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PREFACEL

Neck ingury from sxeessive toree may become more commuon wih the extension of high-aceeleraton pertormance
envelopeand improved escape sysiem operatian in teining and combat gneraft, The mtraducton ot helmer- mounted
cympmnent mas turther increise the osk of injury bom these sautees as well as rom acadents v both fised and oty wing

anrcraty

This Symposun diciissed the extent of this ash and s contiol thiough the desen of beimet- mouiied desnees,

proteeive systemy and nrerew tranmng and condinoning.

PREFACE

aton de torees excessives risguent de devenar de plos en plus couranites asee

1 ex fesons du cou resuliant de Fappiie,
tron dans ke deniune devol et les amchiorations gui seront appartieos av

Vacerossement des pettormances et aceele
fonctrotmement des systemes devacuanon des avions dentramiement o de combat Ladoption de mmatenct monte sur e
“asqic pourtt aggranet e risque de lesions againt fes sicmes origines amnst que te nsque dacesdenis survenant auy acronets it

varlute e e vanlure tourmanie.

Ce Sympostan a examind Fimportange de ce tisgue mnsi que fes meyens qui sont amettie eo ocus e pour e matiser
pat fe bas de L conception des disposants montes sur fe casque, Jes systemes de protecnon. ¢l tormation ¢l preparstion

psychologigue du personned nas gant.
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TECHNICAL EVALUATION
ALROSPACE MEDICAL PANEL MELTING
"NECK INJURY IN ADVANCED MITITARY

AIRCRAFT LNVIRONMENTS”

D J Anten
Royal Air Foree
Tustitute of Aviation Mediciue

Now an butlding of charses Ty ou what,
There v aiviays somicniore e woakost spor,
In Lol e felloe s sping os theth,
Inpanct, ot crosshar, o ooy, e sill,

In sciew L bolt or thoroughbrace.- burkiog sell

Frd 1t wem

i oo UL aNd Wl
Above o below, ar warthia or without.-
And that's the reasen, beyond a doabr,
That achase regas dowr, bt docss ™t weur ong

Fiom The Deacon’s Mastrpiccr
The Wondaful Oue Hoss Shay”
o Wen fett Hatm =y [ 1304 1803 ]

The 67th Acrospace Mediea! Panel Meeting and Ssmposia were heid in Mumch between
24th and 28h Aprid 1hxu. Iwu diys of the meating were devored o the topie ot neck tmjun m
advanced militan wireratt envitonments. The theme of the mecting could he summed ap s i the
nech the weakh hinkan the lngh G envitorment” Two sessions were held: one on sprdeanaology
ar fpathology. the second on the dynanues of head and neck motion. )

Epidemiolagy and Pathology

Like ke ordimany chane reteired 1o Oliver Wendell Holmes's poem, the human neck s
stasypubie, it apprupnately stressed, to breakiog dowa This preghdown can tehe the for at
cither vertenral Tracture or. more commonly, soft tissae ojuny. Unbike the chase, there s also
some evidence oost 'Fcu tiat the beanng surtaces of the neck might wein out as o result of
repeated sresang, \c.tilx\l seaston ot the meeting, on epidennology and eathology, contained
EIVE Puapers Liral 1OV Igw el TN evide Hee 1o the occdirence of both acute and chronwe neckh oy
lugh pertormnee wireratt Two papers were desoted to radiological imestiganon of the verdieat
spide and data anadyses o cenvicad tanea and a third paper reviened electronystagmaographig
indsigs fellowing cervicit imjun :

The data presented showed thar o significant prohlem evisted with neck pan and mjuen n
high pertormance atreraft as compared wite other combat witeraft. Authors reported incndences o
ceivicabingury between 30-5007 ot the exposed aircrew popalation, The more agile the aneratr,
the preater the aumber of airerew reporting symproms. There was contlicting evidence on tiae
eftect of age on the adence b iy, Tnjuny appeared o be more prevalent i the g
emvironment. although thic statement may retfeet the effects o mevperience, and the greater than
normal exposure of the instructors to gh G manoeus erning.

Scvetal uuthors remarkhed on the importance of nech Mmuscle conditionmg as a means ot
prevevung mjury. Fhe tpottance of both Tormal physical tramamag programs. and nech mnsdle

warm oup” prios to fhght was stressed, althoogh no data was peesented analysuig the vakue o
ditferent training regimies.

A matter of considereble concern v the possibihity that repeated epivodes of traama could
lead to chronic degeneratwe changes in the cenvical spine, The Belgian At Furee Medweal Senviee
presented detanls of a cervical spinal sereening program where all prlot candidages ars Xevayed b
cnitic and atintervals of tive vears. The aim v to compare the rosults of Flo pilotcwirh a contral
group of pilots not flying the Fla. Such a survey is varal it the guestion ot wiether high-G thyiog
provokes cervical spundylusic is 1o be mmswered.” Similar surveys need to be done ina comparable
manner tn other Air Forces in order to obtain a larger database and raise the tevel of canfidence
in the survey outcome.
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Dynamics of head and neck moiion

The second session was devoted to twelve papers on aspects of the dvnamics of head and
neck motion and the use of computer wodels in head and neck motion simulation Two particular
topics were covercd: the response of the head and neck 1o flight acceleration and impact loads.
with and without the effects of added niass, and the assessment of cervical injury risk using both
coraputer simulation and biomechanical dummies.

A number of papers highlighted the considzrabie effort that is being made to define and
model the acceptable mass and mass distribution characteristics of aircrew helmets and helmet
mounted equipment. Some of this work is based on computer sinalations of neck response that
arc validated against live subject experiments in the range of voluniary tolerance. This work is
always difficult to extrapolate into the range where injury is expected and cadavers have been used
to expand the experimental range.

The results of computer simulation a[;pcnr to he rather conservative in the prediction of
cervical injury risk in impact environments. There is still « need for further careful and thorough
studies of the cervical spine in accidental impacis!

The paper by Tarriere et al reviewed the occurrence of ccrvical fracture i road uaffic
accidents and in a series of cadaver experiments, and concluded that such fractures were
extremely uncommon, particularly in the absence of head injury. This ohservation cchoes the
comment of Goldsmith and Ommaya ﬁl‘)M) that the cervical region is less frequently traumatised
in impacts than the head. Of topical interest was Tarriere and his colleagues abservation that
women ran a twu to threefold greater risk of neck injury than men. Thiv finding vas not
elaborated on hut may reflect the lesser muscular development and smaller vertehral sizs
gencrally seen in women.

Conclusiot

This was a useful meeting that that served to highlight the need for two particular areas of
research:

1) Further studies on the epidemiology of acuce and chronic  neck injury  arsing
from in-flight manoeuvering loads.

