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Abstract

Night vision devices mitigate the risks associatéith operations in low levels of visibility. Theyelp
personnel to maximize visual resources through @natgensification or infrared imaging. However,
night vision devices also create new risks. Taegourage personnel to conduct operations thatdvoul
otherwise have been rejected. They also creatstaoi human factors problems that are implicated i
growing number of military accidents. In partiauléhe operation of night vision equipment has been
associated with several different forms of spatiabrientation. The following pages describe hbis
disorientation exacerbates the hazards createdotmwh-out’ landings that occur when visibility is
reduced by airborne particles, typically from hefiter downwash. The opening sections of this pape
provide a high-level review of night vision opeoats and of previous accidents related to ‘brown out
incidents. Subsequent paragraphs focus on a netadetl case study leading to the loss of a Royal A
Force Puma on operational duty in Irag during Naven2007. The closing sections of this paperergu
that there is an urgent need to go beyond Boardsoufiry. We must extend the scope of operational
studies across the US and UK armed forced to erthatenve learn the lessons provided by the loss of
this Puma and the growing number of similar acdislewhich stem from complex interactions between
new technology and a range of environmental hazandtuding but not limited to ‘brown out’ and
‘white out’ conditions.

1. Introduction

Many armed forces have begin to realize that aotsdkill more military personnel than enemy action.
In 2006, 95 members of the UK Armed Forces wetdedkiin ‘mishaps’ (50% of all deaths). During the
same period, 33 regular military personnel werkedilin action and 14 died of wounds as a result of
deployment in Irag or Afghanistan (25% of all detfDASA, 2009). The financial consequences of
these adverse events are also important; armedsfatretch finite resources between many different
conflicts. In the last three decades US Army £ofis have been involved in almost 400,000 accidents
costing in excess of $4 billion, (unadjusted foflation). These figures have prompted Donald
Rumsfeldt and his successors to introduce safétgtimes across the US Department of Defense.lelab
1 shows how these programmes have gradually hédpeztiuce the total number of Class A to C Army
Aviation mishaps from 236 in 2006, to 201 in 200i@ 491 in 2008 However, progress has not been as

! 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 iweoldamage costs of $200,000 or more, but less $#1ad00,000 and/or
permanent partial disability and/or three or mosogle are hospitalized as inpatients. Class C émt&dare slightly more
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rapid, or as uniform, as many would like. Exprelsas an accident rate there were 7.583 Class A to C
flight accidents per 100,000 hours in 2006. Thad hisen to 10.357 in 2007 but fell again to 7.689
2008 (Fabey, 2008).

Accidents remain relatively rare events for mostex forces. It can, therefore, be argued thatt $aon
reductions in the accident rate may reflect siatistvariations linked to other factors rather than
underlying changes in military safety managemestesys. Most accidents are caused by interactions
between different causes and contributory factofhiey stem from problems that lie undetected for
months or years, including flaws in the design gfipment, Standard Operating Procedures (SOPSs) or
maintenance procedures. These longer term ‘latesifes combine with ‘catalytic’ events that trigge
particular accidents, such as human error or coemofailures. They are often compounded by
operational demands, including meteorological chmats, mission requirements and by enemy action. |
is also important to remember that there is a tedidisk in many combat and training activitiesttha
create the potential for accidents; where youngleeare typically asked to make critical decisiams
short periods of time with limited information. @$e complexities do not arise in many civil
environments and hence it can be particularly aiffito sustain reductions in the military accidesie
(Johnson, 2007).

Total Aviation Accidents (Flight, Flight-Related, Ground & UAS)
Number of Accidents
Accident Category FY 2008 FY 2007 FY 2006 3-Yr Avg
Aviation Class / 26 34 27 29
Aviation Class | 31 32 61 41
Aviation Class C 13 135 148 139
Total Aviation (Clas A-C) 191 201 23€ 20¢

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

There have been more than 120 US Army helicopshes in Iraq since 2001; just over 40 were caused
by enemy action. In Afghanistan, there have beegiragimately 40 helicopter crashes, around one
guarter were due to hostile fire. Many of theseidents have occurred while crews were using night
vision equipment. For instance, the US Army relgefaund that there were 7.7 serious incidents per
100,000 hours of daylight flight in their helicopféeet. The rate rose to 13.9 per 100,000 hoursifght
flight. Of those, the rate for unaided night opienas was 9.3 while 15.8 incidents occurred per 00,
hours for night operations involving vision enhameat systems (Johnson, 2004). There are many
reasons for the higher incident rates associatéiul the use of night vision technology. For example
night operations carry an inherently greater risnt missions that are conducted during daylight$ou
Image intensification and infrared systems tendswpport operations that would not otherwise be
attempted. There are also technological and huiaztors limitations; night vision devices do notriu
night into day. The relatively constrained fieldview afforded by many applications can leadpatil
disorientation. Macuda et al. (2004) have invedtid the difficulties that aviators experience when
using night vision systems to identify forms the¢ eecognised by their motion. The studies of itz
and their colleagues have shown that the relati@lyimage quality of many night vision systems can

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
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impair aviator performance and increase worklodgxisting applications provide relatively grainy
images that can prevent users from identifying ldemphotion, resolution, form, size and distance
information.

The operational characteristics of existing rotamgraft, such as the CH-47, has led to an incnegsi
number of accidents in which debris from helicomtewnwash has obscured crew vision during landing
and takeoff (US Army Aviation, 2007). The deoisito focus on the interaction between night vision
and ‘brown out’ incidents is further justified blyet operational demands that continue to face thEMA
International Security Assistance Force (ISAF) ifighanistan and coalition troops in Irag. The
operational context for these conflicts has creaedquirement for formation flying to deliver tymo
and supplies into the field. The first aircrafiand or take —off in a formation stands a greetence of
avoiding the debris that affects their colleagud$owever, in some areas even a single take-off can
generate a dust cloud that extends for miles. edemt US Air Force report argued that the task of
landing in desert environments was the “most dangeaspect of flying in combat helicopters today”
(US Air Force, 2008). Fixed wing vehicles alsofsufirom the problems of ‘brown out’, especially
during sandstorms. However, the frequency of tliesidents is much lower and the consequences are
typically less serious than for helicopter openasio A US Air Force helicopter pilot with fast jet
experience recently summarised the differencesrgwyireg that “there is really no relaxation pointthvi
them. The pilot is constantly making adjustmentedambat instabilities present during hovering. You
compensate these instabilities by becoming a hubwppler - that is, you detect and react to stafes o
position and motion. When visibility goes away &m, does knowledge of the motion state. If a pilot
can't detect motion state, then that pilot is fiketconds away from crashing” (US Air Force, 2007).

The hazards created by ‘brown out’ incidents acerbated by the restricted peripheral vision amd |
resolution that is provided by night vision systemdebris on landing and take-off obscures visual
references and increases the spatial disorient#ti@inis a common cause of many accidents involving
image intensification and infrared technologies.he3e problems are compounded by a sense of
complacency that can arise when aircrews rely erirttages provided by night vision technology. Many
incident reports refer to the sense of surprisenwgilots are first engulfed by the dust broughtiughe
wash of their own rotors (Dept of Army, 2001).

This section has introduced the importance of nighion technology and of brown out incidents in
military accidents involving rotary winged aircraft Section 2 goes on to provide a more detailed
analysis of the operating characteristics of nighion devices. The third section uses the finglifrgm
this work to identify interactions between nighsiein devices and the environmental or meteorolbgica
conditions that lead to brown out incidents. Theemtion in the first half of the paper is identifye
causes of previous incidents and consider the tdabital or operational limitations of recent prepts

to reduce the frequency of brown-out accidents.cdntrast, the second half of this paper looks at a
single case study. In particular, Section 4 fosuse the loss of a UK Puma helicopter on operationa
duty in Iraq during November 2007 (RAF, 2007). isTimcident stemmed from environmental conditions
that limited the effectiveness of night vision quuient. Contributory factors included organizationa
issues, such as a failure to follow Standard Opega&rocedures, and a host of human factors coacern
including the problems of maintaining distributéiiation awareness across multiple teams.

The aircraft involved in this incident formed paft a mixed formation of two Pumas and two Lynx
helicopters. During the afternoon before the dewi, a plan emerged to attack a series of targeter
the cover of darkness. However, intelligence upsl&brced the Mission Leader to re-brief the foiorat
on a revised scenario for the attacks. Duringflibbt, the lead Lynx became separated from the s
the formation and radio contact was lost. Howevtke, Mission Leader believed he had correctly
identified one of the targets and a landing ar@aring an initial approach, the second Puma sttbek

3



Chris W. Johnson On the Interactionnzatn Night Vision Devices and Brownouts in MilitAmjiation

ground and rolled over under ‘brown-out’ conditiaassdebris was lifted into the air from the downlwas

of the rotors. The aircraft caught fire shortlyeafimpact; two passengers were trapped in thekaiggr

and were later found to be dead by a subsequenteesew. The damaged Puma was destroyed in place
by coalition forces. In order to understand theditions that caused and exacerbated this accidést,
first necessary to analyze the strengths and weakseof the night vision devices that the crewsewer
wearing.  Subsequent sections consider the effibets brown out conditions can have upon the
operation of these devices.

