueption.
Under such circumstances, ground lights can beakest for the lights of other aircraft or even stardack of

features and relatively slow speeds may also pdespdots that they have stopped moving even thdhgtaircraft

is actually travelling forward. In flat terraiauch as that found in dry lakebeds, infrared devireate the illusion
that terrain slopes upwards at the edges. Phatipuoblems are created when using the infraredcbéights to

view other helicopters that may appear to be lapdito a crater when they are landing on level gbu

Recent years have seen a move away from trainmtigidlual crewmembers to recognize the optical ilas that
affect night vision equipment. These illusions ¢ so persuasive that individuals will still faHey to them even
though they have been trained to recognize thgt¢ha occur. In contrast, greater attention keasmtly been paid

to team and crew coordination as a potential bataencidents and accidents. For instance, theAd8y Safety
Center's Southwest Asia Leaders' Safety Guide esipbs the need to synchronize crew observations and
communications in order to combat some of the @kl created by these illusions. Guidance is gealion
scanning responsibilities for pilots and non-rateelwmembers in different types of flight. Thessponsibilities
must be planned and rehearsed prior to any missidhat team members can detect and compensdtefourrent
limitations of night vision technology.

Brown-out, Rotor Wash and Military Aviation Accidisn

Training requirements, such as those presentedCi-2Z10, have improved competency to a point wheostm
military mishaps are the result of several différeausal factors. Operational demands combine evitironmental
conditions to exacerbate the problems of using déexnfechnologies; including night vision equipméRef. 12).
As we have seen, the operation of night vision mment has been associated with several differemdof spatial
disorientation. These effects are exacerbateihglar ‘brown-out’ landing or take-off when visiltifiis reduced by
airborne particles. These particles are, typicabysed from helicopter downwash in the last 2@B@ofeet of an
approach. The interaction between night visiom@gent and brown-out incidents is important beedtg/pifies a
growing number of ‘complex’ or ‘systemic’ militagccidents.

Brown-out accidents were relatively rare during @ad War; given the small number of operationsiiid desert
regions. However, the importance of these misthagssteadily increased even though brown-out antsdend to
be more ‘survivable’ than other aviation inciden{ghey, typically, occur close to the ground andoat airspeed.
The UK MoD has lost 16 helicopters in brown-outidents between 2000 and 2007. Between 2002 ang, 2108



US Army suffered 41 brown-out accidents. Approxiehg 80 percent were during landings and 20 pérdaring
takeoffs (Ref. 13). The percentage of these antsdas a proportion of all Class A mishaps rosenf@86 prior to
the invasion of Iraq to 18% during it (Ref. 14).Since 1991, the US Army has reported more thancz3@s of
aircraft damage and/or injury due to unsuccesske-bffs or landings in brown-out conditions. eason for the
importance of brown-out incidents is that they lgadspatial disorientation which exposes other dyitg
vulnerabilities. These include human factors issu@adequate training, problems in cockpit reseumanagement,
high levels of workload combine and undermine aptisnio cope with the loss of visibility during appeioach (Ref.
15). Brown-outs also expose flaws in the desigh miaintenance of airframes. For instance, mechbfailures
have been triggered by the ingestion of sand. wBfouts accelerate wear on rotor blades and geaelhas engine
components and air filters. Secondary effectsunhelthe reduction of maintenance intervals andctirsequent
increase in demands on support crews. High leMetsaintenance workload continue to be a significzause of
other military accidents.