2) The continuing need for improved understunding of the mechanisms of neek injury
onimpact.

References
Goldsmith,W, & Ommaya.A K. "Head and Neck Injury Criteria and Tolerance Levels.” In The

Binomechanics of Impact Trauma, Ed Aldman,B. & Shapon,A. Elsevier Science Publishers BV,
Amsterdam 1084,
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RECK INJURY IN ADVANCED MITITARY AURChHART
- MY THEONML NS

D0 Anton

Institute of Aviation Medicine
Farnvuoragh

Uniited Ki

Koyal Aivy For

Introdaction

in the field
erest in the effeets on the
tevt, divected i resont

¢ fatipue and naxim

The advent of high pertformance aircratc has prodaced a series of challeng
Nt airirew proftectiocn. Anongst these has Lven a prowing i
neck of additiosnal o on the head; ang incrveazed effert ha
years towards the develeopment of light weight helmots bt min
head pobility under higher l2vels of airceraft acceleration. Thiv trend to lighter
woeipght helnets was welvomed Ly those charped with the evaluition of escape sputems, as
coticern hd heeh velced that the new peneratiosns of ejecticn seat might caRuse moere neck
fnjury, duc to the Lipgher forces impeced on the seat occupact by redacing the time vo
full parachute inflation.  Lightor welght belmets would theoretically help to reduce the
injary rick.

ed by
little relistle
‘U that head and neck injury wad a signiticant problen on "withia
ont 2 madern vjectlon veats

The concern abeat the problem of neck itjury on cojection was partially addres
AGAKD Working droup 11, tut their 1ytb report gengluded that: "there was
evide
envel

As A contegurney, bowever, of the backgpround work te the w5 11 report, instances wese
poted of cervical aracture cocurving in flight; nermaily wWolving the utawure rrows

vhberr,
and generally following the application of high nanoeavering loade as part or air combat,
or to aveid birds or terrain.  These olservatio Hiave boeen msgde in the Unitea States Air
orce, the Royal Norwepion Alr Fovee, ane the Hoyal Alr Force, supgesting that the proatlem

W IT ety o e Bt = . .

Py o

is more commen than had pievicusly been realised.

With the deployuent of ailreraft capable of susteined bipgh=3, cverplaints atout dcately
stift and paintul necks also btecaae more oo Anxiety was expresced by clinicians
invelved with the treatment of airerew, that repetitive vertetral tracma migh* lead o
an dncreased prematare appeatuan e orf cervieal ostecphytes, and that in tau 1iyht leaa
te the affected alrerewnan tednyg withdrawn presalurely fram fast Jol tlying.  Ac a
cerollary to this, arguments were raised for intraducing spinal sorecuing of aircriw
candidotes in tnose countrica whove suach a procedare was not aliready in place.

Tue introdaction of right vision pogeles inh helicopters aud o cguettiy in fant jJets
and the postulated introdiction ot helmet mounted sithtlng and display svatens,
threatened Lo reverse the trend towards lighter helmetls and exacertate the injury risk.
Miscussion took place atoul the balance btetween oper: ticval need arnd satety, and it

o2t 0w v oor ouseful data existed te indicate either matimum allowacic
added mass on the bhead, o what wers the adceptable head mounted mass Aistritution
characterintics,

Ledame Gy

help in analysing the mase implicaticons was avallable from computer rnodelling, tut
ay of these models suftfered frop the limitatior that they tended te deal ond i
shear and torgue forces at the cranie-cervical junction, and with a limited number of
elflevtiv of paoc aiters=pezsterier tending (flexinn and ext *=siond,  wWhat enidemiciogpical
duta were avallalle supposted that gheor and torgue injuries at Ui/c were rolrtively
uncommon, bul freguently fatal: simple comprevsion yractares at ) leing more the notm.
Furthernore, the madels wepre only olalmed o bte predictive of struztural rather than
sort tissuc damage, although the soft tiusuwe injury might bte of greater operational
consequence, in that It might 1lmdt the namber of alrerew fit to v at any cte time.
It had become obviogs thal Lhere was a need for coneideratle turther in:ormatior, and
alse @ necd to develop some form of classiricaticon with a view to mere jrecise derinition
01 vescarch requirements.  There was a furtl=r urgent need ror epidemislogical and
accldent reconsuruct ion datia to validale the computer modelling.

S¢
T

Clascification

The following is orfered as a working classitication of necx injuries in alrerew, it is
by no neans cowprehensive, and it is argaable that complete or partial lipamentious
disruption shculd be included with fracture, ralher than bed:ng included under the heading
ot soft tissuc injury.

1. Acute
a) soft tissue necw injury, includéing ligamentous disraption, arising in-flight.

b, wvertebral fractuve arising in-Clight.

c) soft tissue injury arising from acute loading in c¢rash or asdisted escaype
environments.
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injury jnothe M1t may btoe exacertiated Yy the sitting porition, which cecause of tihe
sacction Scat Pegeires a compengarory rlexion of the cervical spine.
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Vol Teck L1wdr) rerorted ona ple of 4t pilots fiying three aiverahy Ly
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Kotrastare arising in-tlight,

This ocubdoet oot condiderat Te o dnterest since the fractures that Lotepaerten

bave occurred an ry muche lowe s aceoloration levels than wre oouverntinnoliy ac.

te Peguired 1o proveoke Injur,.

, bBave reported o rvical frastar
anderaon Tep ey Ty] 1vai of the circy
sutygeot. rivi a mixed exe roive, lnclaling an intercopilon, Trom b
back seat of un FIbB, hands over the control of the alverart we the Iront
Followitg thic, tte fiight surgesnh pelayes in his Sohead
Bis left tiiulder to look Uor the opronent.  As he ront red AU Y
i itutes an 85 eliecting tarn,  The rlight surpeon is cau comp letely anawares
tarily Josiny conscloutners, and hids next recollectld O beiny jatkuited in the
eder suetained hiqth Go The Tiight s o :
landing naucea and necys pain developed.  Equivocs:
Sion Iraciure was obtalied, together with Jdenge of UH7L lTiwanenious
by disc space widening and minor posterior siipjage of C4 o with pespest
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It is of ne surprisc that 10 iojuries liwe tois ¢an ocour as a recult o
they do nol Qaoutl more COomCnLly 4% @ re.ult of emergeney eso

in=rlipght loaas,
, Folh tho
thi, o an

iated witn

-
ape. Clearly
irlcantly exceed

pedk O and the onset rate for Andet.en's case do nov oig v
telow those acsc

o1 Corate of 6-106 see-1, Uigures that are comfortatls
CSCAPe SYSUER unLge.
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Sohnorl (19710 considered the question of vertetral frazture fellowiny minor trawua,
noting that at times quite wineor Lraums ray cadse cvollajce of 4 healthy vertetra. He
was 0f the view that the uncoorlinated contrasiion of various grouys of tack ruscles
witn resulting paradoxic fixa*ion and rotation of the spine, ajprared te be the