2. The Role of Night Vision Devices in Military Aation Accidents

Night vision devices mitigate the risks associatgith operations in low levels of visibility. Theyelp
personnel to maximize visual resources; howeveghtnvision devices also create new risks. They
create a host of human factors problems that apdidated in a growing number of military accident
reports (Johnson, 2004). The use of night visiquigament can impair situation awareness (Durnfard e
al, 1995). It can also distract pilots from othidormation systems and hence increases the lixedifof

an adverse event. However, it can also be argoadthese devices tend to be used under adverse
meteorological and environmental conditions wheoidents are more likely to occur anyway. For
instance, approximately half of all accidents iviad) the US Army’s Black Hawk helicopter fleet have
occurred while pilots were wearing night vision @es. However, this does not imply that these
incidents were caused by the night vision deviddany more accidents might have occurred if airarew
had not been wearing these devices.

Studies of aviation accidents have identified thatial disorientation that can be caused by theafise
night vision devices in helicopter operations (Braiaite et al, 1998). Problems with depth perceptio
and orientation were found to predispose aircrewntighaps involving night-aided flight. Three
independent assessors read through each of thdeimicieports in the A to C categories in order to
identify those that involved some form of spatisgdadientation. These were then subject to a &irth
analysis that was intended to identify ‘associdtedors’ and ‘possible countermeasures’. They fboun
that approximately 43% of all spatial disorientatimishaps occurred during flights that used night
vision equipment. Only 13% of accidents that did imwvolve spatial disorientation involved these
devices. An examination of the spatial disorieotataccident rates per 100,000 flying hours revealed
significant difference between the rate for dayrifyand the rate for flight using night vision dess.
The mean rate for daytime flight was 1.66, while thean rate for flight with night vision devicessva
9.00. They concluded that the use of night vigiemices increased the risk of a spatial disortenta
accident by almost five times.

2.1 Overview of Night Vision Technology

There are two main classes of night vision devidemge intensification (I2) systems enhance the
lighting that is available within the existing eromiment. Infrared (IR) devices, in contrast, wythically
use heat emissions to identify objects that canti@rwise be detected using available light sources

Image Intensification Equipmentimage intensification systems support direct oletéons by
amplifying low levels of ambient light. Most imagntensification systems perform poorly in total
darkness. Higher amplification is associated witite expensive devices and can imply increasedsleve
of distortion. The intensified image is, typicallyjewed on a phosphor screen that creates a
monochrome, video-like image, on the user's eyegsec Unfortunately, a number of disadvantages
affect the application of this technology. Mostaige intensification systems are attached to thesuse
helmet. Early models included relatively heavitdrg packs that restricted the users’ head movénen
This problem was exacerbated by the need to ma/bdhd because many of these devices offer a highly
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restricted field of vision. This may only be 40-68grees (Canadian Army Centre for Lessons Learned,
2001). Image intensification equipment can alsat problems in depth perception. Colour cues and
binocular information are lost with many commercisistems.  All of these limitations are being
addressed by technological innovation. In paréicult is now possible to buy light weight and exted
field of vision systems. However, these tenddakpensive and can be difficult to maintain urfod
conditions.

As mentioned, image intensification (12) systemspbiiy available light. From this it follows that2
systems do not work well in near total darknessExternal light sources support the use of this
equipment. City lights provide useful illuminatievhen cloud cover reflects available light backooat
scene. However, there is a risk that personnklfixate on distant light sources (Johnson, 2004).
Looking at the moon has the same effects as lookiingctly at the sun under daylight lighting
conditions. Flares can also provide the indifigttt that is amplified by image intensificationstgms.
However, such a strong source will adversely affémtice resolution if users look directly at them.
Vehicle instrument lights and cockpit displays camate “washout” or halo effects. It is usuallspible

to turn-off instrument illumination in ground velés. However, it is a complex and expensive task
alter cockpit lighting systems without compromisitite daytime use of the aircraft.  Night vision
systems are often particularly sensitive to the lighits that are frequently used in speedometeds an
engine instruments. The anti-collision lights riegd by FAA regulations can also be intensifiedato
point at which they dazzle the wearer of an intiecesion system.

Visual acuity from night vision devices providesast improvement over human night vision. However,
it is far from perfect. As with direct sight, higr levels of acuity are associated with closeyywest
targets (Macuda et al, 2004). The visual acuitgred by image intensification rapidly diminishies
objects over 500 feet away. This distance is &rrteduced, the faster the target is moving. Ailmer

of environmental factors can also reduce the aanitymage intensification systems. In addition to
brown outs, performance is also affected by rdmyds, mist, dust, smoke and fog. All of thesedes
imply that experience and recurrent training must gyovided if personnel are to operate image
intensification systems. Risk assessments stadattconsider the problems that can arise, for pl@m

if external lights are likely to create the deemdbws that hide hazards or if the users of image
intensification systems are momentarily dazzleatner light sources.

Infrared and Thermal Imaging SystenRRather than enhance light that is visible to then&m eye,
thermal imaging systems detect infrared radiativat s emitted by heat sources. These devices use
transducers to detect thermal emissions that cam bl focussed in the same way as conventional ligh
The difference in temperature amongst the objects iscene is translated into a visual contrast
represented by different shades on a display.afefr systems can, therefore, be used in total daskn
They tend to be robust against the light ‘pollutithrat will dazzle users of image intensificatiorstems.
Infrared devices can also be used to ‘see throsigimie types of fog because they do not rely onleisib
light.

The sensitivity of thermal imaging systems is meadun terms of degrees celcius per optfealimber.

In other words, it provides an indication of thenferature change that would be required to prowoke
change in the image. These differences are tpitathe region of 0.05-0.2 degrees Celsius. e Th
resolution or sharpness is measured in terms ofnftantaneous field of view (IFOV) in milliradians
(mrad). 17.5 milliradians is equal to an angle afebree in the instantaneous field of view. Theedow
the IFOV value is then the sharper the image amdldimger the range will be. However, as the
magnification of the thermal sensor increasesfitid of view decreases. Operators must use scgnnin
techniques to compensate for this limitation. hfiit well developed methods, it can be easy forsuse
to overlook areas in a scene. As with image Biferation systems, individuals can quickly become
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fatigued by the prolonged scanning that is requicedse infrared systems in combat conditions (New
Zealand Army, 2003)

Infrared landing lights are invisible to the nalaa but for can provide useful beacons to aircnesusg
these night vision systems. Infrared searchlightsbe used to pick out objects that could notratise
be detected using visible light. However, theserses can help enemy personnel if they are alsmusi
night vision equipment. There are further humantdis limitations. Users tend to limit their atien

to the area directly covered by a searchlight. Tineigt be trained to expand their scanning pattems
either side of the beam. There are further lindtet. High-humidity reduces the thermal contthat is
amplified by infrared systems. Rain and surfaceewan runways can create optical illusions; thitgro
appear to be further away as the surfaces coaifrared systems cannot be used to identify precise
details on remote objects that are not distinglikh&ay different heat profiles. Brown-out cancals
occur when there are reflections from an infrarearshlight caused by the dust that is raised iot@r r
wash.

2.2 Training with Night Vision Devices

Previous paragraphs have summarized the operatiataateristics of existing night vision systems.
These operating characteristics make it importaeit individuals and teams are trained in the opmrat
use of these applications. It can be difficulimaster the scanning skills that are required tadatree
‘washout’ and ‘halo’ effects that occur when imageensification systems are affected by secondary
light sources. Similarly, personnel must be trdime@ overcome the limited field of view provided by
most infrared applications (US Army Center for Arrhgssons Learned, 2003). US Army Training
Circular 1-210 *‘Aircrew Training Program Commandedguide to Individual and Crew Standardization’
summarizes training and familiarization requirersefior the use of night vision equipment (US
Department of the Army, 1996). Prior to theisfitraining flight with night vision, aviators muspend
more than an hour in the cockpit of a static sitauwlar aircraft to familiarize themselves with atlpf
basic tasks including emergency procedures, nigidryfailure and a ‘blind’ cockpit drill.  They unst
then undergo ten hours further training including:

e An Introduction to Night Vision Devices;

* Night terrain interpretation;

» Night Vision ground and air safety;

* Night tactical operations, including the impactighting;
» Night Vision navigation, including map preparation;

« Aircraft modification requirements for night visidinght;
» Vision, depth perception, and night vision orieiutat

TC 1-210 also includes requirements for aircrewsdieduct refresher training in the use of nightoris
devices. One hour of refresher training is respliif a night vision flight has not been completeda
particular aircraft type within the previous 180nsecutive days. There is also a requirement for
aviators to conduct mission training. This invaa least ten more hours of flight using nighforis
devices followed by a further evaluation.

While it is possible to train personnel during fadar flight conditions, it can be far more diffilt to
prepare operators to resist the broad range oéVibusions that complicate the operation of nigision
technologies. For instance, many devices canigiecan impression of a false horizon on the boundar
between light and dark colored areas of sand, &dpeahen other environmental factors, includingst
and haze, obscure the true horizon. Desert tiondioften also lack the visual markers and refese
points that support accurate height perceptiondddsuch circumstances, ground lights can be n@stak
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for the lights of other aircraft or even stars. ack of features and relatively slow speeds may also
persuade pilots that they have stopped moving thaugh the aircraft is actually travelling forwardn

flat terrain, such as that found in dry lakebed$rared devices create the illusion that terrampsb
upwards at the edges. Particular problems asentevhen using the infrared searchlights to vidveio
helicopters that may appear to be landing intcateciwhen they are landing on level ground.