Effects of Brown-out on Different Platformidew generations of aircraft, such as the HH-60GePiawk and the
MH-53 PaveLow, have been specifically developedupport extreme low-level operations. However,ttireats
created by ‘brown-out’ conditions are beginningctmstrain the ‘all-terrain’ landing capability thidese platforms
provide. This is particularly important because timount of debris generated in brown-out incidésmtalso
determined by the downwash characteristics of ttiemme or airframes involved in an approach. Ihstance, the
performance characteristics of the V-22 Osprey mgkarticularly susceptible to these incidentshis aircraft
relies on tilting rotors that increase the velodafythe downwash compared to other rotary wingecrait such as
the CH-46, which it was intended to replace. Hosvethe precise relationship between rotor aerawjcsg and
downwash incidents is far from simple. For insggnbe Osprey seems to be less prone to low adtitudwn-out.
In other words, the debris clears in the last feat before the tilt-rotor makes a landing. Furstady is required
to develop a comprehensive account of the downwhahacteristics of different aircraft. The Ospobgervations
are largely based on accounts from aircrew tramsitg between the V-22 and the CH-46. Accidenagabvides
more quantitative insights.  For example, the GHmMade 7% of all U.S. Army helicopter flight houdresm
February 2003 to June 2005. However, it was inlin 30% of all brown-out mishaps, 12 out of 41tdtal
between FY 2002 and 2005 (Ref. 16, 17).

Downwash directly influences the likelihood of birwut mishaps. A number of other design factofisiémce the
consequences of these incidents. For exampléAihé6D Apache has a relatively narrow stance; tihat pits in a
rear section of the cockpit while the co-pilot/gansits immediately in front. This tandem laymakes the aircraft
more susceptible to ‘roll-over’ incidents in a brewut compared to the parallel cockpit layout armhlder stance of
UH-60s. However, the Apache also provides a Faiviaroking Infra Red vision system that is beingegrated
with image enhancement systems as part of the Axead upgrades. This arguably helps the aircrewasaal the
disorientation associated with brown-out incidenitdd-60s only provide image intensification tectogy.

Training, Tactical and Procedural Countermeasureéss with night vision related accidents, many raifjt
organisations have developed Training, Tactics Bnacedures (TTPs) to reduce the likelihood of broah
mishaps. One reason for this is that the US Arag identified ‘spikes’ in the accident rates. Bmesut incidents
are more likely to occur in the early stages of batdeployment (Ref. 18). Aircrews must rely opnapared field
sites prepared — for example in forward arming refidelling laagers, combat outposts etc. Over timese sites are
upgraded with hard-standing areas using gravelcrete and polymer coverings that are less pror@daon-out.
However, aircrews cannot assume that they willllde o land on a prepared area. There is, thergéocontinuing
requirement to ensure they are proficient in thenitooing skills that are essential to maintain &iton awareness
during brown-out conditions.

Arguably one of the most effective Training, Tastand Procedures is to keep the debris behindiltités gloor by

performing a rolling landing. This helps to enstirat the crew have a clear view of the LandingeZfit?) ahead of
them. Rolling approaches are less effective ifwire changes during a landing or if the prevailimigd prevents
such an approach in the first place. There att@dulimitations. For example, ground obstaeed wires often
restrict the area available within a landing zor@ther aircraft may require additional space to endieir own
approach. They can also create debris ahead gfdtemtial LZ; obscuring the view of the rest oé tormation.
There may not be time for a prolonged rolling apgtoin medical evacuations (MEDEVAC), unscheduleglpsy

drops or rapid troop transports. These technigaesot be used in situations where enemy actionterget the



aircraft as it moves forward through the dust cloutihese factors constrain the airspeed and fateszent needed
to maintain aircraft control under brown-out coratis (Ref. 19). More acute descent and ascefitggtave been
developed to minimise the impact of brown-out. ldger, these manoeuvres create their own risksdnimg heavy
demands on the skill and proficiency of aircrews.

The US Army has also developed their TTP suppogngure that instructors from units that are beaigting out
of a combat area are then heavily involved in trgjriheir colleagues from new rotations. This wa$ always the
case. One of the reasons why brown-out incidents haven ls@eprominent in recent military accidents is hbsea
there has been a mismatch between pre-deploynaning and operations experience. Early US ratatio Iraq
were more accustomed to the dry lakebeds and sériliie National Training Centre. This left airciieunprepared
for brown-outs and a host of other operational @ows. They had relatively little experience sififting sand
dunes and the impact that extreme temperaturefaamupon night vision equipment. For instancews found
that their training manuals authorized airspeeds Were too fast to safely operate at night ovexdsdunes with
night vision equipment; “the authorized airspeedrfap of the earth flight is 40 knots, but an afcflying in zero
illumination at 25 feet in sand dunes should flgtjahead of effective transitional lift...Just keepniind that at
airspeeds below Effective Translational Lift (ETkpu may encounter rotor induced blowing sand” (R&j).