-
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mechanica tespoensitle, Sehme-l oaleo noted that pain gad other tearoloepic
appeared ®me time CPlter the 'raamn, perhoape besause SF the delachoert of g inpacted
fragment, or the grsadaad de velopment of a hacmatoma, Thana, acu'e loadite ander hig
At cnset rates tha't approximare Cimes o veflox sontract fon, coup i=d with an ofit
position of thr neck, may Le an e clanat fon vor these infuries. 1 Cehecrl's exg lana-

tivn Qs corset, iU would sygpest that nesy fractare oceurring as a recult of intlight
Toada a |henomesen that 18 reiatively independent o helmet tess,

The -
althouph the more riap id oncet of aceel
forward at the tise of geatl Initiatien

AP remaing wnonswe red,)
the heaa bueitmg direoted

Stion O why fanh iniuries do net occur onoemeryon. o
ation, tepethsr with
may act

ed ¢

Jary arising from acate seading g

1o, Fort ot
environmet.

tr

1issue dnfary as evidenced by w et 000 rece port odeet ion, o craan,
ot Indeed at the minor level 1V ia proéatly seocommon that i
fregae: net jroperly decuwmentod. hoyal alr Force ejcective expericace vupeests thas
there 1o a minor neck injury rate of aprreoximately W, althonyh Lhis tomare hig
teen validat important that weve a2’ tuntion should aevoled to soft o ti
ury i Liob, an emeryer c3capre oo iy thin the sarve escape
CLVelop s UXpo 3 woaiverewsien Lo a treadiy ke own foreo eny . Fieotion te
prodide : intical intormat ivg that o Pl the Vounde of leration envira
1o be Ge rtjcuiarly ror the straight 4 level A of the cer oL Lest
datd, the circamstantes of the actual efectui churaster Ity of the Lead m lea
oQuilment ana Lhe injurs Come carn thus cor: ate i ortant epidemivlogical Jdata
tase from which genepral statenents o injun) carn be nade.

A derree of
is not

A few within envelope' efectlons are Tatal, and theie p Hallenge te both the
investigator and the pathelopist. 1t is extremely important that particular atteptien ir
paid to the pesaitility of nees injury ver whete the ovidence 15 that neck njury e
net the proximate cause of death,  Pirsedtion ofF the necx f¢ L1 consuming and provably
canict be Justified as a routd gatopsy feature, tut in those Caces of unexplaiingd
fatality on *within envel.pe' ejections it is sential that evidence of neek injurvy te
soupht 1t a complete Investizeti of the accident is te te made. T £ollowing s
typival example of the sort ur case that ocecur

185, {Anvon 1ysi The airorall wug ol of a pairs foriation. They bad teen
tricfed to do a loose artivic check at seme stage of the flight. At 40C0Kte i company
with the Tirst airaralt the fatject alreraft rolied o full el degreoes and thon roilea
i In the coeend reli iU pite dowt.  The nopy seen 1o detach and 2
possilly due te the rucket metor of the ejectivn zeat, win roen,  The oo
rros the redr seat of the rarjfest alreratft w20 vecovered diowned terneath an ajparanliy

norrmally deployed parachate. e hod not accompliched &1y poat edection dealle. snvesti-
gatiycn showad thot the alr “towig vawing rarkediyoat the time cotivn war Initiated,

which was protatly within envelspe'.s  Investigation &lso revealed cvidence of lateral

extractiot rrom the efection Seat. At autopsy the cervical spine and cord were dissectes

S

out, bat there wag nhoe evidence of injury to the brain, or spinal celumn or cord, althoapn
there was braising in the right pardavertetral nascles.  Other au opsy evidence itwicatea
thay death war due 1o Jen Lo ati that tie ;220 hauw radiea ooy tene

ary of Lic pest cguetivn surve gFave I'ise Lo the view thatl he nay bave leen
incapacitated av a resuil of the ejectiosn ferzer, In, casy, howover, the cave Laken
1o dissrecl the necik railed to produce positive evidence orf cord damage, 8ithowgn the
haemervhage in the paraverteblrar masclier showtd that the necr had boen sulbject to lraana.
This case hightights a further dirficulty in that drow:ing, as an asphysial d-atit,
Produaces Congertive changes in the brain that precliude deternination cof the efr
all out the grossest resnits of joertiol injury.

1d. Fractures arising rron 8tute loaging in ¢rash or assisted

top le owas speciricarly adiressed by AdAKD Werkiog Gro
avajilable revealed a wide variation ir tie repoerted inclde
ejoecticn,., Much of this variation wis gue to diftrerences in ¢
injury tetveen different alr Ferces, not all distinguisting in thelir rop 2rting
'within envelope' ejections and those outside safe escapre capyabiliiy. both the
the EAF reported incidences of severce or asscous neck injury of tetween 1-2% on 'within
enveloune' escape, the dnfuries menerally being simplo compueact ty S

has been written in the open literature abuout tne tyres and fregaency of fractures
aocurring In crashes, particoiarly ot heljcopters, Tiis avee is of cunsiderabls
interest since it might be expeoted that the addition orf added mass tor night i
display systems would change Lhe frequensy or types of cervical fraciures seen in fatal
acclidents.

Ceama M. oY oo

2. (hronic Injury

Schimorl (op cit) alse dealt wi the relationship between trauma urd what he termed
spandylosis derormars {csteophytosis). He poscd three guestions whivh have still only
been partially answered, psrticularly for the cervizal spine,

s
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a)  Porg traumatic spondyiosis detotmans oxisl without vertebral fracture?

bty Iowg Craumatlc spond:losls deformans occur 1t cauncetion with a
vertebral fraciure?

Ca. an existing gencralised cpoendylosis deformans exiccrtated

traga?

The concept of chronic degenerative discase of the cevvical opiie arising as a consvgivnce
¢f elther bihl] acts of major trauna or repcated instances of m inculy iun commarn.
Sehmsrl abrormalitizc in the peripteral fibres of the aunnlug ribrosuc as Lhe
'mxtiat‘n; 2 ‘. He sugpestod that breakdowh cocurr2d at the cite abf Lhe outer annualars

Pes atliat Lo the VLrtLP:ul rim, Th.s allowed aispla of di1ce mateorinl
;"‘d;‘ln, in cvuriyinf Ieugxlull - , @nd Strecs oat the
sive € Uhe vortebra.  Osteophyte: Lodr velep av thece
SLreSsed areas, locked at tne wifect verlran taclear h:rﬂ w-
tion in ractits. at technigae of venlral notlear herniatian of
the Tuamtar iacly Alud.'“ woicophy whish aroce frem prol iterating
arnular fitres utgerwent melaplani L0 certiiage, caleified, and then
chianped Lo octwophyles Lhroupk ar endochondral essirication suguence. A11 oF toe experis
Lal work that Lecin condarted appoars, hewever, to relate ondly 16 the luntar spine
aus it is net cleer te what exten! the findings can be extrapolated Lo the neck.