Recent years have seen a move away from trainidigidlual crewmembers to recognize the optical
illusions that affect night vision equipment. $hkdllusions can be so persuasive that individualls

still fall prey to them even though they have b&ained to recognize that they can occur. In remtt
greater attention has recently been paid to teadncesw coordination as a potential barrier to ieaid
and accidents. For instance, the US Army Safetpté€ls Southwest Asia Leaders' Safety Guide
emphasizes the need to synchronize crew obsersadioth communications in order to combat some of
the problems created by these illusions. Guid@&peovided on scanning responsibilities for Elahd
non-rated crewmembers in different types of flight.These responsibilities must be planned and
rehearsed prior to any mission so that team membans detect and compensate for the current
limitations of night vision technology. Team selen, therefore, becomes particularly importantisTh
issue will be referred to several times as a cbatary factor in the case study that is presented i
Section 4.

3. Brown-out, Rotor Wash and Military Aviation Adents

Training requirements, such as those presente€irZ10, have improved competency to a point where
most military mishaps are the result of severafedi#nt causal factors. Operational demands often
combine with environmental conditions to exacerbidwe problems of using complex technologies;
including night vision equipment (US Army Centre faessons Learned, 2003a). As we have seen, the
operation of night vision equipment has been assedi with several different forms of spatial
disorientation. These effects are exacerbateithglar ‘brown-out’ landing or take-off when visitiifiis
reduced by airborne particles. These particlestgpécally, raised from helicopter downwash in thst

20 to 30 feet of an approach. The interactiowbeh night vision equipment and brown-out incidésits
important because it typifies a growing numberaoimplex’ or ‘systemic’ military accidents.

Brown-out accidents were relatively rare during @ad War; given the small number of operations in
arid desert regions. However, the importanceheké mishaps has steadily increased even though
brown-out accidents tend to be more ‘survivabl&nttother aviation incidents. They, typically, occu
close to the ground and at low airspeed. The UKDMas lost 16 helicopters in brown-out incidents
between 2000 and 2007. Between 2002 and 2005U&heé\rmy suffered 41 brown-out accidents.
Approximately, 80 percent were during landings &@dpercent during takeoffs (US Army Aviation,
2007). The percentage of these accidents as aniap of all Class A mishaps rose from 9% prior to
the invasion of Iraq to 18% during it (JenningsP&0  Since 1991, the US Army has reported more
than 230 cases of aircraft damage and/or injurytduensuccessful take-offs or landings in brown-out
conditions. One reason for the importance of browh incidents is that they lead to spatial
disorientation which exposes other underlying vrdbdities. These include human factors issues.
Inadequate training, problems in cockpit resour@agement, high levels of workload combine and
undermine attempts to cope with the loss of vigibduring an approach (Johnson, 2007a). Brows-out
also expose flaws in the design and maintenan@érivhmes. For instance, mechanical failures have
been triggered by the ingestion of sand. Browts-@gcelerate wear on rotor blades and gear asawell
engine components and air filters. Secondary &fficlude the reduction of maintenance intervald a
the consequent increase in demands on support.créligh levels of maintenance workload continue to
be a significant cause of other military accidents.

7
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3.1 Effects of Brown-out on Different Platforms

New generations of aircraft, such as the HH-60GePawk and the MH-53 PavelLow, have been
specifically developed to support extreme low-lemgérations. However, the threats created by ‘brow
out’ conditions are beginning to constrain the-talirain’ landing capability that these platformeres
intended to provide. This is particularly importéecause the amount of debris generated in brawn-o
incidents is also determined by the downwash cl@riatics of the airframe or airframes involvedaim
approach. For instance, the performance charatitariof the V-22 Osprey make it particularly
susceptible to these incidents. This aircraftesebn tilting rotors that increase the velocitytbé
downwash compared to other rotary winged aircra¢hsas the CH-46, which it was intended to replace.
However, the precise relationship between rotooderamics and downwash incidents is far from
simple. For instance, the Osprey seems to beples® to low altitude brown-out. In other wordse t
debris clears in the last few feet before thertitbr makes a landing. Further study is requii@d
develop a comprehensive account of the downwashactaistics of different aircraft. The Osprey
observations are largely based on accounts frooneairtransitioning between the V-22 and the CH-46.
Accident data provides more quantitative insightSsor example, the CH-47 made 7% of all U.S. Army
helicopter flight hours from February 2003 to J@0@5. However, it was involved in 30% of all brown
out mishaps, 12 out of 41 in total between FY 280@ 2005 (POGO, 2007, US Army, 2007).

Downwash directly influences the likelihood of bmwut mishaps. A number of other design factors
influence the consequences of these incidents.example, the AH-46D Apache has a relatively narrow
stance; the pilot sits in a rear section of thekpaovhile the co-pilot/gunner sits immediately fiont.

This tandem layout makes the aircraft more sudgleptd ‘roll-over’ incidents in a brown-out compdre

to the parallel cockpit layout and broader stantéJid-60s. However, the Apache also provides a
Forward Looking Infra Red vision system that isnigeintegrated with image enhancement systems as
part of the Arrowhead upgrades. This arguably héhe aircrews to avoid the disorientation assediat
with brown-out incidents. UH-60s only provide ingsigtensification technology.

3.2 Training, Tactical and Procedural Countermessur

As with night vision related accidents, many miltarganisations have developed Training, Tactich a
Procedures (TTPs) to reduce the likelihood of br@ahmishaps. One reason for this is that the US
Army has identified ‘spikes’ in the accident rateBrown-out incidents are more likely to occur et
early stages of combat deployment (Gant, 2007jcré&ivs must rely on unprepared field sites prepared
for example in forward arming and refuelling lasgetombat outposts etc. Over time these sites are
upgraded with hard-standing areas using gravelgrese and polymer coverings that are less prone to
brown-out. However, aircrews cannot assume thet till be able to land on a prepared area. Tlsre
therefore, a continuing requirement to ensure #reyproficient in the monitoring skills that aresestial

to maintain situation awareness during brown-outions.

Arguably one of the most effective Training, Tasti@nd Procedures is to keep the debris behind the
pilot’s door by performing a rolling landing. Thielps to ensure that the crew have a clear vietheof
Landing Zone (LZ) ahead of them. Rolling approachee less effective if the wind changes during a
landing or if the prevailing wind prevents such @pproach in the first place. There are further
limitations. For example, ground obstacles anaksvbften restrict the area available within a lagd
zone. Other aircraft may require additional spcenake their own approach. They can also create
debris ahead of the potential LZ; obscuring thewid the rest of the formation. There may notibeet

for a prolonged rolling approach in medical evamret (MEDEVAC), unscheduled supply drops or
rapid troop transports. These techniques cammoisbd in situations where enemy action may tanget
aircraft as it moves forward through the dust cloud hese factors constrain the airspeed and rfate o
descent needed to maintain aircraft control undewhb-out conditions (US Army Center for Combat
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Readiness, 2005). More acute descent and asadilep have been developed to minimise the impact
of brown-out. However, these manoeuvres create ohen risks by placing heavy demands on the skill
and proficiency of aircrews.

The US Army has also developed their TTP suppognsure that instructors from units that are being
rotating out of a combat area are then heavily lirad in training their colleagues from new rotason
This was not always the cas@ne of the reasons why brown-out incidents have lseeprominent in
recent military accidents is because there has beersmatch between pre-deployment training and
operations experience. Early US rotations in ik@ge more accustomed to the dry lakebeds and sérub
the National Training Centre. This left aircrewnaptepared for brown-outs and a host of other
operational conditions. They had relatively ditdxperience of shifting sand dunes and the imibatt
extreme temperatures can have upon night visiorpemnt. For instance, crews found that their
training manuals authorized airspeeds that werdasbto safely operate at night over sand dundés wi
night vision equipment; “the authorized airspeedrfap of the earth flight is 40 knots, but an aiftr
flying in zero illumination at 25 feet in sand dgnshould fly just ahead of effective transitional
lift...Just keep in mind that at airspeeds below &ffee Translational Lift (ETL), you may encounter
rotor induced blowing sand” (US Army Safety Cenf03b).

Other TTP countermeasures focus on crew resourcegeaent. There is a temptation to ‘stack the

deck’ with additional pairs of eyes during landingfor instance by requesting input from the door

gunner in another platoon. However, there is & tlsat misunderstandings and other forms of

communication failure will compromise shared sitoiatawareness. The use of TTP solutions is farthe

limited by one of the fundamental paradoxes oftamii risk assessment (Johnson, 2007). In order to
become proficient in the communication and planniaghniques that reduce the threats created by
brown-out incidents, it is necessary for crewsractice these skills. However, it can be diffidalttrain

in brown-out conditions when Standard OperatingcPdares (SOPs) are intended to limit aircrew

exposure to these hazards. In the decade betliee@ulf War and Operation Enduring Freedom, the

U.S. Army recorded over 40 cases of brown-out ad&lduring training.

Some units in the US Army have begun to removectiBn doors to increase visibility for the aircrew
during brown-out landings. Pilots and co-pilotsianake more accurate direct visual observations by
maximizing their field of view so that they can spay ‘breaks’ in the clouds of dust and other gebr
As with the application of polymer binding agentss solution has not been adopted across all.uiits
particular, the US Air Force TTPs have not approtredlremoval of cabin doors because there remain
considerable concerns about the consequent |ge®igfction in combat areas.