Other TTP countermeasures focus on crew resourcegeaent. There is a temptation to ‘stack the 'deitk
additional pairs of eyes during landing — for imeta by requesting input from the door gunner intlagroplatoon.
However, there is a risk that misunderstandings @hdr forms of communication failure will compra®ishared
situation awareness. The use of TTP solutioriariker limited by one of the fundamental paradogésmilitary
risk assessment (Ref. 3). In order to becomeqieot in the communication and planning techniqtned reduce
the threats created by brown-out incidents, itésessary for crews to practice these skills. Hewmelt can be
difficult to train in brown-out conditions when 8t#ard Operating Procedures (SOPs) are intendenhitoaircrew
exposure to these hazards. In the decade bethee@ulf War and Operation Enduring Freedom, the Bréy
recorded over 40 cases of brown-out accidents gidraining. Some units in the US Army have begumnemove
the cabin doors to increase visibility for the egsg during brown-out landings. Pilots and co4siloan make more
accurate direct visual observations by maximizimgjrtfield of view so that they can spot any ‘br&dh the clouds
of dust and other debris. As with the applicatanpolymer binding agents, this solution has noérbedopted
across all units. In particular, the US Air FoiicEPs have not approved the removal of cabin doecalse there
remain considerable concerns about the consequenbf protection in combat areas.

Ground-Based Countermeasurds:addition to specialised ‘brown-out’ approachfpes, US Army SOPs require
that aircrews use prepared landing zones (LZ) wiempossible. These are mostly confined to establl bases
and outposts. Prepared LZs are seldom availalflenivard operating areas or for deliberate air alésa Aircrews
must improvise landings on dirt roads, open dnasyer dusty mountain peaks (Ref. 19). The hazasdsciated
with landing on unprepared surfaces are exacerliatable difficulty of conducting detailed landinigessurveys in
hostile areas or where operational demands foteeclzanges to the location of a mission.  Inotherds, crews
often do not know whether or not they will face Wwreout conditions when they are tasked with a paldir mission.
A range of materials have been developed to retheeamount of debris that can be raised during-¢dkend
landing. The US Army have laid down polyester MMats, or ‘triscuit pads’, since the late 1990she3e are
temporary pads that can be unrolled to provideblstsurface for rotary wing operations. Howettegy are heavy
and can be unwieldy in the field. In consequerthe, US Marine Corps have experimented with lighigive
HeliMat alternatives (Ref. 20). These do not héneeload bearing characteristics of the Mobi-Matsey also wear
out under a high tempo of operations. Operatidegloyment has, therefore, revealed the need tg bath type of
synthetic surface.

‘Rhino snot’ polymers provide a further alternatizethese pre-formed surfaces and mats. Thes¢asues bind
together debris prior to any landing. In ordelafiply these polymers, ground forces must firstpemff as much
dust as possible. The area is then soaked witkrwaveled and topped with gravel. Several co&tRhino snot’
are then applied and left to harden. Eventuatly,durface breaks up to minimize longer-term emvirental effects.
However, the polymers offer a different set of &tigi problems to those created by HeliMats and Wiaité. In
order to bind surface layers, the polymers are waellyesive. This makes them difficult to handlé.clbthes are
contaminated then they, typically, must be destloy&his makes the polymers very unpopular with esahthe
units that have to apply them. The difficultyaéaning the equipment used to lay down the susfafen forces



ground units to reserve a small number of vehifdeshis purpose. This also means that the approaohot easily
be used in forward areas.