Sorl ralses Lre questicn spondyionis delormans being exacertated, ot

cven cagswd by trauma, criy This appears reasonatvle az all thc uv:;l)llu
cvidence reints to the diceace arising a resui' of lccal chanyes. It is true thal
T onw Jovel somc, nerally more elder individin T

a peneraliced diseags cecurring 4s a

=

in f‘l\':\:c

the interverterral 4diccs of the cervical spine are cliso Tormorn,
gu ool 0, and arfec 70% of paticils over thoe are of 79,
fLe Yaima ev al e mnst commenLy in'.'alx':-d cite Intervertetral dioe
*

L, followed b

belng vhe po ot maxi .Inocemraly,

interveriebral i =77 level ic lu_ often arfected, }1‘qu.q~1 d
cranges 0stur J ¢f Lurctka and orteouimturitis of the
i oalvs rere 1idle and lower corvical spine.

d. Zhror ative difeasse (cervical spond

2 CHPOTUTY
alroraft "1:1]]"(_\1\/L‘I lr.g leads.

from

¢ desencrative dictesse (corvizal
i alrerart ejesticn.

Aoe Lartaiend

Macirnzic Cre (197 7)) proviced filpurer tnad chow d than sne 1nzidence of radiologi-
didagnesed cc cal grondy:oviv (spondylecis defermany) is Ligner in RAT pliots o X
civis ]CIJAdvlbh. Surrecuany 1y, Anton and Cave (B3%4) cordacted an analycis of
i viem cervical Xraye of LY airerew :pusthld,.ll Trar

for selocting ao o dwLtclew tiout Tl o
(O]ldﬁlhc cla: for the analysis ol LUl a

0. No cvidunee of change (Lormul).

la. Mindmal lo of 1ordn

aniser minimal 3dizc opasc

posterioryy ofo the lateral lip of uncove ctovral Jol

2. Medurate. C
LG 0steog by

cveral levels, ¥Maried dise space narrowing.
o nLeurs] reramlnac.

ere. Two or more levels invoslwed Ly larvge octeopnyt<® and murked disae
§ 19U BEUToWing.

P

irited ne evidence of change,
mean age of v rroap hxr 3.
a/-;.) ¥ d 7D airvive wuiveved i < Ly
wean age of 2000 WAV air rcw T e 2090 airertw Tarvey,

St ‘,-u.~~ vru (Lolton ev al 197%). Fa» fewer Xvay chuanges are noted iu tnis Jater
group thun i Ma ivinal ors ations, which cuggusts a need towh tor
reperat obtservati d countrole,  1f the Arton and Cave fipures are repiroe-
santative, a larger sample Lnan 1o available trom BAF fasy jou aiverew would be reguired,
and Lids Lelps Lo make a case for joinu stylivs with othwr Alr Ferees using agreed
poetonols.,

Chiewead
Ciars wh

HSENTRY
ic simdlar to the

Alentinan 19H8-

1t
5
n
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MacKenzie Crooks also olLserved that the ilacidence of radislogizal changes ol cervical
sporndylosis (709) wnrs much higher in aiecrew whbo had ejected; than in Lotk a reperied
surtes in clvitians, (Friedenturg and Miller 1903, ana in a contral serice of pilots whe
had nct ejected.  Vhis finding of an increased incldence of change in the group who had
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ejrcted weald zupgest that trazma to the cervical spine i indeed cummon on eiection and
carries a lcuy term scquel.  Woether, however, these radiclopyical changes are clinically
signhifivant in airerew remiins tc be estatlished, and it would te useful to sue a repeat
of MuzKenzie Crook's st

2an be denicnstrated that flying high perfermance aircraft produ-es arn increased

c of radinlegicolly Jdingacsed cevvical speondylosis, the questi the clinjzal
siguificance of the finding stlll has to te addresscd.  Xray changes frequoently occur
without clinical symptoms, and except in the caze of Jarge postericr osteophytes, which
could theorertically fractury under load and compromise the dntegrity or the i
the Xray finiings should not of themselves L¢ a reascn for rejecticn of the aircrewrman
from Ligh perfermance aircraft flying.

Preodictien of reck tolerance to trauma.

Tolerance eriteria for neck injury are not well established, a situation whkich centirasts
w.th head injury. Goldsmith and Ommaya (31984) 1list five reasous for this lack of
information:

1) there arce fewer investigations of neck injury, since the cervical region is
less frequently traumatised thar the kead,

2) necw injuries do not exhitbit the speztrum of severity as is the case with head
injury, injuriecs tending to be cither minor or catastroyhic,

3) neck responsc is crucially dependant upon the orientevion of the head and neck
and also upon the direction ¢f lead,

Uy no effective scaling relationship from animal data has been developed for the
neck,

To the above may be added a fifth rcason:

§) the much more complicated structurc and response of the neck does not readily
lend itself tc the development of either mechanical or mathematical analogucs.

Volunteer and Cadaver cxperiments

There is arn cneyclopaedic data base on the response of the hamar. neck, te predominantly
~Gx impacts, withir the range of accelerations that arc tolerabie to voluntecrs. Much

of tne credit for this must go to Ewing and Thomas and their colleagues at the United
States Navy Biodynamics Laboratory, New Orleans., Unforturatcly, Lowever, exirapolation
of these data to higher levels of accelerution is limited ty the non linear response of
the neck and the difficulty in prediceting the position cr the neck at the start of the
impact. Mertz and Fatrick {1971) undertock a scries cf exper.ments in which buman
vulunteers were subjected to static and dynamic environments which preduced non-injurious
neck respanses for rneck extensicn ana flexion. Cadavers wei2 then used to extend the data
into the injury region. Analysis of the data from the volunteer and cadaver vxperiments
indicated that the magnitulde of tne mement about the occipital condyles was the critical
injury parameter for both extension and flexion. Tne authers develuped neck response
envelopes Jor b performance ot mechanical necks in ficxion and extension, and tolerance
levels fur Lhe neck in filexion and extension. These are shown in Figares 1 & 2.
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FIG 1 HEAD-NECK RESPONSE ENVELUPE FOR EXTENSION 0
AKD VARIOUS TOLERANCE LEVELS
Redrawn from Mertz & 2&trick (1971} EIG 2 HEAD-NECK RESPONSE ENVELOPE FOR FLEXION