3.3 Ground-Based Countermeasures

In addition to specialised ‘brown-out’ approach fpes, US Army SOPs require that aircrews use
prepared landing zones (LZ) whenever possible. s&rae mostly confined to established bases and
outposts. Prepared LZs are seldom available iwdid operating areas or for deliberate air assaults
Aircrews must improvise landings on dirt roads, rogley areas, or dusty mountain peaks (U.S. Army
Combat Readiness Center, 2005). The hazards atsbavith landing on unprepared surfaces are
exacerbated by the difficulty of conducting detdillanding site surveys in hostile areas or where
operational demands force late changes to theitocaf a mission. In other words, crews oftenndd
know whether or not they will face brown-out coiwlits when they are tasked with a particular mission

A range of materials have been developed to retheamount of debris that can be raised during-take
off and landing. The US Army have laid down potgesMobi-Mats, or ‘triscuit pads’, since the late
1990s. These are temporary pads that can be edrtdl provide a stable surface for rotary wing
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operations. However, they are heavy and can kéeldy in the field. In consequence, the US Marine
Corps have experimented with light-weight HeliMiematives (Whittle, 2007). These do not have the
load bearing characteristics of the Mobi-Mats. Tlaso wear out under a high tempo of operations.
Operational deployment has, therefore, revealeddieel to carry both type of synthetic surface.

‘Rhino snot’ polymers provide a further alternatit@ these pre-formed surfaces and mats. These
substances bind together debris prior to any landim order to apply these polymers, ground forces
must first scrape off as much dust as possiblédne drea is then soaked with water, leveled andetpp
with gravel. Several coats of ‘Rhino snot’ arerttegplied and left to harden. Eventually, the acef
breaks up to minimize longer-term environmenta¢etf. However, the polymers offer a differentafet
logistic problems to those created by HeliMats &mdbiMats. In order to bind surface layers, the
polymers are very adhesive. This makes them diffto handle. If clothes are contaminated thayth
typically, must be destroyed. This makes the pelgvery unpopular with some of the units that have
to apply them. The difficulty of cleaning the gmuent used to lay down the surfaces often forces
ground units to reserve a small number of vehifbegshis purpose. This also means that the approach
cannot easily be used in forward areas.

3.4 Airborne Countermeasures

The operational risks associated with brown-oudlilags and take-offs have motivated initiativesitm f
technological countermeasures. The most obvioygoaph is to redesign rotors that reduce the
likelihood of a brown-out occurring in the firstgoe. The US 101 variant of the Augusta-Westland
EH101 has been designed with blades that are iatend push debris away from the fuselage.
Traditional designs tend to propel dust towards amlind the cockpit area. However, brown-out
performance is one of several competing requiresnfrtblade design and here can be trade-offs with
efficiency/power, noise etc. Aerodynamic solutidosthe hazards created by brown-out remain the
subject of basic research (US Air Force, 2007).

It is unlikely that aerodynamic innovations in nottesign will provide a panacea for brown-out igeits

in the short term. Flight information systems pdevan alternative approach. For example, some MH
53's present a cross in the middle of the headisiplal/ at 15 knots of descent. As the pilot deetés
this cross descends towards a reference box arwt lveim be used to monitor vertical velocity (Martin
2008). The Brown-out Situational Awareness Upgré@teAU) extends this approach. Vertical speed
and vector information is mapped using data frodaraltimeters and the Global Positioning Systems
(GPS) on aircraft including the UH-60 and CH-4Aircrews can access BSAU information using their
standard head-up displays as well as through tigit vision goggles. The design teams first tiienl
information needed by aircrews to mitigate the gisif brown-out accidents. They then traced this
required information back to the available inpuinfr sensor data. These sensors had to be sufficient
accurate to ensure that the application did noegmse the cognitive load on aircrews when they tised
symbology during a brown-out. However, US Armydités concluded that BSAU was only an initial
step; “While the system proved its value during and many other approaches, good crew coordination
briefing of go-around procedures, and power managémemained critical tasks” (US Army Center for
Combat Readiness, 2004).

Flight symbology systems, such as BSAU, help pitotsnonitor their attitude and rate of descent into
brown-out landings. They cannot at present be tgdtklp aircrews avoid terrain features or ground
obstacles. Night vision equipment can providetpilwith additional cues. They may also reduce the
impact of disorientation. However, these devicésmlimit aircrews’ field of view and hence may
exacerbate rather than reduce the problems ofas@atiareness. The underlying technologies are also
susceptible to brown-out failures. Dust partictzsr completely obscure the narrow field of view
provided by image intensification equipment, such that installed on most Blackhawk aircraft.
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Airborne debris reduces the temperature profilest tre augmented in infrared systems. Further
problems arise from the interaction between nigsiom equipment and the hazards created by brown-
out incidents. For example, the FLIR (Forward Liogkinfra-Red) pod and infrared countermeasure
equipment have been slung beneath the HH-60G. Iotad¢ion of these devices makes them particularly
vulnerable; “even the most experienced pilots ateimmune from breaking FLIRs or rolling an airdraf
due to a brown-out approach” (US Air Force, 2008).

A number of research programmes are developingreeldlanight vision systems to address the problems
created by brown-out landings. These include &akremember’ applications that take a series tRFL
images of a landing zone before they are obscuyedébris from the downwash. Software then
recreates a pseudo-3D image for the aircrew tor riefeduring a subsequent brown-out. The
Photographic Landing Augmentation System for Heglteos (PhLASH) has extended this ‘see and
remember’ approach to image intensification systePBLASH combines an electro-optical sensor and
infrared strobe lights to match a photograph ofgltmind with a coordinate on the Earth’s surfadagus
onboard GPS. The intention is that the photographldvbe taken immediately before the brown-out and
hence could be ten or twenty seconds out of daieglthe final stages of the descent. This coute
problems is vehicles or other elements of a foromatnoved into the LZ. It can also be difficult to
obtain an accurate image of the LZ during nightrapens, given the limitations of image intensifioa

and infrared technologies that were summarizechéndpening sections of this paper (Martin, 2008).
This limitation can be addressed through the usedib wave sampling (US Air Force, 2008). The
Defense Advanced Research Projects Agency (DARRAJNaster programme provides an example of
one of these ‘next generation’ initiatives. Timtegrates four different technologies:

1. A radar sensor for three-dimensional scanning.Conventional radar plots provide two
dimensional overviews of a potential LZ. Phased miilimeter wave approaches can be used to
build up three dimensional representations whigerttdar signals penetrate the debris that causes
brown-out incidents.

2. A database to store successive scans of a potdatiging zone. The results can also be
compared to pre-stored images and maps. This ekpssure that whenever possible the radar
returns can be mapped onto a known potion of theitg zone.

3. Synthetic vision techniques to generate a reprasient of the LZ for the crew based on sensor
feedback and the pre-stored information in the Hat®. The intention is that this view will
restore aircrew situation awareness that wouldratise be compromised by a dust cloud.

4. An ‘agile’ flight control system. The ambitious aim of this component is to endidehelicopter
to ‘land itself’ under low speed approaches (Mar2d08).

Much work remains to be done before sufficient afienal expertise has been gained to demonstrate th
reliability of this multi-stage approach — for iagte in desert environments where sandstorms centin
to alter the landscapes that may be recorded itiatpmtabases. US Air Force work in this area ha
focused on Laser Detection and Ranging (LADARNh contrast to millimeter wave radar based on radio
pulses, LADAR uses light sources to scan a potelati@ing zone. This technology has been applied i
‘near operational conditions’. However, there &rgher technological problems. Ideally, aircrews
require high resolution images (e.g., 1280 x 10&elp). However, existing LADAR sensors have low
spatial resolution (i.e., 512 by 512 pixels). Rk systems also suffer from the same limitett fif
view, around 30 to 60 degrees, that affects niggibn systems. Accuracy requirements for brown-out
countermeasures can be expressed in terms of egatsrat rages of 100 to 1000 ft in real time. At
present the generation of synthetic images reqaideitional processing that prevents these resuisiti
being produced in real time. These limitations ls@eng addressed by technologies that include ectiv
gated LADAR imaging and fusion of the millimeter wearadar from other areas of the Sandblaster
programme. A recent Department of Defence reseeatihalso proposed the integration of LADAR
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technology with image intensification and inframgidht vision equipment (US Department of Defense,
2008).

The US Army Safety Centre has stressed that tleebmological initiatives will not remove the need f

to train crews to combat brown-out conditions. fEhis a need to familiarize pilots with the strérgt
and weaknesses of advanced sensing systems, jastiaswvs must gain expertise in the application of
infrared and image intensification equipment. Thel-&0M and the CH-47G have recently been
deployed to US forces and provide technologicalpsupfor brown-out landings. While they do not
provide the integrated sensing systems mention egbihey do provide velocity vector, acceleration
cursor, instantaneous vertical speed indicatodarraltimeter, and heading information on a common
‘hover page’. Pilots are not forced to piece tbgetcritical information from numerous displays
scattered across the cockpit. However, the Sdfetyter recognizes that the wider provision of this
technology will require “the development of a separaircrew training manual (ATM) task for landing
without visual reference for all airframes, nottjgpecial operations aircraft” (Gant, 2007).

4. Combating the Interactions between Night Visaon Brown-outs

Training, Tactics and Procedures (TTPs) have beseldped to minimise the disorientation that can be
cause by night vision equipment. Previous sestltave also described how TTPs have been drafted to
address the loss of spatial awareness during bomwhandings. There are strong overlaps between
these Training, Tactics and Procedures s. For pbearthe UH-60 requirements include a section on
“Night or NVG Considerations™:

“A go-around should also be initiated if visual taet with the landing area is lost. Snow, Sand
and Dust Considerations: If during the approacisuai reference with the landing area or
obstacles is lost, initiate a go-around or instmimakeoff (ITO) as required, immediately. Be

prepared to transition to instruments. Once visogtieorological conditions are regained, continue
with the go-around” (Gant, 2007).