Airborne Countermeasure3he operational risks associated with brown-outlilags and take-offs have motivated
initiatives to find technological countermeasurdhe most obvious approach is to redesign rotaas rduce the
likelihood of a brown-out occurring in the firstgqole. The US 101 variant of the Augusta-Westland@®Hhas been
designed with blades that are intended to pushglelay from the fuselage. Traditional designsi tenpropel dust
towards and around the cockpit area. However, brout performance is one of several competing requents for
blade design and here can be trade-offs with effimy/power, noise etc. Aerodynamic solutions ® llazards
created by brown-out remain the subject of basearch (Ref. 21). It is unlikely that aerodynamitovations in
rotor design will provide a panacea for brown-autidents in the short term. Flight informationteyss provide an
alternative approach. For example, some MH-58sgnt a cross in the middle of the head-up displayb knots
of descent. As the pilot decelerates this crossatals towards a reference box and hence can deas®nitor
vertical velocity (Ref. 22). The Brown-out Situaial Awareness Upgrade (BSAU) extends this appro&rtical
speed and vector information is mapped using data fadar altimeters and the Global Positioningt&8ys (GPS)
on aircraft including the UH-60 and CH-47. Airecan access BSAU information using their standiead-up
displays as well as through their night vision degg The design teams first identified informatioeeded by
aircrews to mitigate the risks of brown-out acciden They then traced this required informationkb&x the
available input from sensor data. These sensatschbe sufficiently accurate to ensure that thalieation did not
increase the cognitive load on aircrews when thegduhe symbology during a brown-out. However, AiBly
studies concluded that BSAU was only an initiapst®Vhile the system proved its value during thiglanany other
approaches, good crew coordination, briefing ofagmind procedures, and power management remaiiteghlcr
tasks” (Ref. 23).

Flight systems, such as BSAU, help pilots to maniteir attitude and rate of descent into brown-laumdings.
They cannot at present be used to help aircrewisl &wain features or ground obstacles. Nighktovi equipment
can provide pilots with additional cues. They naigo reduce the impact of disorientation. Howetlegse devices
often limit aircrews’ field of view and hence mayaeerbate rather than reduce the problems of $at@eness.
The underlying technologies are also susceptiblersovn-out failures. Dust particles can completetscure the
narrow field of view provided by image intensifiat equipment, such as that installed on most Blaek aircratft.
Airborne debris reduces the temperature profiles #re augmented in infrared systems. Furtherl@nub arise
from the interaction between night vision equipmamd the hazards created by brown-out incidents. ekample,
the FLIR (Forward Looking Infra-Red) pod and infrdrcountermeasure equipment have been slung betheath
HH-60G. The location of these devices makes tharticularly vulnerable; “even the most experienpédts are
not immune from breaking FLIRs or rolling an aiftidue to a brown-out approach” (Ref. 24).

A number of research programmes are developingneeldanight vision systems to address the probleseted by
brown-out landings. These include ‘see and remenalpplications that take a series of FLIR imagésa ¢anding
zone before they are obscured by debris from thendash. Software then recreates a pseudo-3D ifcaighe
aircrew to refer to during a subsequent brown-otihe Photographic Landing Augmentation SystenHfelicopters
(PhLASH) has extended this ‘see and remember’ @gbréo image intensification systems. PhLASH camebian
electro-optical sensor and infrared strobe ligbtsatch a photograph of the ground with a coordinatthe Earth’s
surface using onboard GPS. The intention is thafptiotograph would be taken immediately beforebtfoevn-out
and hence could be ten or twenty seconds out & dating the final stages of the descent. Thiddcateate
problems is vehicles or other elements of a formmatnoved into the LZ. It can also be difficult dbtain an
accurate image of the LZ during night operationsergy the limitations of image intensification andfrared
technologies that were summarized in the openinticses of this paper (Ref. 22). This limitatiomndae addressed
through the use of radio wave sampling (Ref. 23)The Defense Advanced Research Projects AgendRHA)
Sandblaster programme provides an example of ortkeske ‘next generation’ initiatives.  This intatgs four
different technologies:

1. A radar sensor for three-dimensional scanning.Conventional radar plots provide two dimensional
overviews of a potential LZ. Phased and millimete&ave approaches can be used to build up three
dimensional representations while the radar sigmatetrate the debris that causes brown-out intdden



2. A database to store successive scans of a potéatiding zone.The results can also be compared to pre-
stored images and maps. This helps to ensurevtieriever possible the radar returns can be mapgued o
a known potion of the landing zone.