AND VARIQUS YOLERANCE LEVELS
Radrawn from Meriz & Patrick (1971)
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Some work has been underiaken lecking at the safely aspects of the addition of helmets
and olher masses to the bead.  Muzzy et al (1580 dezerive a series 2f -Gx acecleration
exposure experiments using Navy voluntee in wrhich the dynamic response ¢f the head was
measured as a functior of mass distritution variations. The kinematic response was
measured for each subject with no mass addition, a heimet and weight carrying frame, and
2 helmet with weights nositioned on the frame mid sagitally. There wus approximately a
30% addition to the head mass witn thece welghts. Computer modelling of the head necx
coponse was used te predict the severity ¢l exposure with mass additions. The Tcuullo
ot their investigation validated the models used for predieting mass effeccts and
that maxinmum angular travel was the first safetly parameter 1o approach the establ
limit threchold. (Two sutjects approached this limit at -6Gx with weights). Zubscguent 1y,
the condyle torgue load limit wis appreoached at -8C0x, again with abjects wearling
welighte.,  An import fina.ng of Liie investigation was the fa Jaue to respdl.sw
vzriabiili abjects, it wis not possible to define diszreet fipures for safely.
The ai sugRe th:l a scriL ot safety rarametcers have Lo Le adnere! Lo as sore of
the cement and torgace liults, wherecas ctrers did net

< ects reached angular dloplac
reacih any llmit at all.

Ju i3 of rote that current UK helnets ana OXyEer masks add a total mas
apprroximately 2.0kg, conmpered with the 15K added rmacs
Mu et al!

o 1¢ vhe head of
involved in the experiments el

Comf-uter modelling

the limitaciens volunteer experinent
iowards the use computer models cach
tates Alr Force Acronpace ¥edi
ntly in wte represents the need Sy tws parallel ithree dimension
ithese having nendivear vircoelasitic axial load deferpation
icties representing the cervical spdne-.  The otner olamert hat nonlincar tending
and iz ed Lc azcount for the ronlinear sLiffe
neci. (irivitzor ¢ oJeliecerri i4z7)

s, increcasing attention has been
tne hcad sp model used at the
1 Fesecareh Latoratory {(USAR

e
ing effectr of the noft tis.ucs of Lhe

vaiidation or ihie 4 spine model has cecn pursucd at AAMPL Por a nunm
votl; operutional c¢jeetion spinal injury cata d the comparicon of r
experinensal data,  Much of thio va 1tion has, how ver; necessari

onse of wWiiion

anLge of

Lthe 1 Lracned ar

Iinited r

¢ thorazclumrar
1 t Lhe e

It regreitably rem troc that altiough comru tal invights ine
tue mechanical behaviour of the reck, 1v i1z not yet oufiicicnt goxhl ‘tizated to te &
methed Lpon wnicn one can rely when COl\lﬂtAAEC the accertability of ani aztual piece o1
operational hicad mounted eguipment.,

chaniecal dunniles

An alternative Lo the modelling ap
tiie ary' ncek 1 ‘ntation. Cre
u[;'z and lower siz degree of frecdourn

al ong the three oruuobg :al axes ard the

Vaiuwable a3 Il ewialle.n fudevs tu tw swawuivd ute

is Lo usu so;
cxanple 1s tie B
Lransdacers.

icated dumnic
H 11 &

L\.‘AJ.ILI_A w
: asuren fereen
“hoa tocl is cliwvarly
: ¥ Inpadt Uohiiliviho aled
ariely o huau loai;ng cLates. It =till, however, 3o subect Lo L% Apown
deficicnedes in darmy neck bLehaviour ard ruquAlcq cRVensive validat o
volunt. 1 and cadaver exroriments toefore i1t 1s pesgible to tranclate
into meaningful a ‘ments 0f ri

Sveman:. et al (1938t) compared tao staniard Hytrisa ¥ 3 : i RV teer
response to ~1u6Gx impazts > z i vt

They cencluded that the 1
-x and sz, but has a remar
~X,*y impacts.
wore tricd ana r an lmprovement b
that a physical relocation of the model/nrcu tor:
duanimy =Gx rerponze.

At a

ot L
tor 1y ana

mUJLl]lJ Letweer the L,v'ld 11
i1 recponse. Tue moadoliirn
¢ 22int would reswlt o in oreeth

T a rurtiter paper Nuezy el al (1384 compared tumat ver. manivir hLeead and nec¥ responsc
Lo 4G acceleration, exp-2sing subjects Lo poak aeeclerations ranging from 25 Lo 326 ab
rates from 100 1o 12U04G.rec-1. : obtserved that the huméag, head response

cd T e yery sor citiye 14 3 i i . ™ t .
onte wire ot nerved witi, the 8

head and neck, arnd anather in w 1€ head exhivited significant cxtensien followed t

tlexilon.  The dunmy heaed resyot. only in flex It wos cuncluded Lhal Purther wore

v regaited analysing the effect of the iLiLiuJ [2oitien on head neck recronte.,

ariiy flexion of thes

of wore remilrs Lo L done tefore
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3 ¢f aua-d mass. Untorturately,
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Conclucion

Thic cverview or Jhe srepe of the protlom of ek injury in high pertormance aircraft
aircerew unaerlines the large gaps im cur clinical and biosmezhanical knowledge. It alsco
Fighlights the diffi-uits involved at present in giving the cengineers of helmet mounted
systems unamb.iguous incs ar tec maximum mass acd mass Jdistributicen charauteristics,
The advent cof sophis cad meunted systems offers a considerable challcuge ia botn
acromedical rerearch and equiprent design.
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ADSTRACT

The paper gives an overview of the development of the flying helmel from beirg merely a methed
of supporting a micrephore arnd headset to an integrated part of an advanced ajreratt's
avionics and weapon system. The operationrnal necds cf the roderrn fast-jet aircraft are dis-
cusscd ancd it is reasoned that the pilct must be cquipped with an 'electric havt' of some com-
plexity to be mission effective. Elvctronic and eptical technology is being exploited to the
maximum to give the pilol the data he requires, when and where he needs it most, yet still
allow him 10 survive phyrically his cockpit environment to fly and fight anothcer day. A com-
parisen beiween helmel mounted oquipment caepabiilities and the mass, ¢ of g and other
implicacions ¥s given.