Training is required because it is recognized thate is a position close to the ground where iy b&
more risky to attempt a go-around rather than cetepthe landing. Hence, go-arounds should be
initiated well before passing below any obstacldewever, brown-outs can occur in the last few fdet

a descent. In other words, the aircrew must deeidether or not to abort the landing after theyehav
passed underneath obstacles and at a time whan hecdifficult to determine whether the go-aroisd
more risky than the landing. All of these facten® exacerbated when aircrews are under fire or
operating in close support of ground troops withuagent operational need for air support. Theafse
night vision equipment adds further complexity hesmit can foster a sense of over-confidence wsre
as they approach a potential landing site. Thig lmave them ill-prepared for the disorientationsed

by an unexpected brown-out. In such circumstgnites US Army guidance makes it clear that the
greatest risks arise when crews have no contingptaty and so must continue with a landing even
though they are uncertain of their precise oriémtatvith respect to the intended LZ. Aircrews must
train to continuously scan for any available owsidies and for information from their instrumerati
during brown-out contingencies.

Simulators cannot easily be used to prepare frsgratial disorientation that occurs when browrsout
create sudden on-set instrument meteorological itond (IMC), especially while using night vision
equipment. “Simulation is a valuable tool to aidtiaining aviators in the dust landing profiledanhis
getting better all the time, but it cannot repldce feel, motion and characteristics of the realgh
(Gant, 2007). Equally, there are significant hdgdn practicing under the environmental condititors
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which aircrews are not yet fully prepared. In @msence, a range of visors, helmet bags and ‘feggle
have been developed to restrict the vision of eiwsrduring exercises (Rash, 2006). These helpsiho
experience some of the effects of brown-outs urmdstrolled supervision in normal visibility. In
particular, a great deal of attention has recedioitysed on the integration of Night Vision Gogglaaer
Interrupt Devices (NVGPID) into US military TTPsNVGPIDs help crews simulate the loss of NVG
capability during brown-outs (Gant, 2007). Instars can use the devices to induce a failure én th
night vision goggles during a critical phase ofragtice landing. By extension, the same technaare
also be used to replicate the impact of debrisndutake-off. The intention is to force the pilotrhake
use of the instruments and symbology to completentneuver. There are three additional benefits.
Firstly, the NVGPID device is relatively cheap asichple. Secondly, instructors do not always have t
fail the night vision system during practice largiin this makes it possible to mimic some of the
uncertainty that arises when crews do not know kdrebr not a brown-out will occur. Finally,
instructors can control the level of risk thatngplicit within any brown-out drill outside the cdraints

of a simulator. Training officers can vary thegaaf an approach or landing when a failure is @edu
They can also integrate the NVGPID into other openal training scenarios to mimic specific apptoac
patterns. It is far more difficult to preprograrongplex simulation software to reflect the specific
demands of a deployment. It is important to strhesvever, that the use of NVGPID’s is intended not
simply to replicate the loss of spatial cues. Ehdsvices have been developed to help crews sienulat
the large volume of communication, coordinatiord &sual, instrument and symbology scanning that is
required following a brown-out.

5. Case Study: Loss of a UK Puma in Iraq, Noven20&7

The opening sections of this paper summarizedttieagths and weaknesses of night vision technology
for military rotorcraft operations. Image intensétion and infrared devices provide significanatig
cues during low-visibility landings. They can helgws to survey potential landing sites and tcetigy
contingency plans before a brown-out occurs. Hamewight vision devices contribute to the
disorientation that leads to brown-out accidentBoor resolution and a limited field of view are
exacerbated by the loss of external cues as dabdsiust are raised by rotor downwash. The previou
analysis has been based on accident studies, os & on statistical evidence drawn from several
military organizations. In contrast, the secomdf lof this paper uses the insights provided fréma t
high-level review to consider the specific caused @ontributory factors that led to a brown-outident
involving a UK Royal Air Force Puma on operationliag during November 2007. The loss of night
vision, combined with the disorienting effects afist and debris, exposed underlying problems in
aircrew communication, in training and in missidarming.

This incident occurred during a night mission tmatolved a mixed formation of two Pumas and two
Lynx aircraft. For convenience we distinguishviltn Puma 1, carrying the mission leader, and Buma
that was lost in the accident. During the aftembefore the mishap, a plan emerged to attackiessefr
targets under the cover of darkness. Howevellliggace updates forced the Mission Leader to ietbr
the formation on a revised attack scenario. Duthrgflight to the target area, the lead Lynx begam
separated from the rest of the formation and radiotact was lost. However, the Mission Leader
believed he had correctly identified one of theyéds and had located a potential landing zone.inBur
an initial approach, Puma 2 struck the ground aldd over under ‘brown-out’ conditions as debrigsw
lifted into the air from the rotor downwash. Theceaft caught fire shortly after impact; two pasgers
were trapped in the wreckage and were later foorisetdead by a rescue crew. The damaged Puma 2
was destroyed in place by coalition forces.

5.1 Qualification for the Mission
Previous sections have described how armed foraes tised training as a means of reducing the risks
associated with the use of night vision equipmemtlew brown-out conditions.  The subsequent
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investigation examined the qualifications for thifphandling the Puma at the time of the crash and
found “It was not possible to ascertain his Niglgivh Device (NVD) category, as it was not obvidus
either his Log Book or his training records. Hsiclear that he had flown to NVD Cat B limits there
was no reference to any Cat B conversion coursénfpataken place. Therefore although not
theoretically qualified as NVD Cat B he had prov@mself competent to fly to Cat B limits and theka

of a dedicated training course, although remisg, rit play a significant part in his handling otth
events leading up to the crash” (Royal Air Ford@)7). The training documents for the Non-Handling
Person (NHP) in Puma 2 also “indicated that he f@tdcompleted the full NVD Cat B work up but he
was sufficiently trained and experienced to be etqubto carry out the NHP duties as required by his
aircraft commander” (Royal Air Force, 2007). Thewman onboard Puma 2 had completed his Full
Mission Qualification workup to a ‘high standarditithere was no record in his training folder ttegt
qualification had been awarded. “Neither is theerecord in his training folder of his award of N\t

B qualification”. The Non-Handling Person on Puthavas ‘suitably experienced and capable’ to
undertake his role on the operation. Howeverdoehtad not completed his NVD CAT B training. His
night tactical formation qualification had also a@rpgl.

The Board of Inquiry argued that ‘in-theatre’ expace made up for the lack of NVD Cat B training.
This argument is supported by relatively high freey of brown-out incidents during the initial stag

of any deployment and subsequent rotations (U.6F@ice, 2009). Aircrews seem to be less likely t
be involved in brown-out accidents the longer thaty have been deployed in environments where they
are likely to encounter these conditions. Howetlee crews involved in this accident did not alve

the same level of experience in these environmefite handling pilot of Puma 2 was approaching the
end of his first detachment as a Full Mission (e aircraft commander. However, he had
considerable previous experience as a Non Han#largon with a total of 1,700 flying hours and aun
830 in the Puma. The Non-Handling Person (NHMuUma 2 had around 430 flying hours on the Puma.
However, he had only recently been deployed to &rad)had limited opportunities to familiarize hiise
with the rest of his crew. Similarly, the pilotpn-handling person and crewman on Puma 1 had only
been together for six weeks at the time of thedmadi These findings are particularly significgivten

the emphasis that many military organizations daeipg on mutual situation awareness and inter-crew
communication during brown-out conditions (US Arr@entre for Lessons Learned, 2003a). RAF
doctrine and course descriptions covering the djperaf night vision devices also stress the naed t
provide aircrew not just with practical experienggng image intensification and infrared devices bu
also with a theoretical understanding of the urnyilegl technologies. Brown-out incidents have shown
that past experience in a combat area may be iourff to prepare crews for the particular demahes

are created when their approach options are tigtalystrained, for example, by enemy fire on an
unprepared landing zone.

The crews of Lynx 1 and 2 lacked experience of wagrkwith Pumas. There had been no pre-
deployment training between Lynx and Puma airanaft was there any ‘in-theatre mixed-type workup
package’. The Puma force argued that the riskin-deatre training were too great and that the
operational tempo left little time for such exeess This argument is supported by the observation,
made in previous sections, that the US Army hadentban 40 brown-out accidents during training
between the Gulf War and Operation Enduring FreeddAowever, more recent US doctrine maximizes
training opportunities to support crew resource aggment both within and between aircrews in the
same formation. For the Puma and Lynx crews,atbeence of mixed formation exercises and the
relative lack of familiarity between recently forchéeams undermined their ability to practice the
communications that are vital to maintain mutualiation awareness. The MOD has taken steps to
address many of these issues; for instance by ctindwcloser audits over the training records offiRA
pilots. They have also increased the amount aftjpe Joint Helicopter Command aircrews receive in
the ‘desert box’ rolling landing techniques, ddsed in previous sections, for example as part of
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Exercise Jebel Sahara. However, this accideatlgleeveals continuing areas of concern in terifins o
aircrew training and preparation for the interactlmetween brown-out incidents and the use of night
vision devices.

5.2 Mission Planning

The initial mission briefing provided generic infioation about the weather, light levels, intelligenair
tasking orders etc. It also provided an opportufit the crews to conduct detailed formation piagn
for night operations, including the developmentohtingency plans for brown-out landings. The fact
that this planning did not take place should nobber-emphasized. Those plans that were developed
had to be considerably revised as intelligence wgsdéorced major changes in the mission. A furthe
problem was that several key members of the aicmere missing during the briefings. The accident
took place on the same day as a change in theemrgig rotation. In consequence, servicing hadke
place earlier than might otherwise have been erpeectt the start of the aircrews’ duty period. Som
crewmembers had to support the engineering teathe aame time as others were taking part in nrissio
briefs. These absences together with the uncértaiver the NVD status of crewmembers may be
symptomatic of an ad hoc approach, which althougimdy be understandable given the operational
tempo, reveals underlying concerns in the planaimgj staffing of missions.

