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PREFACE

This volume consists of a Sumsary, Preface, nine papers, dixcussions following each presentation
and & General Discussion with closing remarks. This AGARD/NATO Aerospace Medical Paunel Specialists'
Meating was held in Copenhagen, Dermark, 5-% April 1976. i ’

The aim of the aeeting was to facilitate an exchange of information concerning visual ajds and
eye protective devicea used by the aviator. Authors, ohmervers, and Panel members from 12 NATO
nations attended the meeting. Ten paspers were selected for the program; nine were presented. A
tremendous amount of discussion ensued, both following each paper and in the "wrap up" General
Discussion. 1Interest in all of the topics was at a high level. Since this was the final sesaion
of the meeting, it was quite gratifying for the Session Organizer to see such an enthusiaatic and
well attended final discussion period. The discussions were the highlight of this meeting. Numer-
ous questions were agked and prcblems identified. The ensuing discussions were quite helpful in
clarifying points, issues, and technical matters.

The last complete presentation of the topic of VISUAL AIDS AND VISUAL PROBLEMS at an AGARD
wmeeting vas in 1961. Any reader wishing to compare that Sessjon with the present one should read
"WISUAL PROBLF¥MS IN AVIATION MEDICINE," .dited by Dr. Armand Mercier (A Pergamon Preas Book, 1962).
A number of the toplcs of that 1961 me-ring were discussed again at this presen: meeting. The
reader can gauge for himself if any progress has veen made.

The topics that have been discussed at this Session are about equally divided between devices
to protect the eye and vision of the aviator and those which are intended to enhance and extend his
h visual capabilities.

THOMAS J. TREDICI, Colouel, USAF, MC
SESSTON ORGANILER AND EDITOR
VISUAL AIDS AND EYE PROTECTION . ! THE AVIATOR
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EYE PROTECTION, PROTECTIVE DEVICES AND VISUAL AIDS
by

Dr D ¥ Brennan
Head, Applied vision Section
Neurosciences Divisjion
TAF Institute of Aviation Medicine
rarnborough, Hampshire —
United Kingdom o

SUNMARY T

This paper discusaes the major ccular harards epesuntered in military aviation and describes some
protective messures which may be adopted. The heiéards considered are solar glare, bird strike, wind
blast, miniature detonating cord, lnu'rl awd nucloar flash. The role of image intensifiexs in aviation
is also discuased.

—

INTRODUCTION R

Excluding agents of chemical warfare the most important ocular hagzards encountered in military
aviation fall into three categories. Solar glare, trawma and high energy light. Protective devices against
thegse hazards mist be compatible with existing aircrew equipment asgemblies and not inhibit the safe and
efficient performance of aircrew tasks. These requirements apply also to visual aids.

Solar Glare

Proteaction against the discomfort and the reduction in visual acuity caused by glare from direct,
reflected or scattered sunlight, is essential. In transport aircraft wheve glow donning and doffing is
not a problem such protection may be provided by sunglasses. In high performance aircraft where protective
helmets are worn photo stress is usually avoided by means of a tinted visor which is integral with the
flying helmet. The visor should be capable of adjustment by the wearer to provide protection against
external glare sources whilst permitting a view of his instrumentation below. 1In the fully lowered position
the visor should be capable of preventing the ingress of all unfiltered light,.

The filter for use in the aviation environment should have a luminous transmictance of between 10-15%;
a transmittance significantly higher being only of cosmetic value. The densities of the filter(s) before
each eye should be closely matched to avoid false projection (Pulfrich £ffect). The tint must be neutral
to avoid adverse effacts on colour discrimination particularly the recognition of red warning signals. As
discomfort from glare is eliminated it is important to ensure that infra red wavelengths outside the
visible band (800-140C nm) are also attenuated to avoid any possibility of retinal burns. Short ultra

violet wavelengths may also be hazardous and ther2 should be a complete attenuation of the solar erythemal
band (290-320 nn).

As with all trangparencies interposed between aircrew and the external scene care must be taken to

ensure that the field of view is as wide as possible, and that the optical properties and the physical
parameters conform to apecification.

Birdstrike

Protection of the face against birdstrike. Fig. 1, The hacard of birdstrike is always present during
flight (both day and night) at low level. Approximately 85% of birdstrike in the UK occur at altitudes
below 500 ft agl whilst only 7% occur at altitudes above 1,000 ft agl. The incidence of birdstrike in
low lavel flight is auch that a hit in the coskpit area {s a relatively common emergency (with respect to
the various emergency functions to be provided by headgear). Whenever possible the strength of cockpit
transparencies should be such that they will not shattor when a bird is hit. The strength necessary to
meet this requirement when an aircraft flying at high speed hits a heavy bird may however be prohibitive.
If practical, secondary protection to the aircrew should be given by a tough screen mounted within the
cockpit. Again however this requirement may be incompatible with other functions, e.g, external vision,
escape. Furthermore there are many aircraft in service at present in which protection of this type is
not provided and yet they are being operated at high speed and low level. When a bird impact occurs onto
a cockpit transparency both pleces of the bird and splinters (some of them large) of the transparency €ly
towards the head and shoulders of the aircrevw member. The pleces of aircraft cancpy in particular are
propelled towards the face of the occupant. The most vulnerable organ is the eye and temporary or even
permanent blindness may follow a birdstrike in the cockpit area. In the absence of other forms of
protection (strong transparencies or internal cockpit screens) a helmet mounted visor made of a strong
transparent material such as polvcarbonate (3 mm thick) is essential for aircrew operating at high speed
at low altitudes. The visor should protect all the uncovered arca of the face as well as tne eyes, Thus,
the lower edge of the polycarbonate visor should abut closely (less than S mm gap) agalnst “he oronasal
mask. As there is virtually no hazard of birdstrike above 2,000 ft agl the crew member should be able to
remove the polycarbonate visor from in front of his ayas when flying above thias height, since any layer in
front of the eyes produces a small but significant impairment of vision, whilst it is desirable that the
user should be able to lock the polycarbonate visor in the down position for blast protection, there is no
requirement to be able to position it in any position other than fully up or fully down. Although it
would simplify and lighten the headgear if the strong polycarbonate visor could also act as the antiglare
visor there are many flight conditions in which birdstrike protection is required without the antiglare
function e.g. low level flight at dusk and night. A dual visor system is therefore essential where
bizdstrike and glare protection are required. Ffig. 2.
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Blast Protection

The head is exposed to very high aerodynamic forces on ejection at high speed. These aerodynamic
forces impart very high angular accelerations to the head and impact of the head againat the seat at high
velocity. In addition the blast may damage the tissues of the face, in particular the eyes, by causing
gross displacement. and rupture of tissues. Furthermore the hlast may displace the headgear which may well
then be lost altogether. Protection against the effacts of blast on ejection includes the retention of
the headgear and the prevention of damage to the uncovered portions ot the face and neck. Retention of
headgear is necessary in order to provide impact protection to the head during the subsequent stages of
the ejection sequence and the delivery of oxygen to the cjectee after ascape At altitudes above 25,000 ft.

The UK approach to the blast problem is to rely on the protection given by the rigid flying helmet
which is provided with a strong chin strap and oxygen mask suspension system. The eyes are protected by
the polycarbonate visor which must be locked down on ejection. This system provides adequate protection
against blast up to 600-650 knots.

Miniature Detonating Corxrd

Some aircraft, notably the Harrier, are fitted with Miniature Detonating Cord (MDC) This device
consists of an explosive rharge contained within a lead coal which i» applicd to the undergide of the
canspy. On ejection MDC shatters the canopy into relatively small fragments prior to the aircrew leaving
the cockpit. The device has proved to be of great value in minimising personal and equipment damage on
a through canopy ejection.

There have been a number of occasions on which lead spatter from MDC has caused superficial damage to
the face and eyes. The most severe damage has been corneal penetration to a depth of ,3mm by small
particles of lead. Fig. 3, 1In this example the pilot had his visor elevated and deliberately kept his
eyes open. It is considered unlikely in the extreme that any ocular damage will result if the visor is
lowered and the eyes are closed. In order to prevent lead spatter tracking down the inner surface of the
visor various guards have been developed both solid and of foam plastic, these devices may have the adverse
effect of increasing visor misting.

Lasers

Laserg are devices which produce beams of monochromatic light which are usually of small diameter,
intense and highly collimated. The energy density within the beam only decreases slowly with increasing
distance from the laser. The eye has the ability to focus the collimated beams of some lasers and to
concentrate the encrgy into small image sizes on the retina. Fig. 4. Thus, lasers can damage eyes at
considerable distance from the source.

Neodymium, gallium arsenide and ruby lasers which emit at 1060 nm, 900 nm and 694.3 nm respectively
are the most important lasers encountered in military aviation. The applications of these lasers include
ranging and target illumination,

Laser protection is best provided by the adoption of safe working distances. STANAG 3606 gives
guidance as to the method of calculating the Nominal Ocular Hazard Distance (NOHD). It must, however, be
realised that the calculated NOHD does not make an allowance for atmospheric conditions giving rise to
‘hot spots' or for intra beam viewing using optical instruments with a magnifying effect. The necessity
for pilot protection from his own laser is debatable. The liklihood of a specular reflector in the range
area orientated normal to the beam must be small, the probability has been calculated as less than 1076,
should such a reflector be present, its reflectivity at the lagser wavelength i{s not likely to be high. It
is congidered that pilot protection is not necessary provided the target and surrounding ares do not
contaln specular reflectors e.g. windscreens.

Where protection is considered necessary this may be provided by goggles or visors with the requisite
optical density at the laser wavelength. Care must be taken to ensure that the luminous transmittance,
effect of the tint on colour recognition and optical properties of any protective device are adequate for
the task.

Nuclear Flash

The fireball resulting from a nuclear explosion is capable of producing direct and indirect flash
blindness and indeed may cause a retinal burn. By day the small pupillary diameter and the optical blink
reflex should prevent retinal burns at distances at which survival is possible. Simiiarly indirect flash
blindness from scattered light within the atmosphere and the glcobe itself does not pose a problem. Direct
flash blindness from the image of the fireball on the retina is difficult to avoid, but again at survival
distances the jrradiated area will be small. Even in the worst case of the firebLall being imaged on the
macula, para macula vision should allow all vital flight procedures to continue. At night with a dilated
pupil the situation is much worse, Retinal burns are possible and more importantly from the operaticnal
stand poini, indirect flash blindness mey deprive tre aviatuor of all useful vision for unacceptably Jona
time periods. In short, pfotection against nuclear flash is not required by day but is vital at night.
(Vos et al, 1964).

-
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A number of protectiv: measures have been proposed, Tf an exterior view is not required or only
required infrequently it would be possikle tc cover all tranaparencies with opaque blinds, It has been
advacated that filters with a fixed 1-2% luminous traasmittance be worn but theue ars not necessary by day
and are of limited value at night. Another suggestion has been an eye patch which may be removed when
one eye nas been affected, but this ias essentially a two shot device. What is required is a vigor which
could be worn at all times when nuclear flash is a possibility. This vivor should have a very high luminous
transmittance whan 'open' and a very low tranamittance when activated by ¢ nuclear flash, clearing rapidly
when the flagh is removed. The visor should, preferably, be made of polycarbonate or othev high impact
remistance material so that {t may replace the one intended for bird strike Drotection in the dual visor
systam, Photochromic compounds are being developed which go some way to meeting these criteria, These
comj.ow )8 are activated by the ultra=-violet component of the nuclear flash and darien rapidly to provide
optical densities of approximately 2. They clear rapidly following the flash but nay produce an afterglow.
The spectral absorption miy not cover the total desired range of 400-1400 nm but cm' be centred where
desired and sideband filters added. These compounds have been doped in acrylic where their useful life is
limited due to oxidation, successful doping of polycarbonates has not yet been achieved., The most promising
host material to date is epoxy resin where the shelf life is unlimited., Epoxy resin may be laminated with
polycarbonates to producs the necessary impact resistance.