INTRODUCTION

From the carliest moments in the history of aviation the development cf the {lying helmet has
followed the devejopment of aircrafi's flight capabilities, Originsaliy tre helmet was nceded
to protect Lhe pilot from the elements, and goggles were worn Lo protect the pilot against the
slipstream. Lalcr, when morse and airborne radic became available for a pilot tc commupicate
with the ground and olher aircraft in his formation, the helmet was the obvicus locaticn for
tho earpieces and the microphene. Noise altenuation could also ke inceorporated., Mission
eftfectiveness begar to rely €n head mounted equiprent.  As aircraft operating heights
incressed, the use of an cxygen mask enabled pilols Lo operate eificiently at altitude, With
the arrival ¢f jet powerca aircraft cane the requiremenl Lo escape at high speed.  The inven-
tion of Lhe ejection seat placed on heimet designers Lhe reguirement to protect the piiot from
airblast, canopy debris and hecad injuries. By this time the cloth cap weigning a few gramaes
had developed into Lhe 'bone-dome' with integral visors witn an overall weight of over 2
kilovrammes.

The weight of a British Mk 48 helret, which is the current UK flying helmet, is approxtimately
2.25 kg including Lhe oxygen mask. It is not uncommon tor pilots to pull 7 g in combat ard
reak loads in excess of this figure are by no means unusual and are likely to irzreasc as
alrcraft become more agile., It is recognjsed that any additions to the helret which might
improve his operatjoral effectiveness may well increase piiot fat!

at bustl or fncreese Lho
r.sk of more vermanent damage, Other papers in the conference preceadings address in a
varlety of ditferent ways, the effects the demanding ervironment places on the pilot's neck
and how Lhe epidemiology ©f neck tnjuries may be better studicd and urderstood, This paper
attempts Lo cxplain the operational necesslty for imposing further physiological demands on
the pilot and how cquipment desigrers are trying to mect the opposing objectives of a good
man-rachine intertace and equipment which will nct lead to temporary or permanent injury to
the pilot. An overview of developing technologiecs is given and an irdication of ITjkely future
tiends offered, The views exprecsea in this paper are those of the aulhor ana do nct
necessar ily represent those of the RAE or MOU.

PERFORMANCE KEQUIKLMENTS

' in this secltion an idealised cardinal points perfurmance specilication of reqaircments is
suggested for a generic helmet mounted display/sighting device. Without even considering the

actual tunction of the device, the phvsical characteristics place sevele constrainls on the
. desiarer

1 Mass Minimal (zero?)
Inertia Minimal (zero?)
Centre of gravity Close wo {cr behind) the ¢ of g of the head
Volune It must not impair pilot’'s normal head movement eavelope in the
cockpit :
' Cabling Minimum number and bulk. Interconnection via gnick release
Power Minimal. EHT generated locally i
Ejection safety Must not increase the risk of injury t¢ the pllet or ejecticn i
Eye rellef Consistent. with ejection, donning and deffing the helmet
Qbstruction ¥ust not restrict the pilot*s vigion
; Field of view Must be adequate for the task
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Visor Compatible with tha normal operation of the protective visor and
sun visor

Oxygen mask Compatible with uxygen mask

Brightne Capable of use in all light levels

Colour Coipatible with other cockpit devices

Focus The image nust be c¢ollimated

Exit pupil Must. allow for normal helmet slippage

Robustness Must ke pilot-proaf

A performance specification for a particular device would include many other elements in
addition to the above tactors. The net effect is a confused matrix of compromises which has
resulted ir the many variations in the hardware soluticns from different manutacturers, MNone
of tuem fully mect the above specificaticon but all provide the pilot with something of benefit
to his mission. The difficulty is deciding on the correct blend of ccmpromises for a particu-
lar device. It is not the intention of this paper to review the different manufacturers’
approaches to this difficult problem, but in the following paragraphs an overview of a variety
of devices will be given in the course of explaining the operational reasons for theixr need.

THE WEED FOR HELMET MOUNTED DLVICES

The design of the modemn flying helmet as typified by the Mk 4 helmet shown in Fig 1 has
remained fundamentally unchanged for a considerable period of time. However, as aircraft per-—
formance improves and weapon and avionie systems become more capable, the pilot's workload
increases and he has less time to make crucial decisions and carry out vital actiors. It is
essential that the pilot can operate his aircraft and its systems to the boundaries of the
flight envelope with efficiency during combat. It is vital that he maximises the time spent
looking outside the cockpit. These stringent and perhaps contlicting requirements are forcing
designers to locate data in front of the pilot's eyes no matter where he is looking.

The requirements of helinet design inevitably lead t¢ compromise: and trade-offs. Do we design
for maximum mission effectiveness at the expense of pilot safety? When docs safety in terms
cf protection against the environmrnt come intce conflicc with safety in terms of enabling him
to fight better and reduce his chances of getting shot down? This paper offers no solution to
that dilemma. Thes compromise between mission effectiveness and risk to the pilo:t is not
easily defined.

On the training side, is it acceptable for a certain percentsge of pilots to suffer Lemporary
injury as a result of training with a certain item of equipment which gives him a significant
operational advantage? It could be that by limiting the amount of g pulled when using that
equipment, tre rish of even Lemporary injury could be minimised, although at the expense of
reducing operational realism and hence, in peacetime, losing training effectiveness. The nore
capable the aircraft and its mission avionics and the more effective weapon systems become
inevitably results in military operators expleiting Lheir newly acquired advantage. To do
this effectively in wartime, peacetime training must be realistic. In training circles, the
axiom 'Train like we fight and fight like wa train’ has become a meaningful cliché. The
eituation is however, far more conplex and is beyond the scope of this paper.

CURRENT DEVELCPMENTS IN HELMET MOUNIED EQUIPMENT

This section examines some of the items of helmet mounted equipment which have been and are
being developed. Most of the items are fur use in fixed wing aircraft which is probably more
relevant to the theme of the symposium. However where eguipment specific to helicopter opex-
ationy is discussed it will be noted as such. The list is not comprehensive but will give a
good overview of likely trends as well as explaining the operational needs.

VISUAL HEWMET MCUNTED DEVICES
Helmet position senscrs

To make best use of helmet sights and displays, it is easential to measure the pilct's head
position. This data can then be used by the aircraft avionic/weapen system in a variety of
ways ay will be described later. There are various devices in existence, the ope which has
perhaps gained widest acceptance vperaiws wi slscirc-magneris rrincinles. A radiator fitted
to the aircraft structure, usually the canopy, emits phased radiations which are detected by
otthoyonally mounted coils in a detector unit on the helmet. This incidentally requires elec-
trical connections as well as the sight, but only weighs a few grammes and occupies a volume
of less than 5 cc. The signals generated by the coils are processed ¢ produce an accurate
measure of the helmet position, and hence the pilot's lina of sight.

Helmet mounted sic :to

Probably the first item to be appended to the modemn flying helmat was a sight. Designed to ;
provide the pilot with an aiming mark which he overlays on the target, the device has a fairly
narxow field of view.
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The pilot's line of sight intormation may be fed to the radar or weapon system of the air
craft. This technique is employed in the AH 64 Apache helicopter which has a chin mounted gun
vwhich can be trainied in elevation and azimuth by the pilot poirting his head at the tatget.