3. Synthetic vision techniques to generate a represient of the LZ for the crew based on sensor feeklba
and the pre-stored information in the databa3ée intention is that this view will restore a@w situation
awareness that would otherwise be compromiseddustcloud.

4. An ‘agile’ flight control system. The ambitious aim of this component is to endbéeshelicopter to ‘land
itself’ under low speed approaches (Ref. 22).

Much work remains to be done before sufficient afienal expertise has been gained to demonstrateetiability
of this multi-stage approach — for instance in desevironments where sandstorms continue to #ieetandscapes
that may be recorded in spatial databases. US-déice work in this area has focused on Laser Heteand
Ranging (LADAR). In contrast to millimeter wavadar based on radio pulses, LADAR uses light seui@scan a
potential landing zone. This technology has begplied in ‘near operational conditions’. Howevénere are
further technological problems. Ideally, aircrewequire high resolution images (e.g., 1280x108Kelp).
However, existing LADAR sensors have low spatiabfation (i.e., 512x512 pixels). Real-time systaats® suffer
from the same limited field of view, around 30 t0 @egrees, that affects night vision systems. Famu
requirements for brown-out countermeasures carxpeessed in terms of centimeters at rages of 10M@D ft in
real time. At present the generation of synthietizges requires additional processing that prevete resolutions
being produced in real time. These limitations hetng addressed by technologies that include eajated
LADAR imaging and fusion of the millimeter wave eadrom other areas of the Sandblaster programfneecent
Department of Defence research call also propdseéhtegration of LADAR technology with image ing#fication
and infrared night vision equipment (Ref. 25).

The US Army Safety Centre has stressed that threeslogical initiatives will not remove the neext fo train
crews to combat brown-out conditions. There iadto familiarize pilots with the strengths andalweesses of
advanced sensing systems, just as aircrews must @qiertise in the application of infrared and imag
intensification equipment. The UH-60M and the CHx4fave recently been deployed to US forces andigeov
technological support for brown-out landings. \Whihey do not provide the integrated sensing systeention
above, they do provide velocity vector, acceleratiarsor, instantaneous vertical speed indicatadar altimeter,
and heading information on a common ‘hover padpilots are not forced to piece together criticébimation from
numerous displays scattered across the cockpitveMer, the Safety Center recognizes that the wpdevision of
this technology will require “the development o$eparate aircrew training manual (ATM) task fordiaug without
visual reference for all airframes, not just specjgerations aircraft” (Ref. 18).

Combating the Interactions between Night Vision Bnown-outs

Training, Tactics and Procedures (TTPs) have beseldped to minimise the disorientation that carchase by
night vision equipment. Previous sections hage dlescribed how TTPs have been drafted to adtiredsss of
spatial awareness during brown-out landings. Tlaee strong overlaps between these Training, Tadcitd
Procedures. For example, the UH-60 requirememiside a section on Night or NVG Considerations: ¢é-
around should also be initiated if visual contaithwhe landing area is lost. Snow, Sand and Dusis@erations: If
during the approach, visual reference with the ilag@rea or obstacles is lost, initiate a go-aroanéhstrument
takeoff (ITO) as required, immediately. Be prepatedtransition to instruments. Once visual metengal
conditions are regained, continue with the go-add(Ref. 18).

Training is required because there is a positi@selto the ground where it may be more risky tengit a go-
around rather than complete the landing. Hencegargonds should be initiated well before passingweany

obstacles. However, brown-outs can occur in thefeav feet of a descent. In other words, therawanust decide
whether or not to abort the landing after they hpagssed underneath obstacles and at a time whan lte difficult

to determine whether the go-around is more rislgntthe landing. All of these factors are exacebavhen
aircrews are under fire or operating in close suppbground troops with an urgent operational nfsedir support.
The use of night vision equipment adds further dexity because it can foster a sense of over-cenfid in crews
as they approach a potential landing site. Thig teave them ill-prepared for the disorientatiorused by an
unexpected brown-out. In such circumstancest#8eArmy guidance makes it clear that the greatsks rarise



when crews have no contingency plan and so mudincenwith a landing even though they are uncertditheir
precise orientation with respect to the intended L&rcrews must train to continuously scan for awailable
outside cues and for information from their instantation during brown-out contingencies.