The final mission planning was conducted by the Mtamdling Person of Puma 1. He was too busy
planning to attend some of the mission briefingd anguably could have been better supported by
members of the other crews. However, as notediqusly, some were still helping to service their
aircraft.  The investigators concluded that altffiouhe plans were well made; ‘there was much
confusion as to the exact nature of the targetasmisthe number of landing sites that were to bied,
suggesting that there was a great deal of confuginangst all parties’. The final air mission brief
summarized all of the potential target sets anctritesd the final roles for all of the aircraft ihet
formation. Two additional Pumas, 3 and 4, werbddield as a Quick Reaction Force.

A new mission target was identified while the cremesre moving to their aircraft. This urgent new
operational requirement seems to have obscuredatitethat the crews had not received an adequate
briefing. This may in turn be explained by the laay in which final mission authorization was
interpreted to permit such ad hoc changes latéénptanning process. In consequence, the Mission
Leader briefed the rest of the formation over thdia. This new tasking required a far more demamndi
sortie profile that the mission that had previousgen planned and briefed. The aircrews may have
under-estimated the risks associated with ‘in fligitiefings without detailed contingency planseav
given the need to respond to a time-limited taoggtortunity.

It was dusk when the formation departed their ‘hoiaeding site but light levels were high. A nuenb
of obstructions were spotted during the flight. e$& included wires that forced them to fly highemt

he crews would have preferred. The Non-Handling®&eon Puma 2 reported high levels of workload.
Chatter on the Air Traffic and tactical radios fiéeed with his task of updating successive grid
references generated as the target moved posiliba.formation closed in, a couple of miles befine
last known target reference.

5.3 Closing on the Target

With around one mile to go before Puma 2 reachedatyet, it became clear that Lynx 1 had overshot
the South by around a mile due to an error in thawvigational equipment. The over-flight alerted
elements of the target forces to the potentialckttaln the meantime, Puma 1 and Lynx 2 failed to
establish radio contact with the missing crew. e Tmaining formation could now see that the carrec
target indication was now some three miles behimintto the North. The Mission Leader requested
infrared ground illumination on a known locationhelp navigate back to proposed landing area. y The
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then instructed Puma 2 and Lynx 2 to join Puma Jlaatirect route to the target. This left Lynx 1
detached from the formation. The Team leader ofigd forces was also on the Mission Leader’'s Puma
1 and together they conducted a rapid briefing cevesed approach to the target. However, therafir
were now deployed in an unfamiliar formation withaufull briefing and only the most rudimentary of
contingency plans. Some of the aircrews were néariyjed and all lacked training in mixed formation
operations.  Although the crews had experiencegha operational of night vision devices, their
theoretical training in the limitations of thosevid®s may also have been lacking. This illusgdte
argument in earlier sections that brown-out incidexxacerbate or expose underlying weaknessegin th
command and management of military operations.

The crew of the remaining Lynx 2 struggled to idignthe target using their night vision capability
during the final stages of their approach. Thibgrefore, decided to conduct an early overshoot.
Meanwhile, the Mission Leader had not registeredl#ttest intelligence updates on the location ef th
target and so urgently sought further clarificatiode assumed that the target was now locatedeto th
South. He, therefore, altered course at relatil@lylevels; these were often below the Radar Adtien
warning which, as mentioned previously, had notnbesset below the transit settings. Lynx 2 now
rejoined the other two Pumas having recovered fiteenovershoot. He remained at a safe distance to
assess what they were doing. The Handling Pil®wha 2 was also unsure about the intentions of the
Mission Leader as the target could still not benseEhe crew of Puma 2 now believed that Puma 1 was
making a final approach as their speed was furdduced. Puma 1 then performed an abrupt right tu
and radioed the other units that they were under fiThis was the first time that any of the uiéi
made visual contact with the targets. Puma 1 begran approaching a field adjacent to the tanget a

in a manner that made it clear to the crew of PArtfeat they were about to land. The HandlingtRifo
Puma 2 elected to follow the Mission Leader andilanthe same field, which appeared to be flat and
stable enough to support a landing.

5.4 Approach to Landing

It is usual practice for Handling Pilots to annoeie others in the formation that they are commiittea
landing when the performance characteristics oir thiecraft no longer allow for the maneuver to be
aborted. However, Puma 2 made the ‘committed’ daling a very early stage of the approach. This
made it difficult for the crew to judge the everitpeoblems created by the constraints on the lanpdin
zone and the brown-out conditions. Their decisdmake this early call was justified by their dedb
support Puma 1 as it came under enemy fire.

The dust cloud raised by the down wash of Puma riodstrated that ground debris would impair
visibility on landing for Puma 2. However, thigddiot prompt the crew of Puma 2 to revise theiarad
altimeter settings to provide additional assuraogeheir descent. The late turn by Puma 1 also lef
Puma 2 with very limited space to land — this rubed the rolling ‘box’ approach techniques that dnav
been advocated in US and British military doctrineln consequence, Puma 2 performed an almost
vertical descent from 75 feet. The degree of diffy was further exacerbated by a surface wing-00
knots. The handling pilot was so focused on thmatels of landing the aircraft that he did not reotic
when one of the troops began firing on the tarffets the right door of his Puma. The crewman dred t
non-handling pilot stated that this did distra@rthfrom their tasks.

From about 30feet, a significant dust cloud gatthexmund the descending Puma. Ground references
became harder and harder to maintain. The hangiiog stated that he was able to maintain visual
references throughout the descent. However, ‘thege of varying quality and mainly consisted of
moving dust and straw’. He did not arrest theiahitlescent in time and hit the ground. The result
‘heavy landing’ did not exceed the 3G limit thatwa have triggered the Helicopter Emergency Egress
Lighting System nor did there appear to be anyctiral damage. The collective was not lowered and
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the Puma maintained around 10 degrees of pitchrtlyFa consequence, the aircraft continued its
forward motion. It also began a rolling oscillatithat increased as the aircraft slowed. The agdl
pilot was concerned that the Puma would roll ovile decided to overshoot the landing without clear
visual references. The handling pilot reiterateat he chose a level attitude for takeoff but dit verify
this using his instrumentation. He raised theemtive and felt the Puma start to climb. The loaimm
rotor RPM audio warning sounded twice; possiblyaagsult of the handling pilots quickly raising the
collective.

At this point, the Non-Handling Person saw a Lyatx.0 o'clock. He informed the pilot but considikre
that there was no chance of a collision given thelimtive positions. The pilot also recalls seeting
Lynx through the brown-out and became increasimgigcerned that there was a danger of collision.
The non-handling person stated that he did noktthirs was likely. However, the pilot decided talth
the climb and carry out a level transition intoikontal flight. The intention was to gain airsgesnd
move the aircraft away from the dust cloud. He wdiad check his instruments nor did he establish a
visual horizon (RAF, 2007). As he began this nevee, they reentered the dust cloud and lost alladi
references. The Board of Inquiry argued that digsriented the crew to such an extent that thelyda
accurate sense of the effects that their commasets aving on the aircraft. As the pilot begatete!

the wings he felt an accelerated roll to the riglith the noise and control motions that might be
associated with the blades striking the grounde @incraft continued moving to the right while more
dust began to block out all external visual refeemn The crew could, however, feel the bladéisirsgr

the ground until the aircraft finally came to resime five seconds after the initial impact. Bothhe
aircrew had their night vision devices dislodgedimty the ‘landing’. Fortunately, the emergency
lighting system was activated to assist the egfems the damaged aircraft. As mentioned in the
introduction, the aircraft caught fire shortly aftspact. Two passengers were trapped in the vageck
and were later found to be dead by a subsequenigesew. The damaged Puma was destroyed in place
by coalition forces.

6. Contributory and Causal Factors behind the POase Study

The subsequent Board of Inquiry considered a watee of causal and contributory factors. For
example, they discounted aircraft technical failarel aircraft performance. They also excludedéepth
hazards’; there were no reports of loose wiresim d&ctivity. Enemy action, sabotage and frienfillg
were discounted. The rounds fired towards Purda ot seem to have hit Puma 2. The investigation
also concluded that the lack of integration betwdenLynx and Puma Standard Operating Procedures
(SOPs) was not a major influence on the incideimil&ly, it was argued that the ‘cockpit gradient’
which prevents junior colleagues from questioning &ctions of their senior team members, was not a
contributory factor. The following section sumnzas those contributory factors that were identifigd

the Board of Inquiry. This analysis provides aacldlustration of the range and diversity of urlgierg
operational and command problems that are exaeettmgt brown-out incidents using night vision.

6.1 Meteorology
Meteorological conditions contributed to this aeril The crew of Puma 2 experienced significant

downwind during their approach. This led to a logdift and a higher than anticipated rate of ddce

earlier than would otherwise have been expectedche ihitial heavy landing was, therefore, the
consequence of an uncorrected increase in theofatkescent caused by this downwind component.
Meteorological conditions also had a direct impaatthe brown-out. As the crew approached the
landing zone, they might have expected the dustdcto form behind them given their descent profile.
However, the downwind component created brown-audi@ions below the aircraft at a much earlier
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point in the landing than might have been antiggat The wind also blew debris ahead of the dircra
making it much harder for the crew to judge thaterof descent and attitude. Finally, the ingedibn
argued that the downwind component exacerbatedPtiea’s tendency to over-rotate forward during
transition and led to a nose down attitude thatsased the rate of descent.