An alternative United States approach is to use an electro optic shutter of Lead Lanthanum Zirconate
Titanate in a ceramic wafer (PLZT). This device reacts within a few microseconds to produce optical
densitiea in excess of 3, Although iiese characteristics appear ideal PLZT has two disadvantages, The

open state luminous transmittance is low, about 22%, and it would be difficult and expenaive to form in%o
" & curved visor, :

The difficulties that would be caused in night flight by the low open state luminous transmittance are
currently under investigation. Dark adapted subjects are required to distinguish targets against backgrounds
3 illuminated to provide luminances of ,0032, .032 and .32 candelas per square metre. These luminances
) correspond roughly to upper scotopic, low mesopic and low photopic levels of luminance. The threshold ability
of the aubjects to distinguish the target from the background is determined both with and without an
interposed netvtral density filter of 228 luminous transmittance. The liminal brightness increment (Al) is
meagured and the increase when wearing the filter calculated., The preliminary results are presented below.

Background o AT + 1 1 7 L3 Y] Mean increase in
luminance cd/m™?2  cd/m? 18 AI;1n with filter
omems G, MR ME Ml o
ooz ca/m? PN, 33 306 1039 4.2

f o.00n cam NN e 3e2 a8 1ei3 7568

ir the complete laboratory investigations support the early promise and if aircrew opinion continues to
be favourable a flight trial will be considered.

Image Intensifiers

] The application of image intensifying goggles in aviation is currently being evaluated.

These devices incorporate one or two image intensifying tubes with the requisite optical system for
binocular viewing. A beam splitter is of necessity incorporated !uto the optics of the single tube goggles.
Most goggles provide the conventional controls to compensate for intrnr pupillary distance and individual
spherical refractive error. The optics provide optimum focus at infinity but viewing of maps and instruments
is possible ¢\ther by manual focussing or by means of a bifocal segment although the limited depth of {
field parcirularly when combined with a small reading segment makes map reading difficult. The field of H
view of different gogyles varies but an average figure would be 40°, The desired magnification is unity. H
The goggles are designed to operate in the passive mode but an inbuilt diode is usually provided which emits }
in the near infra red tO provide supplementary illumination at close range. 1

H
i

The goggles are designed to operate ia starlignt (10"3 lux) but in practice it 18 cunsidered that their
greatest value is in quar »r to half moonlight conditions. 1In full moonlight or brighter the naked eye is
able to perform as well or better. The resolution provided by the goggles can vary both between manufacturers
and betweern samples from the same manufacturer. It is considered that of the goggles evaluated none would
prcvide wire recognition at a safe distance. The view, obtained through the goggles, of a standard vision
test chart is shown in Fig, 5.

et b i 89

The image presented is generally green and appears close to the peak of the photopic response of the eye.
Should the gogles have to be removed the eyes would require time to dark adapt. Colour coding on thaps is
of little value and ideally specially printed maps are required. Cockpit and aircraft lights must be
virtually extinguished to avoid flare and provision made to enable warning lights and instruments to be seen,
The main disadvantage of the goggles evaluated is their weight, this being approximately 1 Kg. The goggles
require to be mounted at the front ot the alrcrew protective helmet and the displacement this produces in
the centre of gravity of the head/helmet system causes considerable discomfort and precludes wearing the
goggles for prolonged periods.
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In conclusion, image intensifiers are 1 valuable transit aid for night flight in good
mateorological conditions but development is required.

REFRRENCE

X. vos, J.J. Frederikse, J.W., Walraven, P.L. and Boogaard, J. Some reflections on the danger of and
the protection against nuclear flash blindness and retinal burn. Institute for Perception RVO-TNO

Report No. 12F 196425,

ACKNOWLEDGENENRT

1 am grateful to Group Captain J Ernsting RAF for bhis help and advice,

|



A e ve

.
-

1
t
4
|
b
|

e

e

o i

B oAy wali,s

i

[0 B O | AWV

il i & A sl

il

W 192 B9

U2 wld o

[N

A oWl

EVETNY

Pt

I Ak - el

A S TURR R YPR-SULY

s

BB . K i

kit e el ki




Figure 2

Dual visor helmet
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Figure 3

Lead spatter from M.D.C. on face and eyes
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rigure 4

luorescent angiogram of laser lesions on a rhesus monkey retina
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Figure S

Snellen vision test chart photographed through image intensifying goggles
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Figure 6

tube image intensifying goggles
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DISCUSSION

Concerning the hypothesis of the deatruction of the macula by the fireball, you say that
it is posaible to fly with paramacular vision? 1Is this only a hypothesis, or have you
done any exparimentation yourselves?

We have not worked with this problem cursslves but conaider the views of Vos to be correct.

In connection with thia, I might point out that during the early to mid-sixties, there
were some teste conducted by people at the USAF School of Aerospace Medicime--Richey

and his coworkers--in which they indicated that practically sll of the flying activities
could be conducted with parafoveal vision., Parhaps some of the very fine instrument
reading functions would be lost but most of the activities necessary to bring an aircraft
back could be conducted with parafoveal vision,

In reference to laser attenustion, we are concernad about the same thing. I agree that
teflection from a man's own laser is probably minimal, but wore and more we see numerous
uces for lasers--target spotting and range detection from both ground-to-air and ground-to-
ground and all cowuinations of the various lascrs that you mentioned. Do you hgve any
specific plans for attenusting these at the pilot's eye? That is the first question, and
the second one: I noticed you did not uae a cover on your dual visor (I gusas you coul.
g0 on to a five-viaor system). Do you hava some sort of cover?

Yes, we have a soft fabric cover vhich ia taken off on entry into the aircrafc. As for
protection against lasers, we would only comsider protection if a wman was being ranged
upon, An exsmple that comes to mind is the laser-~guided gun. Obviously, if the man is
acting as a target for a laser-guided gun, he will wear protection. But at the moment,
we are not advocating protection for people who are using only their own lasera, although
I muat admit that it i{s an emotive issue and no matter what one says to certain people,
they would still wear laser protective visors because they say they are not going to run
any risk at all, how:.wer small,

May I ask one question? On your dual visor, the chap in the slide was not wearing any
apectacle correction. Do you have any problem integratiag corrective spectacles with
the dual visor since they would take "p more apace?

Nu, there is adequate space for all flying spectacles.
So the visor is mounted a little further out?

That is correct. The only trouble that we sre having with our dual visor system is in the
quality of the polycarbonste., We find it very difficult to get optical grade polycarbonate,
We are forced to use commercial grade polycarbonzte, which has a vexy high rejection rate.
Ultimately ve will probably go to an injection molding process as the only way of getting
the high optical quality which we demand.

Have you developed the fabrication capability for PLZT im the UK? And if so, how large
are the units that can be made in your industrial process?

No, not to my knowledge. This was brought to mind by the Sandia people.

Do you think that the optical daneity between 1 and 2 for your photochromics is sufficient
protection for nuclear flash protection?

As you know, the optical density required depends upon your weapon characteristics and the
type of aircraft, and the role in which you are using it, I will leave it at that. I
will say that we think that an optical demnsity of approaching 2--whether it is sufficient
or not, I do not know.

What is the reaction time of the photochromic?

1t follows the timé course 0. the ultraviclet. But, we have in the andience Mr Resmond,
from the Atomic Weapons Research Establisnment at Wildermaster, and he perhaps can
answer this quesation better than I can.

The reaction time for all intent and purposes is inatantsneous--10"8 of the second.

So it follows the time course of the ultraviolet~-the more ultraviolet you have, the
greater the density.

A question on the reaction times. You asy it is 10'8 of & second. It begins reacting
then--at vhat time does it reach this op:tcgl density of 2? 1In cther words, are you
down to an optical density of 1 or 2 in 10~° of the second?

The time at which you would reach a given optical density is_the function of the mmount
of ultraviolet which is put on to the photochromic. The 10-8 of the second is the basic
time constant of the reaction of the photochromic, but, in fact, since you are always
limited by the rate st which you are supplying the UV, in a oarticular case of providing
adequate protec-ion it may turn out that the photochromic has no reason to go to a
density of 2, This depends upon weapon characteristics and the distance that you are
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TREDICI:

BRENNAN:
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avay from the veapon as well as on general ambient conditions,

I have one more question, I noticad that om all your windscreen failures (birdstrikes),
the windscresns ware acrylic, Are any newer windscreens being fabricated with poly-
carbonates?

No, at the ncaent wa do have windscreens which are laminated, but pure polycarbonates,
No,
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INTEGRATION OF AVIATOR'S B:B PROTECTION AND VISUAL AIDS
Gloria T. CKisum, Ph.D.
Phyllis E., Morway
Crew Systems Department
Naval Air Developnent Center
Warminsterisggznsylvania

.United States of America

SUMMARY

The basic function of the aviator’'s helmet and visor assembly is to provide protec-

 tion for the head and eyes. Recent technological developments have resulted in addition-

a8l functions beini assigned to the helmet and visor., The additional functions range from
static aids for distant vision to dynamic displays of informavion for use in weapon con-
trol and guidance, and aircraft management and situational information. Basic require-
ments for the protective equipment have been established. The expanded functions for

the protective equipment require that modifications be made in the 3:quipment configura-

—tion, The modifications must be accomplished without sacrificini the basic functions of
o

protection. Accomplishment of these two goals requires cooperation between the display
designers and crew equipment specialists.

BACKGROUND

The aviator's helmet assembly provides eye protection, sound attenuation and protec-
tion for the wearer's head during in-flight buffeting, seat ejection, bail out, crash
landing, bird strikes or other impact threats. The helmet is designed to distribute
impact forces over the head and to absorb those forces so that a minimum amount of any
impact reaches the wearer's head. The basic helmet currently in the U.S. Navy fleet use
for attack and fighter pilots is the APH-6 helmet. The outer shell of this helmet is
molded from fiber glass and polyester resins, and gives impact and penetration protection.
The edge of the shell is covered with a rubber edge roll which protects the wearer from
the helmet edges. The inner foam liner of the helmet consists of three cellular polysty-
rene sheets which are molded to fit the inside contour of the outer shell. The liner
absorbs and dissipates impact forces. Sizing liners which are readily inserted and re-
moved, permit the helmet to be fitted to the aircrewman's head to afford protection,
stability and comfort. Nape and chin straps insure helmet retention. The helmet shell
and liners are produced in small, medium and large sizes,

The helmet visor assembly provides psotection for the eyes from glare, dust, wind-
blast, foreign particles, flash fires and flying debris from windscreen shatters., Stand-
ard visors are clear and neutral gray. The helmet sonic earcup assemuly consists of an
earphone housing and a foam rubber ear ¢ i1shion. The earcup assemply attenuates ambient
noises and thus improves reception of auditory signals from the earphones.