Simulators cannot easily be used to prepare fosfiatial disorientation that occurs when browrs@uéate sudden
on-set instrument meteorological conditions (IM&jpecially while using night vision equipment. rfbiation is a
valuable tool to aid in training aviators in thestlilanding profile, and it is getting better alettime, but it cannot
replace the feel, motion and characteristics ofrda thing” (Ref. 18). Equally, there are sigréfint hazards in
practicing under the environmental conditions fdiick aircrews are not yet fully prepared. In capusnce, visors,
helmet bags and ‘foggles’ have been developedsivicethe vision of aircrews during exercises (R2f). These
help pilots to experience some of the effects ofnpr-outs under controlled supervision. In patticua great deal
of attention has recently focused on the integnatibNight Vision Goggle Power Interrupt DevicesM@PID) into
US military TTPs. NVGPIDs help crews simulate tloss of NVG capability during brown-outs (Ref. 18)
Instructors can use the devices to induce a failurne night vision goggles during a critical phas a practice
landing. By extension, the same technique cam ladsused to replicate the impact of debris durahkg-off. The
intention is to force the pilot to make use of thetruments and symbology to complete the maneuVéere are
three additional benefits. Firstly, the NVGPID @evis relatively cheap and simple. Secondly,rutdbrs do not
always have to fail the night vision system durprgctice landings; this makes it possible to mistwme of the
uncertainty that arises when crews do not know kdrebr not a brown-out will occur. Finally, insttars can
control the level of risk that is implicit withinng brown-out drill outside the constraints of a siator. Training
officers can vary the stage of an approach or tandihen a failure is induced. They can also irdegthe NVGPID
into other operational training scenarios to mispecific approach patterns. It is far more diffi¢co preprogram
complex simulation software to reflect the speafeamands of a deployment. It is important to sireswever, that
the use of NVGPID’s is intended not simply to repte the loss of spatial cues. These deviceslthese developed
to help crews simulate the large volume of commation, coordination, and visual, instrument and sylogy
scanning that is required following a brown-out.

Conclusions and Further Work

This paper has described how Training, TacticsRmdedures (TTPs) have been used to tackle that thi&rown-
outs in night vision missions. For instance, ir@l box’ approaches have been developed to prawiedorward
trajectory necessary to move beyond an initial dlmid. However, there may not always be the spailable to
prepare such descents given the obstacles tleatriitiny operational areas. Other constraints stamthe need to
coordinate landings with ground forces and witheotaircraft. Therefore, simulators and drills hdnen used to
help prepare crews for the spatial disorientatiod the loss of situation awareness that can ansmgl these
incidents. For example, the US Army has introdiuttee Night Vision Goggle Power Interrupt DeviceM@PID)
into their aviator training programs. Instructoes use these devices to induce the failure oftnvigion equipment
to simulate debris from rotor-wash during take-affl landing.  The intention behind the NVGPIDgreo is to
help ensure aircrews “train to continuously scamd o train the ability to rapidly adjust from oigiis cues to
instruments” (Ref. 18).

The contingencies and characteristics of asymmetiifare increase the need to use night visionpagemt while at
the same time raising aircrew exposure to browneouatlitions. The pace of operations in Irag angh&histan has
increased the need for helicopter support in aveglsbeyond the reach of prepared landing zon&3hanges in
insurgent technology, including the use of remotidyonated IEDs, also encourage deployment unéecdher of
darkness (Ref. 27). Many military organizationgavenprepared for the demands created by thesatiomsd In
consequence, most have seen a rise in the frequérmpwn-out-related mishaps. This, in turn, hastivated
technological innovations, ranging from rotor agmeamics through to binding polymers, from LADAR ¢éipations
to sensor fusion techniques. However, these dneeaareas of research and much remains to be beioee they
can be deployed to support combat operations.
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