6.2 Light Levels and Night Vision Device Performanc

The Board concluded that ‘The Op training directtates that all crews should be both NVD Cat B and
Night Tactical Formation qualified prior to Basiciddion Qualification (BMQ) training. The Handling
Pilot, Non-handling Person of Puma 2 and Non-HawgdRerson of Puma 1 were not correctly qualified
to NVD Cat B before their BMQ training. A review qualifications is underway”. However, the
subsequent inquiry argued that the performanceght wision equipment and ambient light levels were
not contributory factors in this accident (RAF, ZD0 The sun set approximately one hour before the
crash and the crews reported that ambient lighaléewere workable. The sun’s afterglow was visible
the second Puma’s 9 or 10 o’clock position butaswot mentioned as a distraction in testimonies af
the accident. It is noticeable that the Boardnofuiry did not consider the operational strengihsl
weaknesses of the night vision devices that weadlable to the crews. This is beyond their remlh
contrast, separate hearings in Coroner’'s courtseasingly criticize the UK MoD for failing to
adequately consider the operational performanddefquipment that they provide (BBC 2007, 2008,
2009). Coroner’s hearings give families of theiied and bereaved valuable opportunities to vtieg
concerns over military procurement. However, tlegiticisms often lack the detailed engineering and
technical input that is required to develop corcttve proposals and avoid future failures. Theran
urgent need to develop procedures by which theirfged of Board of Inquiry can be extended to
maximize the lessons learned from previous accidi@rd manner that is both technically convincing a
which elicits the support of all stakeholders, irtthg both surviving personnel and the relativearof
casualties. This is all the more important whemyrdefense suppliers only take a passing intenetbte
ways in which their equipment actually performs emdperational conditions (Johnson, 2007). Most of
the companies involved in the development of nighton equipment have no processes for gathering
‘lessons learned’ from incidents such as the I6sseoPuma.

6.3 The Dust Cloud.

The Board of Inquiry treated the dust cloud asséirtit issue from the light levels and the perfanoe

of night vision equipment. It was argued that figvels did not contribute to the accident, evssugh
the crew was wearing NVG’s for which they did natvha the full CAT B training. However, the
approach was conducted into a ‘significant’ dusbudl that robbed the handling pilot of visual
references; “Despite the crew’s utilization of thest UK NVD technology they ended up being climse
the ground but unable to see the surface due . diifis sentence illustrates how the Board viewed
night vision technology as part of the solutionbtmwn-out and low visibility landings rather than a
potential exacerbating factor in spatial disoriéinta In contrast we have sought to draw linksaeen
the spatial disorientation that has been identiisda key problem both in the use of night vision
equipment and in brown-out landings.

6.4 Disorientation

The loss of the Puma stemmed in part from the @istation of the crew. The Handling Pilot initiall
reported that he lost visual references at arodndeat on final approach. However, he subsequently
contradicted this statement. It is clear, howetleat he experienced some difficulty in judging rase

of descent and after the first impact was ‘flyidgpnd’ within the debris that was raised by the rot@sh.

He could not, therefore, judge the extent of thiesequent roll and this contributed to his decidimn
overshoot. His attention was focused on externabgather than monitoring his instrumentationisTh
made it difficult for him to obtain adequate viswaferences so that he could judge the rate oftclim
The crew was able to glimpse the Lynx but this alas in motion. Any references would be relative t
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the trajectory of that aircraft and could be vengleading. The crew, therefore, lacked the necgssa
information to identify the effects of any attempts transition forward. Arguably, they could not
determine whether they were ascending, descendingring.

6.5 Terrain

The landing area was relatively flat, however, #swcrossed by a rectangular grid of irrigation haitc
around 2 feet deep and smaller furrows of arourelfoot in height. It was very dusty. There was a
significant risk that an aircraft might strike onéthese ditches. The subsequent investigationearg
that “if a thorough recce of the field had beerriedrout, these features would have been noticddaan
appropriate landing would have been chosen to aaoi run on, making oscillations (following a
ground strike) unlikely” (RAF, 2007). Of coursany decision to reduce the run-on would have
correspondingly increased the likelihood and coneages of a brown-out by further constraining the
use of the rolling box approaches that have besnorited in the opening sections of this paper.is Th
argument again stresses the need to look in madil @g the complex interactions that arise under
military operations; where a change in tactics migiiuce exposure to one potential risk while at th
same time increasing the likelihood of other hagar8y trying to avoid the terrain hazards throagh
vertical descent, the aircrews would increase trggdrs of a brown out landing.

6.6 Approach Profile

The landing area was seen by the crew very latearapproach of Puma 2. There was also pressure to
land when they observed the tracer close to Pum@hke handling pilot may, therefore, have felt very
constrained in terms of the potential areas in twvihie could complete a landing. This led him tdofwl

a non-standard vertical approach profile that viregppropriate in dusty conditions as height judgnien
very difficult and references are very difficult tmaintain” (RAF, 2007).  In consequence, thedfiag

pilot lost the cues necessary to arrest the descent

6.7 Supervision

The fact that Puma 2’s handling pilot had not pdsse appropriate Cat B NVD training course was
included within this supervisory analysis. The Bbargued that this might have reflected a poténtia
problem in crew selection procedures. Howewemantioned, they did not consider the consequences
of this lack of training in their analysis of lighavels, weather and the impact of the dust clou@ne
possible consequence of this decision to assess biM@petency within crew selection was that the
Board rejected the handling pilots NVD trainingaasontributory factor ‘in itself’. Similarly, thaon-
handling person’s lack of training was also congdenarrowly in terms of the insights it providedo

the supervision of crew composition rather than‘slystems issues’ in terms of the interaction betwe
terrain, meteorology, NVD operation and approactetitory. The observation that the non-handling
person’s logbook indicated NVD CAT B competency wihe had not completed the desert environment
qualification was, therefore, dismissed as a cbuatary factor by the Board. Instead they argued tha
Handling Pilot’'s concern to reduce the inexperiehbi®n-Handling Person’s workload, by taking over
the tactical radio net etc, may have contributethtoaccident. Similarly, the Non-Handling Pergon
Puma 1 was found to be ‘incorrectly qualified’ fiwe mission having an out of date ‘Night Tactical
Formation’ qualification and not possessing the NZ&t B qualification. Again, these omissions were
not found to be contributory factors except thatythdded to the sense that the crews were workjmg a
beyond, their operational capacity; “the fact takt4 crewmembers were working very hard meant that
no one took stock of the situation and no one vaaning the risks that were taken’lf the lack of
NVD qualifications had been identified as a contributory factor in this accident then many crews
would have been grounded until they completed the courses that would become prerequisites for
subsequent missions. Thiswould have created heavy burdens on those crews that did posses CAT
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B qualifications at a time of rising operational demands. We must consider whether the risks of
deploying personnel without CAT B NVD training owdigh the operational benefits of tasking them to
use this technology on missions that have sigmifidactical importance for ground forces? This
guestion extends well beyond the Puma case stublye development of innovative technologies,
including multi-sensor fusion for the visualizatiohbrown-out approaches, increases rather tharcesd
the need for appropriate training. In the futdeaders will still have to determine whether thedops
have sufficient training and expertise to use tlsgstems in complex combat missions.

6.8 Operational Pressure

It is hard to underestimate the importance of djp@ral pressure as a factor in the decision to thisk
mission to the Puma and Lynx crews. There wasrgant need to get the mission underway and this
eroded the time that would otherwise have beerlaaifor mission planning. Changing intelligence
also forced late revisions to the plans. Ther ssispicion that had the mission been successadgls
would have been commended for improvisation. &dincumstances, however, it is clear that a refbri
might have helped crews consider likely contingesdiluring the approach to the landing sites. The
inquiry argued that after the loss of the lead Lytine formation did not know the disposition of the
target and hence ‘operational pressure both rehparceived was a contributory factor’.

6.9 Authorization Process

The authorization of missions provides a processhettks and balances that are intended to safeguard
military personnel. However, the formal missionpaqval process must also provide leaders with
sufficient flexibility to respond to changing infigence; environmental factors; resource constsadtt.
The standard format in place at the time of thisident was deliberately designed so that approieal d
not need to be written out in full for every sortimstead, pro forma authorization sheets weréd.use

this sortie, they were signed at such an earlytgbat the authorizing officer could not discuss limits

or nature of the task. It was, therefore, difficidr the authorized captain to explain those caiti
mission constraints to the rest of the crews. Mauilitary organizations now have an expectatiort tha
leaders will explicitly request briefings or ‘resetvhen they are unsure of essential mission paemsie
(Johnson, 2008). In contrast, the authorizatieeshasked the crews to do any tasking that theg we
asked to do without caveat or recourse to the cbla@ommand. The authorization process had evolved
under operational pressures to the point whereréfihoved the final check of understanding and
confirmation of crew suitability for the task atrttd (RAF, 2007).

6.10 Briefing Process

The failure of the authorization process to esshbihission parameters and guide crew compositian wa
compounded by the operational pressures. Tog#thee factors constrained the briefing processishat
intended to act as a foundation for mission safefhe briefings described missions that were never
flown; changing intelligence forced successive sevis to the plans. Even so, senior personnel were
missing from the briefings in order to completeesttasks, including aircraft servicing. This remadwan
opportunity to provide guidance to the less expedel crew members and, theoretically, alter the
deployment and composition of the teams. Quicki8&rders (QBOs) were used to brief the crews in-
flight. These may have been ambiguous — for imstaver whether Puma 1 or the remaining Lynx was
the mission lead. The QBOs were not passed oheadserve Puma’s 3 and 4. This is a significant
omission given that the Deputy Leader was in Pumal® reserve Pumas also carried more experienced
crews who might then have realized the complexity @sks of what was being proposed.