The aircrewman also wears an oxygen mask which is sﬁpported by a mask suspension sys-
tem attached to the helmet at retaining tracks.

Minimum requirements for the aircrewman's personal equipment have been established
and are published &s specifications. The helmet shell, liners and visors are the equip-
ments which have been most significantly affected by advanced visual aids, The basic
requirements for the helmet shell and liner are shown in Table I. The critical require-
ments for the visors are shown in Table II. The standards which have been set are essen-
tially feasible goals in light of state-of-the-art manufacturing capability and in some
cases poorest tolerable quality in terms of the user performance. As will be seen sig-
nificant changes in helmets and visors have been prompted by helmet mounted sight and
display developments.

TABLE 1

Helmet Basic Performance Specifications

Characteristic - Test Performance
Piercing Resistance 16 oz. pointed plumbob Maximum penetration
dropped from 3.048 M 3.18 mm (1/8 in.)
(10 ft.) height
Impact 7.39 kg weight dropped Maximum acceleration
from 186.69 cm in a 400 g; No evidence
standard impact test of '"bottoming"
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TABLE 1I1

Visor Critical Ferformance Specifications

Characteristic Specification
Visible transmittance

clear visor Not less than 87%

neutral gray visor 12 ¢ 4%
Neutrality

neutral gray visor Less than 12% deviation from neutral
"Chromaticity

neutral gray visor X § Y chronaticity coordinates within

) standard limits :

Diffuse transmittance Less than 5% of total visible
Ultraviolet transmittance ‘Less than 5% between 290 & 3520 nanometers )
Abrasion resistance No majecr abrasion when subjected to

standard test

Coating adhesion No loosening or removal of coating in
standard test

Vertical prismatic deviation Less than 0.25 diopters difference for
right and left critical areas. No abrupt
changes in prism

Horizontal prismatic deviation Less than 0.75 diopters total for right and
left; less than 0.18 diopters difference
between right and left

Spherical power Less than 0.125 diopters

Critical area distortion Within standard tolerance limits

Crack propagation Within specified limits under standard test
Wind blast resistance Visor shall not rise, loosen, tear away or

break in standard test (blast-520 mph; rise
time -60 msec.)

INTRGRATION

Efforts have been underway for more than fifteen years to develop helmet mounted
sight and display systems. The only system which has reached even a limited operational
stage is the Visual Target Acquisition System (VTAS)} which is produced by Honeywell, Inc.
VTAS is = target sight system in which a reticle and discrete signal lights are presented
to a piloct.

The earliest version of the VTAS helmet made use of a small, retractable beam split-
ter which came to be called a 'granny glass", The beam splitter co.ld be positioned so
that the signals were presented monocularly to the right eye of the pilot. The second
generation of the helmet portion of the VTAS system utilizes the visor as the beam split-
ter, The projection and additional optics are mounted on he visor and the pilot sees
thi reticle and signal lights reflected from the paraboloid portion of the visor bean
splitter, ’

Other efforts are or have been underway to develop helmet mounted display systems in
which dvnanic and/or selectable information can be displayed to a pilot while he observes
the environment external to the cockpit. These efforts have included holographic tech-
niques in which holographic lenses are mounted on the visor and cathode ray tubes (CRTs)
or some other technique such as light emitting diodes are used to generate the signals to
be displayed to the pilot; helmet mounted CRTs with mating optics to relay the CRT images
to one eye while the other eye views the outside environment; and helmet mounted CRTs with
fiber optic probes to relay the images to a projection point and monocular or binocular :
beam splitters or reflectors. Most of the helimet mounted sight and display systems re- |
quire that the line of sighl of the pilot be detected and relayed to a computer for use :
in either weapon system or display management. In some cases, the position of the helmet,
or head, is sensed. In other cases, both head position and eye position are sensed. 1In
either case, som” type of electronic units are mounted on the helmet as part of the
helmet/eye position sensing scheme.
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Prior to the development of the VTAS system, crew equipment personnel mouitoved,
with interest, developments in helmet mounted sights and displays, but there was little
meaningful interaction between personal equipment specialists and the display designers.
The equipment specialists were keenly aware of deficiencies in the comfort of the avia-
tor's helmet, and efforts were underway to improve the fit, stability, balance, weight
and thermal comfort of the helmet and the quality and durability of the visor. The
agvent of VTAS aggravated many of the helmet problems and accelerated efforts to improve
the helmet.

Because VTAS is a sight system, movement of the helmet on the aviator's head intro-
duces sizeable guidance errors into the system. Movement of the APH-6 helmet is likely
to occur even when the pilot's head is completely dry. Movement is even more likely if
there is moisture from ﬁerspiration. Addition of the VTAS projector and sensing elec-
tronics to the helmet changed the weight and balance of the helmet which further aggra-
vated the helmet slippage problem. The response to these very serious problems was to
find un interim method of providing aviators assigned to VTAS equipped squadvons with
form-fit helmet liners. This was initially accomplished by making a mold of each avia-
~tor's head. The mold was sent to a helmet manufacturer where a liner was made, ccmplete
with padding for his helmet. The unit was then returned to the aviator. The process

was an extremely time consuming one, and obviously not very satisfactory. Other cfforts
were underway to find more satistactory alternatives. Some of the alternatives tried
were various field foam-in-place methods of making the helmet liners. Several proved
~promising. One is the Thread-Rite system which the U.S5. Air Force adopted, and which

the U.S. Navy is using on an interim basis. It is a foam-in-place system which uses a
mold positioned on the pilot's head. The fonam components are mixcd, poured into the mold
and allowed to set. The liner must then be removed from the mold, trimmed, fitted with

a comfort liner and a leather liner and then mounted into the pilot's shell. A newer
system currently in operational evaluation by the U.S. Navy is the V-TEC system which is
an improvement ovey the Thread-Rite system and uses a helmet outer shell as the mold. When
the foaming process is complete the liner is complete, and must then be removed from the
mold shell, placed in the pilot's personal shell and the whole process can be completed
within approximately 15 minutes. The weight of the helmet has been reduced and is ex-
pected to be reduced even further by use of newer light-weight materials,

Still another development in the helmet improvement program which has proven signif-
icant for the helmet mounted display developments is a new, low profile light weight
foam-in-place helmet assembly which is still in a developmental stage. The basic concept
in this development has becen thot of an integrated approach to the development of head-
mounted personal protection equipment. Naval Air Development Center Crew Equipment per-
sonnel have addressed the entire spectrum of head-mounted personal protective equipment
including visors, communications and oxygen as well as the helmet shell, The VTAS pro-
gram is being interfaced with the integrated light weight helmet low profile foam-in-place
helmet program through the cooperative efforts of the Crew Equipment engineers, thes VTAS
Project engineers and contractors in both areas. The result is the VTAS III helmet in
which the helmet position sensor units are molded into the shell, thus providing better
weight and balance while maintaining the penetration and impact protection required for
the helmet. Table III shows comparative values for the various generations of helmets,
before and after VTAS.

TABLE 111

Helmet Weights

Helmet Weight (kg)
APH-6/A13-A 2.61
HGU-33P/A13-A 1.86
HGU-35/P 1.81

VTAS 1/A13-A 2.77

VTAS IT1(APH-6/A13-A) 3.4

VTAS 11(PRU-37/P, Al3-A) 2,68

VTAS TII(HGU-35/P) 2.13
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The visor requires special attention., An aviator should always fly with a protec-
tive visor in place. Even a small accident such as bcing struck in the eye by cockpit
debris could be extremely expensive in terms of the individual aviator's career and in
terms of the investment in training. In addition, such an accident could conceivably
precipitate a larger accident resulting in loss of a crew and aircraft. Everything that
a pilot sees, then, while operating an aircraft is seen through the visor. Blurring and
distortions of the visual field are unacceptable. Inadequate visor performance can
result from two classes of conditions. The first is poor optica. -nality in the visor,
the second is visor surface damage, The optical quality of the visor is determined in
the manufacturing process, The basic visor is a section of a sphere and is manufactured
by either molding or vacuum forming. it is relatively easy to construct such a visor
which conforms to the optical specifications for visors shown in Table II. In order to
increase the duvability of the visor, "Abcite" coated polycarbonate material is being
used. The visors for some of the advanced displays require that special optical charac-
teristics be built into the visor. For example, the VTAS visor is parabolic in the
reflecting areca, At least one of the proposed helmet mounted display visors is a dual
paraboli¢ shape in the reflecting area. Such a visor is much more difficult to manu-
facture to conform with the spherical and prismatic power specification, The irregular
shapes of the visors also raise the problem of mechanical integrity of the visor. The
basic strength and durability of the visor must be maintained intact. The experience
with the development of the VTAS parabolic visor illustrates the way in which Crew Equip-
ment Specialists - in this case optical specialists - interface with the display manu-
facturers in a cooperative effort to achieve the desired endpoint - a visor of good op-

“tical quality., The result of the efforts of the Honeywell, Inc, personnel who were

responsible for the development of the visor was a parabolic visor which conforms with
all of the optical requirements of the visor specification.

The transmittance of the visor has always created a dilemma. Since the visor must
be used in both day and night operations, a single visor density is inadequate. During
daytime operations the tinted visor of 12% t4% transmittance is used; during night opera-
tions the clear visor which has a transmittance of at least 87% is used, Several alter-
natives are available to accommodate these incompatible transmittance requirements. The
least attractive alternative for a pilot is to change the visor assembly on the helmet,
another unattractive alternative is for the aviator to have one helmet for day operations
and another for night operations. In either of those cases, a mission which included
both day and night operations would present a problem. In order to provide for such
cases, a dual visor kit which contains both a clear and a tinted visor was prepared and
has been in fleet use for some time. The dual visor kit enlarges the profile of the
helmet, adds weight and has never been accepted very well in the fighter and attack pilot
community. More recent developments in cyeglasses have provided some relief, though not
a completely satisfactory solution to this problem. Aviators are now permitted to remain
on flving status with visual acuity of 20/50 or better and must wear lenses to correct
the acuity to 20/20. In order to accommodate more comfortably, those pilots who require
correction, a new ey»glass frame is being developed, The new profile, which is shown in
Figure 1, can be worn behind the visor,! With the new frame, a pilat can use a helmet
fitted with a clear visor and wear sunglasses in the daytime. Those who require correc-
tion can wear clear prescription eyeglasses at night and tinted prescription eyeglasses
during the day. This solution is a significant improvement in ordinary operations, but it
is less than optimum in use with sight systems such as VTAS and is incompatible with the
optics of other display systems. The ideal solution would be a variable density visor
which developed adequate density for daytime operations and becomes essentially clear in
low light levels., Lfforts are currently underway to develop techniques for providing such
a visor. Because of the nature of the materials which can be adapted for the purpose, the
solution will probably be to coat a clear visor with a removable variable density film.

oLo
EYEGLASS

NEW EYEGLASS

COMPARISON OF NEW /0LD EYEGLASS CLEARANCE UNDER visom
FIGURE-]
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The oxygen system is another area in which the personnel protective equipment must
interface with the helmet mounted sight and display systems. Fighter and attack pilots
must be provided with oxygen for breathing. A mask is the most usual way of provgding
the oxygen. Helmet mounted optical systems must be compatible with the oxygen system.
The integrated personnel protection program has included improvements in the oxygen sys-
tem as well, Complsints about the old oxygen system were directed at the blockage of
vision by the profile of the mask, the restriction of head movement caused by the hose
which hung from the front of the mask and the uncomfortable weight and balance of the
mask. The mask for the new head protection system will have a lower profile, no house
on tke front and will provide more comfort because of the improved weight and balance
of the total head protection s{stem. Integration with the display visor will be accom-
plished at the squadron level by trimming the visor to fit the mask contours and posi-
tion as worn by each pilot., Guides and patterns will be provided for achieving tﬁe
proper mating.