In the case of an alrcraft equipped with a missile employing infrared guidance, the muissile
seeker head is siaved to pilot's line ot sight to cnable the missile to lock onto the target.
when lock-on has been achieved the missile is fired and the pilol's attention can be turned
elsewhere. The operational advantage is that the pilot can effectively increase the manoeuvr-
ability of his aircraft and thereby improve the acquisition capability of the weapon system.
The important point to note is that there is no need to fly the aircraft so accurately. The
operational advantages are obvious. Fig 2 illustrates the concept.

Taking the idea a stage further, it enables the pilot to illuminate the target with his ysadar
by maintaining visual contact. The radar reflections then control a radar guided missile onue
the target.

A system similar to the one described above, known as VIAS (Visual Target Acquisition System).,
first flew in service in F4 Phantoms in the early 703 and was used in conjunction with Sparrow
and Sidewinder missiles. Fig 2 shows & helmet fitted with VTAS.

The type of symbology which will enable the tacks described above to be achieved can be quite
sinple and hence can be produced Ly a fixed reticle. Fig 4 shows a typical a.rangement.. The
format consists of an aiming mark at the centre of a circle which oefires tlie seeker head
ficld of view. Markers indicating the state of the seeker, caged cr uncaged, lock-on, etc,
are positioned at the extreme of the sight field of view. If radar is used further markers
showing the state of the radar can be included. Each symbol is illuminated as appropriate Lo
the status of the engagemont.

As far as the optical design is concerned, the light source can Le filament bulbs or, more
usuaily, an array of light emitting diodes. The imege produced by the light passing througn
the reticle is collimated and reflected off the visor by a secries of lenses and mirrors or,
more usually, a prism. The design of these elements is critical to the performance of the
device. Fig 5 shows a typical arrangenent.

The optical design constraints can be summarised by the formula below where Dp is the
diamater of the exat pupil, De that of the collimating lens, and dg the distance from the
luns to the aye. For a field of view 2A

Dg = 2dg tan A+ Dp .

For a wide field of view (large A), a lorxge exit pupil (Dg) . and gocd eye relief (dp), a large
diameter collimating device (large Dg} is the result. However, to maintain a low weight and

reduce obscuration, a sma}: collimator is desirable. This 15 the buoic Jdilemsa which results
in the range of prcducts available from the manufacturers.

In order te obtain a bright image, the visor must be an efficient reflecting surface in the
are2 vhere the sight image is seen. It is important that the transparency of the vaser is not
reduced or the pilot's view of the world becomes attenuated, To overcome this undesirable
characteristic, narrcwt Land or dichroic filter material can be used which is designed to
refiact the wavelength of the sight light source and hence tranumut all other waovelengths,

The net result is a bright sight imsge and little discernible change to the scenc brightness.

Once this concept had been shown to work, it was realised that by introducing rew elements
intc the format, a helmet mcounted sight could be utilised for other functions, For example,
oy introducing cueing marks, the pilot could be shown the direction an approaching target. A
posdible format for such a sight is illustrated at Fig 6. The number of different elem.ats is

now getting quite large and packaging becomes quite difficult within the constraints of a head
mounted system.

One way of overcoming this is by using an array of light emitting diodes to form a matrix.
Such a device is shown at Figs 7 and 8. The problen with this technology is that the 1 umber
of elemwnts in the matrix is limited and therefore the definition of thae display leave;s much
to be desired. Vertical and horizontal lines can be shown with ease, but lines at angles
exhibit a staircase effect as shown. However, an advantage of natrix displays is the.r
ability to show alrhanumerics although confusion of similar characters can occur if “he number
of elements in the matrix is limited, so the formats must be carefully designed. "he answer
is to produce ariays with smaller elements to increase the resolution of the divplay and much
work in this area is being carried out, but 3o far a matrix with sufficient resolution has yet
to be perfected for helmet sight application.
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Helmet monnted displays

The advantage of the types of devices so fau daescribed is that they can ba designed to be
reasonably small and lightweight. Most of the driving electronics, power supplies etc can be
mounted off the man, and the cabling reguirements are not too scvere. However, the trade-off
is that thaey restrict the infowmaticn available to the pilot. To provide tuil flexibility of
display, the cathode ray tube must be utilised. This ubiquitous device has Leen used in many
ways in aircraft, from radar screens of the 1940s to the present day 'glass cockpits' where
the primary instrument panel consists of several colour CuTs. It is o accident that cockpits
have developed this way. CiRTs allow full flexibility of display format, giving a multifunc-
tion capability to the surface. Alphanumerics and symbols can be produced with high defi-
nition and brightness using cursive or stroke writing techniques, or if imagery is required to
ba displayed trom an on-board sensor such as television or infrared, raster techniques can be
utilised.

The early tentative steps to incorporate a CRT on a helmet were fraught with difficulties, the
main being the development of a sufficiently small, rugged tube with high enough brightness
and resolution. Before head mounted CRI devices are discussed an explanaticn of the
operational need should ke given.

The flaxibility of format has already been mentioned. The pilot of the modern cembat aircraft
is normally equipped with a suite of head down or panel mounted instruments., and in the case
of more modern aircraft these are CRT baged. His primary instrument is the head up display, os
HUN, and from this display surface h2 will acquire primary flight information tugether with
secondary, ©or mission, data.

The display is switchable for a variuty of modes depending upon the phase of the mission.

Most HUDs have a general or navigation mode (as shown at Fig %), a bombing mode, an air combat
mode etc. If moding was not ‘employed, the display would be too cluttered thus denying the
pilot a clear direct view thrcugh the combiner. A typical figure for the HUD field of view is
25°., If the pilot looks outside thi:n relatively amall area he deprives himself of all flight
and mission data. In air combat and air to ground operations this could saverely comoromise
his gperational capability.

1lhe ability to keep an awareness of the situation all around the aircraft is the key to mus-
sion success and survival 1n a hostile environment., The phrase ‘'situational aw .reness'
applies to all aspects of military operations, whether low level ground attack or air combat
at higher altitudes. The continuous availability of data concerring the aircraft and its
systems while the pilot scans the sky is essential to maintaining situational awareness. A
helmet pointing system could also assisc in the low level navigation task by defining off
track way-poin:is, or rargets of opportunity, thereby reducing the pilot's cockpit worklcad.

It has been established for many years that to form an effect.ve defence in Western Europe our
pilots musl capable of flying throughout the whole 24 hour period. The development of
electro-optical sensers such as loa light TV, Night Vision Goggles (NVG) and Forward Locking
Infrared (FLIR! imaging systems has nrovided the means to aucouaplish this. Houcver, if we are
to operate by night as effectively as by day we must provide the pilot with the same visual
information by night as is available to him by day.