6.11 Formation and Deployment
The task of communicating Quick Battle Orders wasnglicated by radio problems within the
formation. This was said to be a common occurrensemething that itself is a priority ‘lesson’ ffino
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this accident. After the mission it was unclearetiter messages were not received, or whether they
were missed by crews dealing with high workloadogrthey were using other radios or that had the
volume turned down. Such uncertainty again undeslithe need for a more systematic review of
communications within these formations. As notesl/jpusly, Lynx 1 missed the target area and divide
the formation. This created uncertainty for Puratandling pilot about the position of the missing
Lynx as he attempted the overshoot. It also cdegitential confusion amongst all elements by
undermining the formation and mission brief. Cregmild no longer rely on de-confliction plans
between the Lynx and Pumas. The eventual deploymes based on Quick Battle Orders using an
untried combination of one Lynx and two Pumas. Tiature of the QBQO’s, the communications
problems and the failure to brief all crews on liilgence updates about the location of the targeted

to the risks associated with this formation. Buard summarized these findings by arguing thadréh
was a significant breakdown in Crew Resource Mamege across the formation with a low standard of
leadership and ‘followership’ being displayed ttghaut” (RAF, 2007).

6.12 Adherence to Standard Operation ProcedureBFO

After the mishap it was argued that the crew of Bluena had accepted a role that was not described
within the existing SOPs. This contributed to taek of clarity in mission objectives and tactitst
was observed in previous paragraphs. In particthi@ emerging plan did not identify an InitialiRto
(IP). In formation flying, these act as a rendemvand help to ensure that aircrews approach attarg
along an agreed route from a known location. dhiRoints also help to coordinate a series of final
checks, including making adjustments to the rattaneter warnings. These warnings are initial eset
route to a target to a level that ensures theyardriggered every time the aircraft crosses thggeund.
However, they are then reset for the descent idemding zone. The crew of Puma 2 never agreed on
the IP and hence they flew a beyond the transis@hdthout having set the Rad Alt to 25ft for theaf
approach contrary to the SOP for Puma dust opeatioAfter the accident, it was found that the
Handling Pilot directed the Rad Alt audio warnirtgpsld not be reset for approaches as a matter of
course. This decision was not questioned by theafethe crew and the same policy also seemsue ha
been adopted by others in the squadron. The gqubstboard noted that ‘this was not the view ef th
22 Sqgn training staff who believed it should beate25 feet for all dust approaches, without exoept
(RAF, 2007). This contradiction between officialDBs and everyday operations illustrates the
complexity of military accidents. The decision rtotreset the Rad Alt warning contributed to this
accident. However, the crews’ actions were alstvated by a desire to reduce intrusive and disitigc
warnings. There are further human factors corcarnen spurious alarms significantly increase the
workload on crews on approach to a landing site.

Local practices diverged from SOPs in a numbertbéoways. For example, Minimum Safe Heights
were not commonly calculated for this area of ofjena. The accident also found examples where
there were no SOPs to support crew operations.pahticular, the individual Standard Operation

Procedures for Puma and for Lynx aircraft did nedatibe what should be done during joint operations
This created considerable mutual uncertainty; eeitknew the procedures associated with their
colleague’s platform.

Table 2 summarizes the contributory factors thateweentified or excluded from the official Boarél o
Inquiry into the loss of the Pumda:he scope of this table illustrates a point madiaénopening sections

of this paper — military accidents are ‘systemtufas’. They stem from complex interactions betwee
many different issues. The diverse nature of $sads presented in this table also illustratesviein
which the additional demands created by operatigbtrvision systems in brown-out conditions can
expose a host of underlying problems in militargi@ions ranging from the documentation of training
and expertise through to briefing and approval gsses and the development of common SOPs form
mixed formations.
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t

Summary Detailed comments
Cause CFIT The cause of the accident was contrdligt into
terrain (CFIT) brought about by the handling pio|
disorientation due to the use if an incorrect téghe
for a dust take-off.
Excluded Aircraft technical failure

Aircraft performance

Light levels.

Other hazards

Not caused by loose objects, birikes incoming
rounds.

Supervision: Crew Composition

Puma 2 handling pilot had not completed Cat B N
course.

VD

Supervision: Crew Composition

Puma 2 non-handling person had not completed C
NVD course.

Supervision: Crew Composition

Puma 1 non-handfiagson incorrectly qualified.

Enemy Action,
Friendly Fire

Sabotage or

Cockpit Gradient

Contributory Weather Unanticipated downwind component on faggroach.
Factors

Dust cloud Inability to see usable referencesugh dust.

Terrain Lack of detailed reconnaissance.

Supervision: Command & Contrg

|Air Advisor & Tactical Controller inexperienced |
helicopter ops.

=]

Supervision: Crew Composition

Puma 2 handling pilot felt he had to reduce the-non

handling persons workload and thereby increased
demands on himself.

the

Supervision: Crew Composition

Inexperience in both the crews of Puma 1 and Puma

Supervision: Operational Pressu

re Eroded plantimg and left crews ill-informed o
mission parameters.

h

Supervision: Authorization

Conducted with suchadatgarameters that it removed a

last chance to establish crew suitability for thekt at
hand.

Briefing Process

Lack of full brief with all forrtian elements present.

Formation and Deployment

Decision to split thenfation undermined pre-briefe
deconfliction points and attack plans.

o

Approach Profile

Choice of vertical approach iateery dusty field.

Non-Adherence to SOPs

Failure to follow SOPs farstd operations an
especially to reset the Rad Alt to 25 feet.

Disorientation

Puma 2 Handling Pilot was disorézht

Table 2. Summary of Contributory Factors Leading to the L oss of the Puma

2
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7. Conclusions and Further Work

The contingencies and characteristics of asymmetdcfare increase the need to use night vision
equipment while at the same time raising aircreyposxre to brown-out conditions. The pace of
operations in Irag and Afghanistan has increasedded for helicopter support in areas well beytbed
reach of prepared landing zones. Changes in gestirtechnology, including the use of remotely
detonated IEDs, also encourage deployment underober of darkness (Johnson, 2009). Many military
organizations were unprepared for the demandsextdsnt these conditions. In consequence, most have
seen a rise in the frequency of brown-out-relatéshaps. This, in turn, has motivated technoldgica
innovations, ranging from rotor aerodynamics thfotmbinding polymers, from LADAR applications to
sensor fusion techniques. However, these areeaetigas of research and much remains to be done
before they can be deployed to support combat tpesa

The opening sections of this paper have also destrhow Training, Tactics and Procedures (TTPs)
have been used to tackle the threat of brown-outsght vision missions. For instance, ‘rollingxbo
approaches have been developed to provide the fdringectory necessary to move beyond an initial
dust cloud. However, there may not always besitece available to prepare such descents given the
obstacles that litter many operational areas. efOthnstraints stem from the need to coordinatgites
with ground forces and with other aircraft. Theref simulators and drills have been used to help
prepare crews for the spatial disorientation amddiss of situation awareness that can arise dtiniege
incidents. For example, the US Army has introdutte Night Vision Goggle Power Interrupt Device
(NVGPID) into their aviator training programs. ingtors can use these devices to induce the éadtir
night vision equipment to simulate debris from ret@sh during take-off and landing.  The intentio
behind the NVGPID program is to help ensure airsrétsain to continuously scan, and to train the
ability to rapidly adjust from outside cues to mshents” (Gant, 2007).

The opening sections of this paper provided anvieer of the interaction between night vision and
brown-out accidents. In contrast, the second-bedsented a more detailed analysis of the particula
ways in which the disorientation associated withhhivision equipment and brown-out operations can
combine to expose underlying weaknesses in militgrgrations. The focus has been on the complex
causes and contributory factors that combined dutie loss of a Puma on operational duty in Iréhis
mishap was triggered by the crews’ loss of situatiwareness. However, the immediate events leading
to the accident stemmed from a wider range of taigsues. These included operational pressures,
distractions as the aircraft came under ground dsewell as the loss of spatial awareness during a
brown-out while the crew was wearing night visiaugment.

The official Board of Inquiry into the loss of tiRuma revealed a number of issues that, although the
were not identified as contributory factors, donfioa stark contrast with the doctrine and practioes
other military organizations. It was not possilide the investigation to use the existing logs and
training records to determine the Night Vision Devicategory of the handling pilot of the aircraft
involved in the crash. He had flown in operatioeguiring NVD Cat B conditions but there was no
reference to any conversion course intended taglrim up to this level. Similarly, the Non-Handjin
crewmember of the Puma had not completed the /MIDXCat B training. Nor was there any record in
his training folder that he had completed his Milssion Qualification. It is difficult to argue i the
Board’s conclusion that the lack of NVD trainingsagither a cause or contributory factor. Theysites!
that the operational performance of the crew deinatesl that they could perform to NVD Cat B levels.
However, it seems clear from the initiatives inestimilitary organizations that more could be dome t
train crews for the demands created by brown-outitimns. These initiatives will never be effeetiv
unless better records are kept of the training #ir@tews have received and that these records Ineust
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used to inform mission tasking. Unless thesecisswe addressed then there is little point ingting in
TTPs for brown-out conditions in NVG operations.

The causes of many of the incidents describedignphper can be traced back to the operationaldemp
in Irag and Afghanistan. Incomplete training arattial records are symptomatic of the common
pressures on UK and US forces to take on significgerational demands with finite resources.
Ultimately, these pressures are a greater threat tthose associated either with night vision opamat

or with brown-out conditions.
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