The electrical and mechanical connections required for the display systems are
another area of integration and interface in which crew equipment personnel and display
designers must coo)perate. For any system which requires connection of an aviator to
the aircraft ther: must also be provision for emergency separation of the two. In
addition, the cables which link the pilot and aircraft must not restrict the activity
of the pilot to the extent that the ability te perform the mission is impared. Fighter

-and attack pilots require good cockpit mobility and visibility. If the display system
requires that voltage be brought to the helmet, the connections used must have good
electrical integrity and insulation, and must be quick disconnect connectors which will
not become a threat to the pilot on ejection,

Safety of use is an important consideration. In addition to the maintenance of the
integrity of the basic protection afforded by the helmet assembly, and electrical safety,
safety during ejection, catapult and arrest must be assessed. The threat on ejection is
of damage from wind blast, damage to the head, neck and shoulders caused by imbalance
of the head mounted equipment and damage from flailing solid objects such as connectors.
The usual method of assessing ejection safety is to first test eject anthropomorphic
instrumented manikins cutfitted with the equipment being evaluated and then test eject
live subjects, on an ejection test tower. The threat on catapult and arrest is of phy-
sical damage to the pilot caused by poor balance and/or mechanical integrity of the hel-
met mounted system. Assessment of tgese threats is accomplished cn a horizontal acceler-
ator with first a manikin and then live subjects,

In addition to equipment integration, another important area of concern is use of
the displays, or the man-machine interface. Several considerations are pertinent and
should be addressed early in the design of any display. They include type of informa-
tion required, type of reading operations required, and operator display management.

The considerations relevant to the informatinn, optical and visual characteristics, have
been dealt with in detail elsewhere.? It will suffice for our purposes here to enumerate
some of the areas in which design decisjons must be made. The type of information to be
displayed may be simple static sighting type information with "lock-on" indication as

for a radar or missile aiming function, it may be dynamic sight type information such as
A hot-line for a gun sight, dynamic display to present "launch envelope" type information
or more visually complex signals to provide aircraft position and condition information.
There are in general, two types of display reading operations. The first is accurate
reading in which precise position, location or alpha-numerics are to be discriminated,
the second is monitoring type operations in which relatively gross visual functions are
pe-formed. The design decisions relative to these areas will influence choices of sym-
bology, color, brightness, visor transmittance, visor coatings, display signal genera-
tors, permissible signal instabilities and system optical requirements. The types of
technical personnel who must be involved in reaching these design decisions are, in
addition to the display engineers, human factors engineers and vision specialists.

The experiences of Crew Systems personnecl at the Naval Air Development Center indi-
cate that the earlier in the design process the appropriate personnel start to interact,
the smoother the transitions through the research and deveinpment process are accomplished.
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DISCUSSION

What luninances do you use in your displays for day and night time use? That is one
question, and the other question is: When wearing sunglasses under your clear poly-
carbonate visor, how do aircrew manage to don and doff the sunglasses rapidly when
going from rapidly chuuging illumination, such as from low lavel through clouds to
the high levels of luminance?

Wall, they don't--that is one probiem with using spectacles. One thing that I did not
mention in response to the second part of your question, First, the spectacles also
present something of a bit of a problem with scme of the displays. The optics in the
display mumt be integrated with the optics in the spectacles. If there is power in the
spectacles, that 1s a problem, And in order to solve that problem, a variable density
visor would be the jdeal visor, There are some efforts underway to develop a variable
denaity visor, but those efforts are really somewhat inadequate. ‘'The brightness of the

-display 18 a problem, At present, with VIAS--VTAS 18 only & daytime system, and I do not

recall the exact brightness but it gseems to me there is some control over the intensities
of the VTAS energies and the maximum, I believe, is Delta I of around a tengh of the
increage in the background. There apparently have been no problemz with the VTAS images.,
The difficylties will come providing bright enough display images sinca now the images
are being picked up from a  node ray tube or fome other kind of image generating device
and transmitted in some way .v the visor so that there will be tremendous light loss.

The rule of thumg for brightness on the cathode ray tube that has been requested is around
100 ft. lambert rightness at the screen but that number has been used for the helmet-
mounted cathode ray tube where either a 100X reflecting mirror is used to reflect the
images to the pilot's eye--in some cases, & 90% reflecting beam splitter, a small beam
splitter, 1In attempting to wove the cathode ray tube from the helmet to the aircraft

in order to reduce the weight on the helmet, it means using a fiber optics probe with

10X per ft. transmittance loss through the fiber optics so the brightness will be a problem.
And I suspect that some techniques, such as reflective coatings on the vigor, may be used
to take advantage of every bit of light that can be reflected--reflected coatings on the
inaide of the visor which match the phosphorous of the cathode ray tube or whatever other
devices may bo used to generate the images,

Just one more question, Where did you get the polycarbonate? Do you inject mold the poly-
carbonate that you use on the visor?

No, they are vacuum formed, 1 believe.

From cheap materials?

Yes, I don't believe that any of them are injection molded.

Do you happen to know where they get the cheap material?

No, but I will find out. They dc conform with the neutrality required for the visors.

You can acguire the polycarbonate from the General Electric, GE; its trade vame is Lexan.
Just a comment. The Army uses injection molded polycarbonates from the Gentex Corporation.

The VTAS is a daytime system only, but can you use it on a clear visor? Do you get enough
Delta I on a clear visor, or must it be a tinted visor to see the images?

The tinted visor uses VTAS. This {s the (irst place that the problem of the visor trans-
mittance was really tackled. The visor used with VTAS, the tinted visor, is not & 12%
plus or minus 4X transmitting visor. The transmittancc is a little higher, but a good
deal of the density of the visor is achieved by the coating inside the visor to enhance
the reflection,

So it has not been tried with a clear visor yet?
It has been tried with a visor, 1 think, as high as about 60Z transmittance.

I have a question in connection with the new spectacle frames fitting under the helmet with
the dual visors. How is the compatability of these frame eyeglass? According to the sketch
you presented, are the ends of the great side of the visor precisely placed between the
external ear and the region of the curve? This, however, may cause heavy discomfort if the
spectacles concerned are worn for longer periods, and, moreover, have you considered re-
duction of the spectacle frame {ts¢lf? What about the aperture of the spectacle glasses

and the width of the sp-called bridge? There you need the possibility of some shifting

in respect to the corresponding parts of the nose and the {uterpupillary distance

This spectacle frame is not in operational use.

But the Navy has been working on a new frame. The Navy is using exactly the same one as
T am wearing and which I will describe in the next 20 minutes in detail. All they have
done i3 taken the hinge which In the American Optical frame sits out laterally and bent
it 90 degrees so that it t.ow comes straight back, reducing the total width of the frame
about 5 mm. That i{s all that ha< been done right now. It is too complicated to go into
producing a special pair of glasses for one service since these are utilized throughout
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the servicea--Army, Navy, Air Force, etc, But that is what it i{s right now, a temporary
1%,

Do you have standaids which allow you to measure the optimum radius of curvature for the
visor?

The basic visor is a section of the sphere, and there are standards for the permiasible
power, the prismatic power possible which is acceptable in a visor. With the special
display visor, the curvature i1s not a sphere, With VIAS, the visor in the reflecting
portion is a parabolic visor of, I think, possible 2 or 3 {n focal length. I do not
remember exactly. And the problem of achieving the power required in the reflecting
portfon of the visor without adding power to the transmitting property of the visor
was a problem, The spherical power was not a problem; that was easy to deal with, but
the prismatic power was a protlem, Just because as the visor was formed, as it was
stretched, the center stretched more than the edges, prouucing a higher prismatic
power in the visor than was acceptable; but with a great deal of effort, the techniques

~in forming of the visor were achieved so that the visor could be forwmed without the

introduction. of the additional prismatic power so that now this is not & problem. We
do have instruments for measuring the optical characteriatics of the visor, and that 1is
not a problem.

Have you had any reaction from aircrew to the introdivction of the form-fit helmet? We
have only had the experience of the test pilots who objected on terms of comfort, thermal
comfort, but they may wear their hat on 1it.

There are several things that pilots have traditiorally complained sbout with the helmet--
the weight, the balance of the helmet. The fuorm.-fit helmet has been used in the fleet and
the fighter squadrons which have VTAS. The pilots ljked the form-fit helmet, even though
it is hot--it is very hot. They wear little cotton knit pieces under the helmet to try

to cut down on the moisture under the helmet a little bit, but rthey like the form-fit
helmet very much, If we were able to develop a form-fit air-conditicned helmet, I am

sure they would like that too, but the only complaint has been &bou: the heat--that the
helmet is hot. That may be a bit of a blased opinion since that 1s used for the squadrons
using VTAS and the fighter pilots like the VTAS so much that theyv proba.ly would tolerate
more than some of the pilots who are not using VIAS with the form-fit helmct--it probably
would give more discomfort but it does help to increase the stability of the helmet.

There are still problems, I am sure, based on some of the comments that I have heard

from Dr Ewing '“e other day. I am sure that there are still undcr high Gs some deforma-
tion of the enc gy absorbing liner and perhaps the atability will not be ideal, but it
does incregse ti ¢ stability of the helmet.

Do you intend to allow contact lenges combined with the helmets? I could imagine it is
very interesting ind very necessary for pilots to use the same visual aids they usually
usge,

I guess there is ¢ me consideration for the use of contact lenses. As far as I know they
are not in use, I suppose that the soft contact lens may receive more acceptance, but
many people find it difficult in adjusting to contact lenses, so that I do not know
whether they will be uaing them or not. Are you planning to talk about this, Dr Tredici?

We are going to discusg that in the Round Table, and it probably will get boring once the
ophthalmologists heginattacking the contact lens problems; but right now in the military,
the US Armed Forces, contact lenses are only used a8 a last vesort for treating medical
conditions and we have not utilized them gs replacements for spectacles.
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PROTECTION FROM RETINAL BURNS AND
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SUMMARY

Since the advent of nuclear weaponry, a requirement has existed for eye protection from
weapon effects which may produc2 permanent retinal burn and flashblindness.* (The term
"dazzle" is sometimes used to mean flashblindness; however, this usage is not preferred
because the meaning is unclear.) Prescent protection to prevent retinal burns and flash-
blindness is limited to two passive devices: Gold~plated goggles for daylight use and
an opaque eye patch worn over one eye during night use.

Even though a nuclear confrontation is unlikely, the U. S. Air Force has a requirement
to protect the aircrew against temporary flashblindness and permanent retinal burn
effects that result from exposure to nuclear detonations. The search for such a fas -
operating shutter device has been elusive and beyond the state of the art. Increase.
aircraft weight, field of view, open state transmissivity, cost, and aircraft modifica-
tion are additional constraints that have slowed the solution to the problem.