The above operational requirewents demand much from the helmet mounted equipment. The need
for maximum flexibility of format and the alility to display sensor imagery drives us towards
CRT based systems.

Table 1 gives an indication of the functions that might be required by a pilot on a helet
device and illustrutes the limitations of a simple sight and a matxix display compared with
cursive and raster CRT displays. It should not be implied that all the funciions listed under
a partisular device could be shown at the same time.
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Table 1

Dlsplay capabilities

Function Fixed format Matrix Cyrsive Rastery

sight display CRT CRT
LoS5 Wen aiming v v v v
Secker fov v poorly v v
Radar scan v poorly v v
Seeher lock v v v v
Radar lock v v v J
riroht data limited v v
Systems data v v
Cueling poorly poor 1y v v
Raverse cueing poorly peeriy ¥ v
FC imagery v

LoS = line of sight

The awvove table, which is not funationaglly complicte tar rcasons of classification, clearly

indicates the advantages of CRTs. Of course therc are diflerences between raster and cursive
technelogy apart from the latter pot having an Imaging copability, byt this is propbably beyend
the scope of Lhis paper. Having scen the theoretical aavantages of a CRY based display sys-
tem, some Of the harcdware offeriag those advantages will now be described.

Cne ¢f the first systems to be assessed is {llustrated in Fig 10, This was a monocuiar raster
Eos ru CuT and  cnseitea ©1 Lhe Lunwe In its housing together with the ¢optics to collimate the
display which the pilot viewed on a reflecloer mountcu in froat o1 his eye. The device was
heavy, Lthe asymmelric ¢ of g and the drag of tre <ables gave problems evern in a simulator
assessmert, It scems likely that the device would give severa probless under g ard duriang
eicction frem a fast jut.  However, the device did provide cxpeticnce in ueing heiret mounted
egulprent in the cocspit,

The device was part of an experimental system for hellcopiters developed at Farrborough

as RFDOWL (Remotc Eyes in the Dark Operatirg Without Lighkr),

In essence the pilot was
ped Wwith a helmet

rioynted CRT which displayed the jmagery {rom arn FO scnscr sticted in
directicn of his line of sight. The EQ sensor was mounted undot

the chin of the helicupter.

It is apparent that the weight distribution is asymmitrie,

the velume is large, ana edach eye
is provided with totally differen. information,

Trials involving a tixed wing aircrait have also vaken place avu bParnearough but utilising hel-
met movnted equipment ioaned trox the United States, The HIPSEOS programme
ana Polnting Systers for biestre-Optical Stekers) previded a usetal
HMDs.The experience of cperatina
problems that

(Helmel Imaging

tixed wing experierae of
hodovices liac Lhese proviged an insight to the Uypes cf
4 1o be overceme it helmet meunted display devices wore Lo becore operation-
ally viavle. The prograrmes not only provided tcchnical
duced some of the human factors

systor performance data, but intro-
leh nest be considered.

The display is essentially a miniaturc heaa up display (EU)) and consists of the tube and its
focussing and collimat ing lunses in a rigid ptotective tubular asseably. 7

Trhe dmage is reflicc-
ted cff a mirrored surface to the pilat's cye. The reguirescats demand a large field of view

together with a large exit pupil to allow for movement o1 the helmeu on the neaed,  These
requirements lead Lo the guite cumbarsome desigus.

Eye poirt of regard

Mention was made wvarlier ef the requirement for a head position sensing system and its use by
the pilot pointing his head to aiT a weapon. This does leaa Lo an urnatlurai mooe ot ofer-
ating, particularly when tracking a moving ta:gel when the Lendency is to follow it with a
corbinatien of hcad and eye movements. 1t 1s pessible to T wWheie Lhe cye is pointing
and avveral aevices are avaiilable although mainly tor workload study applications, They
operate In most instances by monitoring the corncal reflections of a spot ¢f non-visible
infrared light. AL the moment the technology needs to be improved for
but increased activity in th

design is available,

in service applicalions
s area Is underway in various countries. No doubt when a mature
its potential for improved aiming asccuracy will be tully exploitea.

Night vision goggles
Pernaps one of the earlier items to be bolted onty the L.y1ng helmet in recent times was the

Jight Vision Goggles (NVGs). Due to their relat ive cheapness and ease of installation they
found immediate applications in military hellcopter operations. [ig 11 illustrates a typical
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installation. Energised by battnries carried on the back of the Lelmet (counterbalancing the
geyglas) the device consista of a pair of imoge intensifiers configurod binoculaily. Thay are
fitted with an objective lens and an uye piece to focus the images individually. The inmgport.-
ant point to note is that the pilot can see an enhanced image of the visible spectrum wherever
he looks. 1In addition he can ses round the goggles to view his cockpit displays. The mount-—
ing acranjement allows for vertical, horizontal and interpupillary adjusiment, and they car be
parked cut of sight by swivelling them on the helmet. A quick release device facilitates
attachment and <detachment from the helmet.

In order that the NVGs are not overloaded by the cockpit lighting, special lighting and
filtering techniques must be used.

Originally used in the less demandinyg helicopter environment, they weighed approximately 800
gn including mounting brackets and bactery pack. It was found that they could be worn for
considerable time without undue discomfort, ¢ther than tired eyes perhaps. However, they soon
fourd application to fast jet operations where a boresighted infrared image on a head up
display complemented by the night vision wogqles giving a wide total field of view of the
enhanced visuval spectrun. provided a useful facility.

They obviously presented an ejection hazard and the weight and inertia was a siguificant
addition. Automatic separation in the event of ejection is available.

Human factors

Most devices available so far have been monocular, primarily in the interusts of mininising
waight and complexity. There is evidence to suggest that binocular rivalry has caused prob-
lems to some pilots. Most pedople have a dominant eye, the tendency being for right handed to
be 'right eyed'. All installations known to the author cater for the right eyed pilots.

The transferral of attent.ion from the display to the real world and the additional task the
brain has in disseminating the information provided from the different visual stimulae from
each éye may well contribute to excessive workleoad or even disorientaticon.

There are several advantages of providing 2 binocular device. Both eyes are provided with the
same stimulus which is the natural way the brain receives visual information. S5tereoscopy
provides the pilot with natural ranging cues, although true replication 1s not possible unless
the aircraft is equipped with a dual camera installation. A binocular device does however
incur optical dasign problems and doubles the weight on the head.

With a head slaved seasor it is important that the pilot is giver the cortect inage for his
direction of iook, nol only statically but dynamically. The turret in which the sens>r is
mounted must respond to rapid head movements otherwise the chances of disorienting the pilot
are increagsed. There are more subtle affects also, relating to the dynamic charactercistics of
a scanned image when visewed binoc