A new transparent ferroelectric ceramic material, lead lanthanum zirconate titanate
(PL2T), has enabled the development of large-aperture electrooptic shutters in goggle
or window-tvpe formate which provide sufficiently rapid decrease in transmitted light
intensity to prevent flashblindness and permanent retinal burn from ultraviolet, visible
and infrared radiation encountered in nuclear explosions.

- i R o

PLZT is a spin-off development of the lead zirconate titanate class of ceramic materials
utilized in a number of transducer applications by Sandia Laboratories, Albuquerque,
New Mexico.

*

A thermal/flash protective device (TFPD) is one which will prctect an observer from
pzimanent retinal burns (lesions) and temporary visual impairment, or flashblindness,
which would otherwise result from exposure to the brilliant flash of a nuclear detona-
tion. Flashblindness protection is defined by the U. S. Air Force to be achieved if
the specified visual function of reading flight instruments is restored within 10
seconds after exposure to the flash., Sufficient thermal/fiash protection must be pro-
vided by the TFPD device to allow the aircrew to function to the maximum nuclear
eavironment that the aircraft can tolerate. The USAF has found that devices which
darken to « luminous density of 3 (0.1% ohotopic transmissivity) within 150 micro-~
seconds of flash onset. and remain in the protective mode throughout the threat dura-
tinn, meet the TFPD requirement.

A. INTRODUCTION

a o

Lead zirconate-titanate (P2T) ceramic materials have been investigated and utilized in
nuclear weapon transducer applications by Sandia Laboratories for approximately 20 years.
As part of the development program for manufacturing high-density PZT ceramic bodies of
acceptable mechanical quality, the hot pressing procedure was widely exploited. Ceramic
materials prepared by hot pressing are suhjected not only to the usual high firing
temperatures, but also to high pressure. A disc or cylindrical slug is the typical
configuration in wnich the P2T ceramic bodies are formed. PZT materials used in

weapong transducer applications are usually doped with other elements to provide certain
desirable electronic properties. While investigating some of these doped materials
prepared by advanced hot pressin? methods at Sandia Laboratories, optical translucence
was observed by G. H. Haertling. Exploring further, he found in 1970 that opticgl
transparency could te achieved by substantial additions of the element lanthanum.

The optical transparency i: substantially improved by using chemical coprecipitation
techniques in the batch forxmulation prgcess and conducting the hot pressing operation
with the g8lug in an oxygen atmosphere. =5 The lanthanum-modified PZT materials are
designated hy PLZT,
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Early measurements of the electrooptic properties of these materials were conducted

M
e - 4 B T T v



LAsick,

C3-2

pr' - arily by C. E, Land.® 1In 1971, J. T. Cutchen and J. 0. Harris began to explore PLZT
mat.rial characteristics for device applications. The primary emphasis in their work
was on room-temperature cubic-phase materials, typically X/65/35 with X2 9. (Note: 1In
thie notation, X is the atomic percent of lanthanum substituted for lead in a material
containing 65% lead zirconate (PbZr03) and 35X lead titanate (PbTiO3).) Early work by
Cutchen and Harris culminated in a USAEC patent (#3,737,211, "Perroelectric-?ype Optical
Filter") covering electrooptic variable-density optical filters, light control devices

- and shuttering devices., The work included an evaluation of the device in a gogg19 con=-

figuration for thermal/flash protection for industrial and military applications.
Developments in this and rela&e? areas have been reported by Cutchen, Harris, and G. R.
Laguna in later publications.®" The exploratory work in PLZT thermal/flash protective
devices (TFPD) was conducted at Sandia Labhoratories using USAEC funds. Subsequently,
the U. S. Army Natick Laboratories and the USAF Aerospace Medical Division (AFSC/AMD)
initiated reimbursable programs with Sandia Laboratories. The primary objective of the

"” “program with AFSC/AMD was to produce a scale-up in PLEZT manufacturing procedures so that

127mm diameter slugs could be successfully fabricated. From these slugs, 76 x 102mm
rectangular wafers were procured for use in a prototype four-segment 152 x 203mm heat
shield window. The window was considered for mounting directly behind the windscrean of
selected aircraft., The work required to accomplish this engineering materials task was
significant, and was grimarily accomplished by R. H. Dungan, and G. S. Snow, also of
Sandia Laboratories.l< an operational 152 x 203mm window prototype using four of the

~-76 % 102mm PLZT segments was demonstrated in July 1974.

The devices, accomplishments, and significance of these PLZT programs were evaluated in
1974 by a special AFSC Flashblindness Protection Study Team chaired by the Life Support
SPO of Aeronautical Systems Division. The team also evaluated other systems which were
under development at the time, As a result cf the team recommendations, the Life Sup-
port SPO initiated a 24-month reimbursable program with the United Statea Energy Research
and Development Administration (USERDA) to establish a lead lanthanum zirconate titanate/
thermal flashblindness protective devices (PLZT/TFPD) goggle production capability.
USERDA authorized Sandia lLaboratories to proceed on this program in February 1975,

B. PL2T/TFPD Operation

The functional schematic of the PLZT/TFPD is shown in Fig. 1. The device operates

exactly as the well~known Kerr cell. The electrooptic wafer is sandwiched between two
polarizers, and oriented so that its optic axis is at 45° to the polarizer axes. In the
clogsed-state -- or "off" -- condition, there is no voltage difference between the elements
of the interdigital electrode array on the surface of the ceramic wafer. Under these
conditions the wafer is optically isotropic and does not affect the light which passes
through it. The light is consequently blocked by the polarizer pair, as shown in Fig. 1A,
In the open-state -- or "on" -- condition, a voltage difference is applied to the
electrodes to create birefringence in the wafer. In this case the wafer becomes optically
anisotropic, and retards a component of the polarized light. As a result, the light
leaves the wafer in a state of elliptical polarization, which enables some transmission

by the second polarizer. When the correct voltage is applied, the wafer acts as a broad-
band half-wave plate, and the light which leaves the wafer ig linearly polarized but
rotated by 90°, This is the maximum-transmissivity condition for the assembly, and is
shown in Fig. 1B. The level of transmissivity may be continuously varied between the two
extremes represented in Fig. 1 by controlling the amount of applied voltage, creating an
electrically controlled variable density optical filter. A substraction-color filter can
be generated by using the device with a white-light source at voltages higher than the
broadband half-wave voltage.

For the TFPD application, the device is typically operated in the fully-open state until

a light threat is detected by suitable sensors in the control circuit. When this occurs,
the PLZIT wafers are rapidly discharged by a silicon-controlled rectifier (SCR), and the
goggles revert to the closed state. When the threat is removed, the wafers are re-
energized and the open state is recovered. In pract:ce, the hazardous light threat may
decay very gradually. 1In this case, the wafer can be recharged in a gradual faghion to
maintain a continuous safe level of light transmissio: turough the lenses. Since the
linear polarizers are only effective in the visibl. . - .trum, additional absorption filters
are required to block infrared (IR) radiation. Tyiai. - IR absorption filters are KG-1 and
KG-3 glass. The ultraviolet radiation is blocked by woth the polarizers and the PLZT
material.

C. The USAF Program

The purpose of the endeavor is to support a research and development program to develop
prototype PLZT thermal/flash window segment protective devices and to establish

a production capability for PLZT thermal/flash protective goggle devices. Device
emphasis in RED is 70% for a helmet-mountea goggle, 20% for a headset (nonhelmet)
version, and 10% for a mosaic window device. Production emphasis is to be 100X on the
helmet-mounted goggle, A headset version will be phased into production later. Two
variants in goggle design are undergoing evaluation. 1In one case, a four-lens approach
is being considered (2 large front lenses with 2 side windows, all active). For the
other, a unit with only two circular front lenses is being considered. The design goal
is that the entire goggle assembly and self-contained electronic controller not exceed
1 pound (454 grams) in weight,




€33

s

A) . SCHEMATIC OF SINGLE-STAGE DEVICE
“OFF CONDITION

ELECTRIC VECTOR OF ENTERING
LINEARLY POLARIZED LIGHT~

OFTIC Axis ELECTRIC VECTOR OF EXITING ;

UNPOLARIZED 3 LINEARLY FOYARIZED LIGHT :
|
LIGHT SOURCE
POLARIZER
13s°
TRTROL
v g Emcun |
1 PLZT ELECTROOPTIC
CERAMIC
POLARIZER

B)+ SCHEMATIC OF SINGLE-STAGE DEVICE
“ON" CONDITION

ELECTRIC VECTOR OF ENTERING i
LINEARLY POLARIZED LIGHT

aad ol R T s e e

* OPTIC AxiS ELECTRIC VECTOR OF EXITING :
o LINEARLY POLARIZED LIGHT ;
UNPOLARIZED p .
; LIGHT SOURCE %%%%‘ ;
] POLARIZER <
1350
CONTROL ks
CIRCUIT
i vE | PLZT ELECTROOPTIC N
CERAMIC
2 POLARIZER
] Fig. 1. Schematic operation of the PLZT sinple-stage device in

(a) the closed state and (b) the fully-open state.

Operational goals of the device are: (1) Operating temperature range is 55 & 45°F

(13 £ 259C); (2) Ultimate luminous density in the protection mode at least 3.0 over the
entire operating temperature range; (3) The luminous density of 3 must be achiaved
within 150 microseconds after flash onset for the upper temperature range of 559 to
1900F (130 to 389C).

The clectronic controller for the PL?r/TFPD goggle will be manufactured using hybrid
microcirzuit techniques in order ic minimize weight and allow packaging within the

goggle f.rame. The unit will e powered by a battery pack and/or 28 VDC from the aircraft,
It will be designed to take udvantage of the light-control capabilities of PLZT lenses;
i.e., to permit transmisgi~.u of any level of light between the fully-closed (maximum
opacity) and fully-open state. Consequently, the elecironic contrcocller will possess

the following features:

1. Manual control and override of the maximum possible voltage output
to PLZT element. This feature will allow the maximum permitted
open-state transmissivity.

2, Automatic servo and tracking of the light transmitted through the
lenses. The light throughput will be continuously monitored behind :
the lenses. 1If the throughput exceeds a pre-set value the servo i
system will automatically decrease the voltage at the PLZT element
to restore the pre-set transmissivity level -- and vice versa.




C3-4

3. When the behind-the-lens monitor detects an increase in light

intensity which exceeds the pre-set tolerable limit and rises faster
[ than the servo can control, the protection mode will be triggered.
Under these conditions, the lenses close to maximum opacity

4. In the protected state the servo will control the re-opening of
the lenses. That is after the lenses have reached maximum opacity
and the external light has bequn to diminish, the lenses will be
re-opened in a controlled manner so as to maintain the transmissivity
at the pre-set level. Under these conditions, the wearer will be
continuously provided an external vision capability.

The front and rear polarizing elements in the PLZT lens assembly control both the
opacity and the maximum possible open-state transmission. An optimized lens assembly

1 which uses presently-available sheet polarizers (Pclaroid Type HN=-32) has an

F ultimate luminous density of about 4.3 (0.005% transmission) in the closed state,

and an open-state photopic transmission of about 19% (with KG-3 filters). Obviously,
if transmissivity gains are to be realized in the open state the polarizer capabilities
must be improved. With ideal polarizers and no other losses in a system, the

maximum open-state transmissivity of a lens would be 50%, It appears that some

gains can indeed be realized, and one goal of the development effort is to procure
more efficient polarizers from Polaroid Corporation.

The following helmet-mounted goggle prototypes have been or will be delivered:

e

Group Delivery Date Quantity Comments 3

I November 1975 8 Passive units - DTSE* ;%

; II March 1977 25 Active units and battery packs - IOTEE*+ s%
! III June 1977 30 Active units and battery packs - QTEE*** ié

L 5 v September 1977 25 Preproduction units ‘é
E ) f *Development Test and Evaluation : :'§§

b s **Initial Operation and Test and Evaluation
***0Operational Test anda Evaluation

itk s

- &,

Production delivery is scheduled to begin in October 1977 at 165 ~ 200 units per month
to continue until approximately 6100 goggles are manufactured for the U. S. Air Feren.
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DISCUSSION
What {s the unit cost?

The projected cost in FY 76 dollars for this four-window model with the power supply is
egtimated to ba about $1250 per copy. Since we will be in production in FY 78 we have
assumed posaibly a 10X per year inflation rate--wa hope it is less than that--but that
would make the FY 78 cost when we go into production right at $1500 per copy.

Two questicis--vhat thermal load would the polarizer stand? And the second qunot;on, have
you tried any more objective tests of people scoring themselves?

To the first question--the polarizers if they are glass laminated will take just in excess
of 40 calories per aq. cm, We also tested plastic polarizers and they will go about 9
calories per sq, cm, So, of course, we will be using the glass laminated polarizers which
we have in this device, I might alsc mention that it does increase the weight and obviously
that is a very important consideration, This first prototype weighs about 410 grams--that
includes the KG3 and the glass laminated polarizers, so we do plan on keeping this under one
pound or under 450 grams,

I will take care of the operational tests, In the 90 some units that we will be getting that
are operational units, Dr Brennan, in those extensive OTS&E (Operational Test and Evaluation)
those will be subjective and objective tests-~the full range of qualifying type tests, and,
of course, we would make that information available in our exchange program to you when it
becomes availeble,

Did you mean laboratory stereopsis visual acuities?

1 was slightly concerned that pecple are scoring themselves—I would be more interested in
somebody scoring them,

Yes, as they perform.
That is correct, yes,

The oue advantage of having people to score themselves is that I have found out that most
pilots, if they cannot fly with it, they will fail 1t or {f they don't like i{t, they will
fail it, That 1is a risky one also, g0 we have been very pleased with the acceptability of
the crew members in the operational wings, and in case that point was not made, these vere
operational crew members in the operational wing, and these were normal training flights.
We just simply piggy-backed on to their normal flight schedule., There was no flight
acheduled just for our test purposes, atrictly the normal routine flying of the operational
wing,

‘T have a question, still on that line, There is only one aberrant square up there and that
1s the 135 tanker pilot who had nearly 5, and all the rest are down to about 2's and 3's.
Was there anything peculiar about that group?

Yea, the thing that caused that one score to drop to about a 5--that was a first lieutenant
pilot, a 135 on his solo aircraft commander‘'s ride, with a brand new copilot, 2nd Lt, and a
brand new navigator, 2nd Lt, that landed in the fog, in the dark, strictly on instruments.
He rated it a 6 so that pulled it down to that &,

What is the overall thickness of the elements, of the system?

The ceramic itself is about ,015 of an inch thick or .38 mm. The glass laminated polarizers,
the KG3 glass, 1is 2 mr, thick, and we plan to laminate the first polarizer to the KG3 glass,
1f the loading levels are not too hlgh-~that 1s what we will do; otherwige, the glass
laminated polarizers will be approximately .040 thick each. You will have a sheet of glass,
then the polarizer in the ceramics and the polarizer in the glass--there will be only two
pleces of glass,

Will there be any alteration in the color vision and a possible disturbance of the depth
perception in the normal open state of these protective goggles?

TR e o
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‘you do have. You noticed on the vievgraph vwhere we had the rapid oscillations. I think

We have not noticed any problems, If you remember, the first viewgraph which we showed
you say the flat spectral response throughout the visible portion, If you look at the
ceramic in the slug form befora it is sliced it does have a slight yellow tinge; however,
vhen you polish tha wafer you cannot see the color. I have some samplea here that I can
shov you. We have not had any reports on problems with depth perception. We also did
build one of thege to be used in protecting Vidicon tubes, and one Navy group did run some
tests on changes in the number of line pairs per millimeter that they could distinguish
and they saw essentially no change in the center of the ceramics to the outer edge. We
alao had aome questions initially asked about the grid lines fartheor from the pilot or the
viever, and, of course, that has not been the case irf they are not in the focal plane.

I could go a little further on that one--in reference to the flight test if it did anything
to the colors as far as flight instrumentstion or anything of that nature. It did not have
any effect, We did notice some slight effects in some of the older B~52 windscreens that
had some slight marring or scratching or chipping, You could get some slight scattering, but
*hat could be looked around, and we can work with it., It is not perfect but it is workable.

Not being an ophthalmologist, I am very curious about what sort of resonance frequency
your PLZT has? In the radial mode.

I believe that it is about in the vicinity of 30 to 50 kilocycles. It is compositional
dependent--it does depend on the lanthanum and as to how we mount it, as to what damping

it is about 35 kilocyclea,

What about the axial mede resonance of that material?

1 do not know,

The reason I ask, I think you quoted a figure of 125 microamps of current to supply

and it is roughly a thousand volts, That i{s a power output that could be up around
1 to 10 millivatts, It depends on the wavelength--that is a pretty good power output.

We have not noticed any problems in that regard. We should mention with regards to
power that although we are operating in voltages between 500 and 1200 volts, the ceramic
has & higher leakage resistance so the leakage current is extremely small so that we are
dealing with very emall currents generally with regards to safety.
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USAF AVIATOR GLASSES - HGU-4/P
(HISTORY AND PRESENT STATE OF LEVELOPMENT)
by
Thomas J. Tredici, Colonel, USAF, NC
USAF School of Aerospace Madicine
Aerospace Medical Division (AFSC)
Brooks Air Force Base, Texas 78235

SUMMARY

For vhatever reasons, one of the most sought-after items of US Air Force i{ssue is the aviator goggle
HGU-4/P, Besidea this allura, it has an important fundamental role--that of enhancing and protecting
the vision of US Air Force aviators. The historical development of this model spectacle frame and lenses
1s interxesting in itself. The spectrum of presently available lenses will be reviewed. Studies dona at
the USAF School of Aerospace Madicine to improve the product will be detailed—in particular, the impact
tests, both drop ball and ballistic, of glass (heat treated and chemical fon exchange) snd plastic (CR-39
and polycarbonate). The practical tests of plastic versus glass lenses used in the field will be re-
viewed. The serendipitous observation of noting that all plastic lenses inserted in the aviator frame
warped led tc the present issuance of only glass lenses for aviator duties. The culmination of this
_research has resulted in the presently available product, one that is felt to be the bast that the state-
of=-ths-art can presently produce. ) ) ) - o -

INTRODUCTION

Most of the information necessary to accomplish the flying task is gathered by the visual sens:.

US Air Force flyers are seleacted with good visual capabilities. It is important to maintain their vision
at peak efficiency. A thorough eye examination and visual standards screen out most ocular pathology and
visual problems felt to be incompatible with flying (1). However, the refractive status of the eye may
change as one matures. Presbyopia is inevitable. Acquired infections and unrecognizad genetic factors
all take their toll on the visual apparatus. Ocular trauma and the effects of electromagnetic energy on
the eye are of more immediate concern, Aviator spectacles are most helpful to manage these latter two
conditions as well as for the correction of refractive errors.

Spectacles and goggleas have been used by the aviator to protect against wind, fire, foreign parti~
cles, glare, excessive electromagnetic energy, and for the correction of refractive errors and presbyopia,
Crown glass and various plastic materials can protect and enhance vision (2). Improvements in these
materials, such as heat or chemical treatment of gpectacle lenses, thus making them impact resistant,
and the use of CR-39 and Lexan plastics have advanced the state-of-the-art, The subatitution of filters
for clear glass and plastic protects against abiotic electromagnetic energy and glare.

Sunlight falling on the earth is composed of 581 infrared energy (700-2100 nanometers (nm)), 40X
18 in the visible part of the spectrum (400-700 nm), and only 2% in the ultraviolet (290-4C0 om) (3).
At high altitudes, ultraviolet may reach as high as 52 or 6%, and in space, ultraviolet comprises 102
of the solar energy spectrum (4).

Contributing directly to the problem of glare is the intensity of soler radiation on earth. On a
clear, cloudless day with the sun at its zenith, the illuminance is 10,000 ft. candles (108,000 lux); at
10,000 £t.(3050 meters) altitude, it 1s 12,000 ft, candles (129,600 lux), and in space and on the moon
the illuminance is 13,600 ft. candles (146,880 lux) (5). Fortunately forx man, the earth's simosphére
attenuates the visible infrared and ultraviolet parts of the spectrum, At ground level glare is only a
problem on clear days, but for the aviator it is ever present above the clouds. Water vapor absorbs
considerable smounts of the infrared energy. Ultraviolet is largely absorbed by ozone and moleculay
oxygen so that practically all the ultraviolet radiation shorter than 295 m 1is absorbed by the earth's
atmosphere (4).

Light energy above a certain threshold will adversely affect various ocular tissues. Ultraviclet
energy between 295 mm and 315 nm 1s absorbed by the cornea and conjunctiva, producing photokeratitis.
Ultraviolet radiation effects are additive for 24 hours. Recovery from keratoconjunctivitis is usually
complete in 24 hours. The tremendous amount of ultraviclet energy present outside the earth's atmosphere
would be & most important factor in extravehicular and moon operations. With no filter protection (100%
transmission), & threshold dose producing keratoconjunctivitis would be acquired in outer space in three
seconds (4). The visible and near infrared energy when absorbed in sufficient quantities by the retinal
pigment epithelium will cause a chorioretinal burn, This may occur while looking at the sun during an
eclipse or viewing a nuclear detonation. Further, infrared energy is absorbed by the lens. If this
occurs, over & long period of time, s cataract may be produced. Finally, microwave (radar) energy of
sufficient intenaity has produced cataracts in experimental animals (3).

The ideal aviator spectacle then should:

a) correct refractive error and presbyopis,

b) protect against physical energy--wind, fire, and foreign objects,

¢) raduce the light intensity (glare),

d) transmit all the vieible energy but attenuate the ultraviolet and infrared,
e) wuot distort colors,

f) not interfere with stereopsis (depth perception),

g) be compatible with headgear and flying equipment, and

h) be rugged, inexpansive and need minimum care.
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HISTORY AND BACKGROUND

During World War II the Amy Air Corps used what was known as the B-8 goggle. It was rubber-framed
and held in place by an elastic band, A seriea of plastic inserts of various absorvtive properties were
used (6), Sunglasseas for glare protection had green lenses with a transmission of 52X in the visible
spectrum, not sufficiently dense for the purpose intended., These lenses were therefore replaced by
rose-smoke lenses which were an improvement (7)., The rose-smoke lenses reduced the daylight transmission
to 15% and limited erythemal ultraviolect vadiation to 1R, with transmigsion of the infrared limited to
leas than 15X, In 1949, Rose and Schmidt (8) studied the effects of ophthalmic filters on color vision,
Their work showed that the neutral lenses caused no increase in color errors whereas lenses deviating
from neutrality caused errors according to the amount of deviation, The transmission of the neutral
(N~15) lens in the near infrared and ultraviolet was well below the threshold of ocular pathology. Pilot
acceptance tests comparing the rose-smoke with the neutral sunglasses were conducted, These tests showed
a decided preference by the pilots for the neutral lenses,

At firat, frames for the lenses were whatever was commercially available, In 1952, the F-2 and G-&
sunglasses were standardized: Specification MIL-G-6250B., The F-2 sunglasses had a plastic frame and 15%
transmitting neutral lenses designed primarily for Arctic wear. The G-2 sunglasses had a metal frame with
similar lenses designed for wear in all other regions (6)., (See Figure 1.)

Figure 1. G-2 Aviator Sunglasses Figure 2. HGU=-4/P Aviator Sunglasses

Certain features of the F-2 and G-2 sunglasses were found to be unsatisfactory. The lenses were
large (59 mm) and heavy (40 Gm). On long missions the weight of the glass and pressure on the nose
caured discomfort, The cable temples had to be individually and correctly fitted. Other poor features
were the difficulties encountered in removing or donning the frames while wearing a helmet or headset
and the inability to integrate with the oxygen mask. The G-2 metal frame at times tarnished when in
contact with the skin., Optical problems revolved around the overly large sized lans blanks needed to
properly center the finished lenses, Secondly, there was the variability in density of the sunglass
lenses as the power of the prescription increased.

Recause of the disgatigfaction with the F-2 and C-2 frames and lenses, a search for an improved
design was initiated. In 1956, a meeting was held at the Aeromedical Laboratory, at Wright-Patterson
Alr Force Base, Ohio. Besides the problems discussed above, other items were addressed. Among these
were possible relaxation of the ultraviolet transmission requirements, the possible use of plastic
lenses or the feasibility of case-hardening the glass lenses. As a result of this conference, a sun-
glass frame designed by the American Optical Compeny was selected for service testing (6).

The original design was altered and improved as a result of this service testing. Finally, on
13 November 1957, MIL-G-25948 replaced MIL-G-625UB for Air Force procurement, and the new sunglasses
were given the nomenclature HGU-4/P (6}, (See Figure 2.) Except for changes in the lens materials,
this design concept has remained unchanged to the present day. The HGU-4/P solved most of the problems
that had made the F-2 and G-2 spectacles unsatisfactory. The weight is reduced by nearly 25%; they are
much more comfortable to wear; and the spatula temple allows rapid and easy donning and removing, even
while wearing headgear or earphones. The one-tenth 12K gold-filled frames have reduced the number of
dermal reactions noted. Integration problems with the oxygen mask and visor have been greatly reduced,
Adjustable nosepads and siraight spatula temples have almost eliminated adjustment problems. Finally,
the right and left temples are interchangeagle and the same-size screw is used throughout the frame,
greatly reducing the number of items to be stocked.

NEW DEVELOPMENTS

The HGU-4/P frame and lenges have remained relatively unchanged since 1958. The wisdom of not
tinkering too much with a good design has been proved since there have been relatively fow complaints
concerning these spectacles. In this time span they have even been used in space and moon exploratiom,
The original and continuing specification called for unhardened glass lenses to be used. This decision
was largely based on the work of Rose and Stewart (9). 1In 1957, they reported that ballistic wissiles
of small size (1 mm) traveling at high speed fractured hardened glasas lenses more easily than unhardened
glass. 1In the late 1960's the US Food and Drug Administration and the National Society for the Prevention
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of Blindneas began investigating the feasibility of having all spectacles used in the United States be
made iupact resistant. This culminated in a 1972 Food and Drug Administration regulation making it man-
datory to uses only impact resiccant or plastic leises in all spectacles sold and used in the United
States (10). Anticipating this ruling, the staff of the Ophthalmology Branch at the USAF Schuol of
Asrospace Medicine carried out a replacement and durability study of glass versus plastic lenses. This
study evaluated the replacement rate of glass and plastic (CR-39) lenses and compared the durability of
glass and plastic lenses in the Air Force environment. One thousand pairs of spectacles having one glass
and one plastic lenas were dispensed to military personnel at four Alr Force baseas of (ifferent climates.
Replacement of plastic or glass lenses vas made on the basis of subject vesponse during inmspection visits.
Comparative durability was assessed on the basis of hazemeter readings and visual {ngpection. A signif-
icantly higher plastic lens replacement rate was found (3.6 to 1) (11). Perhaps aven more significant
vas a serendipitous finding that all of the plastic lenses warped. These lensec had been inserted in
both metal and plastic frames. The lensometar did not diacern this alteration but the Geneva Lens
Measure did, registering an equal change in both convex and concave surfaces, thus leaving the lens

power unchanged., This warpage would, however, have to be considered sigrificant in lenses with corrected
curves and might alzo affect spatial perception, especially in an aviator (12).

To saek improved lens materials for the aviator spectacle, further teating was done. Ballistic im-
pact testing of scratched and unscratched ophthalmic lenses was done by Ophthalmology Branch personnel,
This work was reported in the American Journal of Optometry and Physiologic Optice in May 1974 (13),

The impact performance of plano and prescription ophthalmic lenses was determined by the ballistic tech-
nique. The 720 test lenses included nontreated, hest-treated, and chemical-treatead glasaes as well as

‘plastic (CR-39) lenses. Half of the test lenses in each category were abraded on the front surface prior

to impacting with a 4.76 mm (3/16 in.) spherical steel projectile. The lesnses were mounted in a metal
frame and positioned on am anthropomorphic head during testing. Results showed the plastic lenseg to
have the greatest impact resistance while nontreated glass lenses have the least. Heat-treated ard
chemical-treated glass lenses rank second or third and have similar impact performance characteriastics.
All four types of ienses were found to lose impact strength after being scratched on the front surface.
(See Figure 3.)
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Figure 3. Mean bresk velocity using the single impact
method. Each symbol represents the mean break
velocity required to fracture 30 lenses.

The result of the above-reported research is reflected in the present issuance of heat-treated or
chemical-trested glass lenses only in the US Air Force aviator spectacles. However, frame modifications
are being considered and the idesl lens continues to be sought. A coated, plastic lens with better
resjstance to warpage might be the ideal replacement for the present heat-treated glass iens.

Aviator spectacles HGU-4/P, therefore, are presently available with clear, heat-treated glass leanses
in single vision, bifocal, and trifocsl configurations for the correction of refractive errors and pres~
byopia. These lenses transmit 92X in the visible spectrum. (See Figure 4.) They are also available
with a clear coaring of magnesium fluoride (MgF) to reduce multiple images (ghost images). These lenses
transmit 967 of the visible spectrum, Corrections up to 5,50 diopters are available. The sunglasses
are neutral 151 (N~15) transmission gray up to *1.50 dtopters of hyperopia or ~2.75 diopters of myopia.
Beyond this range, up to ¥5.50 diopters, clear glass lenses coated with a 15% gray tint are aubstituted.
(See Figure 5.) A recently added option is the substitution of 31X (N-31) neutral transmitting glass if
the correction is greater than ¥1.50 or -2.75 diopters but not greater than +4.00 or ~5.50 diopters.

The neutrcl density lenses should not transmit more than 15% of the infrared, 0.2% of the erythemal
ultraviolet, and a minimum of 122 to a maximum of 18X of the visible energy. The frames are made of
1/10 12K gold-filled over a baae of 142 to 16X nickel-silver.
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Figure 4. Transmission Curve of Clear Lenses Figure 5. Transmisaion Curve of N-15 Lenses

Further, all lenses must withstand the drop ball test for impact resistance (14). A 5/8~inch diam-
eter steel ball is dropped on the lens from a 50-inch distance. The lens must withstand the impact
energy and not crack, chip, or fracture to be accepted. These lenses have been "hardened" by heating
to a temperature of 1180°F and then quenched with a jet of cold air. This strengthens the glass by
compressing its surface. The newer ion exchange method of "hardening" glass is slower, taking many
hours. The finished lenses are placed on a hot molten salt bath of KNO, at 660°F to 920°F. The large
monovalent ions of potassium are exchanged for the smaller monovalent ions of sodium. This exchange of
larger for smaller ions causes an increased surface compression similar to but better controlled than
the heat process (15).

FUTURE CONSIDERATIONS

The aviator spectacle HGU/4-P remains unchanged after nearly two decades of satisfactory service.
However, changes in the mission, availability of materials, and new technological developments herald
possible future changes in both the frame and lenses. The marked increased cost of gold will neces-
sitate an evaluation of other materials that might possibly be uged for the frame, such as rhodium,
steel, aluminum, plastic, etc. The plastic polycarbonate (Lexan) should be examined for lens use.

This material was used for the APOLLO space helmet and visors, and is presently used by the US Air Force
in aircraft windscreens (1€). It is several orders of magnitude more resistant to breakage and penetra-
tion than any lens material presently available. 1Its largest disadvantage is poor scratch-resistance
and the present nonavailability of prescription lenses. The new photochromic (light valve) lenses,

when further impre.ed, may allow a single lene to serve as both clear lens and sunglass. The present
photochromic lenses (Sunsensor) do not satisfy those criteria as yet, being either toc dark in the clear

state or not dark enough in their darkest atate. (See Figure 6.) A special trifocal design, exclusively

for the aviator, is in its final testing stage at the USAF School of Aerospace Medicine. Finally, not
mentioned to this point but obviously of significance, is that further advancewents in contact leas
fitting, materials, and technology could reduce markedly the future need for aviator spectacles of any
kind.

TRANSMITTANCE RANGE (%)
SUNSENSOR LENSES 2.0mm

PHOTOGRAY | PHOTOSUN

Figure 6. Range of Transmission of Photochromic Lenses
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FORGIE:

TREDICI:

BRENNAN:

TREDICI:

GLICK:

TREDICI:

GLICK:

TREDICT:

DISCUSSION

You mentioned the problem with warping of the plastic lensea, You also mentioned that it did
not cause any alteration of the power but it caused some spatial distecrtion problems. Could
you amplify that and tell us how significant this was from a practical point of view?

Perhaps not too significant, I must agree it did cause some distortion due to magnification
effect, We do have a paper (authored by Col Kislin) that did show there 1s the possibility
of extreme variations if you went from the maximum on one end to the minimum on the opposite
axis and added ia the variability that was possible between the two lenges. One ot the
problems being that when the leuses are placed in the frames there is nothing to tell you
how much you should tighte.. the frame, You can keep tightening it until you can have sll
kinds of distortion. The plastic frames were a little better, and things are improving

in the newer generations of CR-39 plastics, We will probably alter our regulatiom on
aupplying glass lenses only, in the very near future,

A comment and a question, Perhaps the reason for the popularity of those sunglasses--1if your

Alr Force is anything like ours--is the fact that they are free! Do you find that a luminous

transmittance of 10 to 152 is sufficient in the high light levels which you quote are existent
in Texas. I say this because 1 once read that submarine commanders in the last war working

at very high light levels preferred luminance transmittances down to as low as 3%,

It is, I think, a good compromise that we are not willing to change right at this time, but,
I think 5 or 6% would be better up at high altitudes; 15% is not too bad around Texas but
I agree with you.

More of a comment. You were mentioning going to N-31 or 31% trunsmission to eliminate the
bull's eye and "mexican hat" effect. Don't you mean though that this is a uniform coating
of that percentage rather than a through-and-through tint?

No, it is a through-and-through tint. We have had coatings of 15% before and their life ig
so short that we have given yp on these coatings. We had a coating on glass and a dipping
of the plastic to get it down to whatever transmission we wanted although that was kind of
hit and miss. We have given up on the glass coating, We just went to the 31%; it just
alters the overall percentage and we can accept that,

But the effect is still theve?

Yes, but less evident,

%
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A PROPOS DU VOL ET DE LA CORRECTION DES PRESBYTES.

Médecin en Chel J.P. CHEVALERAUD, Professeur Agrégé du Service de Santé des Armées,
Médeain Principal Ch, CORBE, Ophtalmolcgiste Asaistant des H8pitaux des Armées.

Centre Principal d'Expertise Nédicale du Parascnnel Navigant de ltAéronautique
5 bis, avenue de la Porte de Sdvres - 75015 PARIS -
France.

1 -« INTRODUCTION

me 8'ils ne sont plus affectés dane des unitém opérationnelles, les membres du Per~
sonnel Navigant &gés de plua de 40 ans continuent & piloter. Ils se trouvent alors confromtiés
dans l'ayion & un problime de vision différent de celui qui eat le leur au sol, dans leur bureadus

Pour recusillir lea informations néceasairsa au pilotage, fournies essentiellement
par la foneotion visuslle, le pilote deit réaliser un certain nombre de tachea. Ces taches
exigent :

= une bonne vision & distance pour l'obasrvation de la piste ou de l'espace aérien,

- une bonne vision intermédiaire pour la lecture des instruments du tableau de bord
+t des instruments situés su-dsssua de la téte du pilote,

- une bonne vision de prés pour la lecture des plans de vol, des cartea de navigation,
des procéduren etc ..

Les distances pour les visiona intermédiaires et de prda varient d'ailleurs selon ls
type d'appareil, selan la morphologie des pilotes st selon leurs habitudes.

Une enquéte a été menée il y a quelques années auprés des naviganta civile expertisés
dans notre Centre, et &gés de plus do 40 ans. Elle nous avait montré que 22 ¥ d'entre eux hor-
taient en vol une correction optique entre 40 et 45 ans. Ce pourcentage &'slevait & 56,5 % ches
les sujets Agis de 46 A 50 ans et & 92 % au-deld de 51 ans.

Catte enquite nous avait montré également que les lunettes étajent portées plus pré-
cocement en vol de nuit.

Enfin, nous avions pu remarquer qu'aucun systime de correction utilisé par ces navi-
gants ne leur donnait entidre satiafaction ; ceci a'expliquait, au moins partiellement, par le
fait que la prescription n'avait pas été étudiée pour le travail sérien. Les lunettes mervaient
aussi bien au sol qu'en vol.

Nous ne pouvons rapporter les résultata d'une anquéte identique chex les navigants
silitaires. Les résultats ne seraient d'ailleurs pas concor dants, puisque la plupart des apparsils
militairea sont différents et que lea critéres de sélection des pilotes le sont également. Pour
les pilotes militaires, il est tenu compte, non seulement de l'acuité sans correction, mais égale-
ment de la valeur de la réfraction aprés cycloplégie (afin d'éliminer toutes les myopies latentes
et les hypermétropies supérieures 4 2 dioptries).

2 - LE PROBLEME DE L'ACCOMMODATION

el = Dans des conditions normales, en fonction de son age, un sujet peut faire varier
sa distance focale, de fagon que lea objets &loignés comme les objets rapprochés puissent étre
vus nettement.

L'onsemtle des phénnménes,qui permeitent & l'oe¢il de produiie une image neite, cons-

titue le phénoméne de l'accommodation, dont le mécanisme est essentiellement cristallinien, Il
eat caractérisé par une modification des rayons de courbure antérieur et postérieur du cristallia
et aussi par up léger déplacement en avant de la lentille, chez le sujet debout. Il s'ajoute éga-
lement un phénomdne intracristallinien, lié & une modification de l'indice de réfraction, sans
doute par tassement des fibres & la partie centrale.

Ce phénoméne d'accommodat’on, dont le mécaniame est d'origine corticale, dépend de la
aise en jeu du muscle ciliaire. Il est accompagné de deux autres phénoménes qui ase révélent in-
dépendants ; la convergence ot la contraction pupillaire avec décentrement en dehors. Ces deux
derniers phénnsénes sont, par contre, 1iés 1l'un & l'autre.

2+.2. - L'sccommodation comportc des limites, entre lesquelles elle s'effectus. C'est tout
d'abord le punctum remotum (P.R) qui représente le point ol doit se trouver un objet éloigné pour
que son image se forac nette sur la rétine, sans que 1'oceil accommode. Pour un oeil emmétrope, ce
point est situé eu deld de 6 mdtres. Le point le plus proche vu encore distinctement par mise en

Jou de l'accomgodation est le puntum proximum (P.F). En avant de lui, 1'image ne peut plua se for-
mer nettement sur la rétine.

La distance entre PP et PR est ls parcours d'accommodation (a = r = p), tandis que la

?1ff6rcnco ;ntre 1toeil accommodé P et 1'0ceil au repos R reprasente 1'amplitude dfaccommodation
A=zP - R),

Chez l'emgétrope jeune A = P = 14 dioptriea, tandis que chex l'hypermétrope A = P + R
et chez le myope A = P « R,

PRPBRSETLY NSO

.

2.3+ = L'accommodation subit des variations physiologiques et pathologiques. L'dge eat le foc-
teur principal entrafnant une diminution. La fatigue générale, tout comme la fatigue visuelle, in-
tervient de la méme fagon ! on remarque, en _“fet, & partir de la 154me minute d'un travail de prda,
un recul du PP, ce qui représente un bon teat de fatigue. De mléme les hétéirophories, lea amplitudes
de fusion médiocres perturbent 1l'accommodation. Les anosalies de réfraction, non corrigées,
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agisaent dans le méme sens,

Certainca thérapeutiques localea ou générales modifient 1'accommodation t collyres &
la néosynéphrine par exesple ou médicaments utiliaéa dans le traitement des affections digestives.

Infin, les conditions aéronautiques elles-mbmes psuvent intervenir, telles 1'anoxie,
les accélérations et le stress.

Pour que l'acte accommodatif s'effectue confortablement pendant une longue période, on
aduet que le sujet ne doit utiliser que les 2/3 ou la 1/2 de son pouvoir d'accommodation. On peut

‘ainsi définir une accommodation maximale et une accommodation efficace.

3 « LA PRESBYTIE
it qu'un sujet est presbyte lorsque ayant une viaion de loin normsle, corrigée ou
non, il éprouve des diffigultés A avoir upne vision précise et soutenue & une distance de 33 cen-

~ timdtres.

En réalité, cette définition est trds ewpirique, car la aclérosa criastallinienns est
trés progresaive et on ne peut que préciser une sone de rupture d'équilibre.

L'&ge de début est variable chex le sujet emmétrope § il se situe habituellement vera
45 ans. Certains facteurs déclenchent ou accentuent souvent ce phénomdne : une fatigue importants,
un accident, un choc psychologique, une intervemtion chirurgicale sous anesthésie générale.

Ches le sujet hypermétrope non corrigé, la presbytie apparait plus t&t, d'autsnt plua
que l'hypermétropie est plus importante.

Chez le myope, la presbytie est identique, m:ia la lecture de prds demsurant posaible,
elle pourrait passer inapergue chez un sujet non corrigé.

4 - MESURE DE L'ACCOMMODATION
Nous utilisons deux méthodes : la premidre clinique, aimple mais imprécise, la
soconde plus fidéle mettant en jeu le proximétre.

4.1 - En faieant lire l'échelle d'acuité de PARINAUD, on recherche le point rapproché & partir
duquel la lecture devient impossible.

4.2.- Le Proximétre, réalisé par les services techniques du Centre d'Etudes et de Rechwe.ches de
Médecine AZronnutique en 1958 (PERDRIEL, COLIN et BRICE), ent utilisé pour mesurer le punctua proxi-
gum de convergunce et le punctum proximum d'accommodation. Cet appareil est composc essentiellement @

- d'un sppul mernton/front permettant d'amener les yeux dars le plan du test,

- d'un dispositif optique simple qui permet de repérer le sonmet des cornées et de
Placer le zéro de la rdgle graduée servant & la mesure sur un plan normal au centre de la cornée,

« d'un anneau de Landolt noir sur fond blanc, mobile et orientable,

La distance, mesurée en centimétres, & laquelle le sujet peut encore situer correc-
tement l'orientation de la brisure de l'anneau, représents le punctum proximus d'accommodation.

5 - CORRECTION DE LA PRESPYTIE

S5e1 - On pourrait, en fonction de 1l'dge et de la valeur de l'accommndation, preacrire une cor-
rection, mals il faut également tenir compte de la distance de travail et des conditions dans
lequel il s'effectue pour proposer une correction valable.

Ainsi, si un pilote doit focaliser & 77 centimétres, dans 1'hypothése aéséx rare ou
il est emmétrope, l'accommodation nécessaire sera donc égale i
1
oS = 1,33 dioptries.

5'il egt hypermétrope de 0,50 dioptrie, ce qui est par contre trés frénquent, 1l'accommndation néces-
saire sera de 1,33 + 0,5 = 1,83 dioptries. En vol de nuit, ol la valeur de l'hypermétropie augmente
d'environ 0,60 dicptries en éclairage rouge d'aprés PADZIKHOSKI, l'accommodation nécessaire mera
donc de l'ordre de 2,5 dicptries. En supposant que notre pilote, choisi pour exemple, ne puiasse
utiliser que les 2/3 de 8son accommodation pendant une longue période, il faudrait qu’il dispose

de prés de U dioptries pour 8tre certain gqu'aucun facteur environnant ne 1l'empchera dlaccosplir
les taches visuelles qui lui incombent. Si l'on retient, comme certains auteurs, l'utilisation de
la moitié de l'accommodation, 1l lui faudrait alors 5 dioptries.

Les courbes établies d'aprés DUANE situent ces valeurs entre 42 et 44 ans.

5.2¢~ Les solutiona utilisées pour corriger lea presbytea sont nombreuses et tiennent compte du
type d'appareil, de la valeur de la vision de loin et de l'ége.

Lorsque le parcours d'accomsodation se révéle étra inférieur & quatre dioptries, la pre-
midre correction sera le plus aocuvent prescrite.

Elle se fera en tenant compte de 1'hypermétropie préexistante. 5S4 1'acuité visuyelle de
loin est normale, il suffira, tris souvent, de la corriger pour améliorer d'une fagon permanente la
vision intermédiaire et la vision de pris.

Certains sujets préférent ne pas mndifier leurs habitudes et se contentent d'une demi-
lunette & monture étroite qui leur permet 1'addition qui aoulage leur accommodation.

D'autres sujets préférent svoir recours A un monocle, utilimé seulement et & la demande
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pour la vision de pris.

84 ltacuité visuelle de loin est diminuée et ai la puissance d'accomsmodation est su~
périeure & 2 dioptries, il faut envisager l'usage de verres bifocaux. La vision de loin et la

vision intermédiaire mse fera avec le foyer supérieur, tandis qu'un petit foyer imférieur prwrat-
tra la lecture de prés.

lorsque le parcours d'accomaocdation devient inférieur & deux dioptries, la vision in-
-termédiaire deviendra impossibie et il faudra envisager un verretrifocal. Pour réaliser celui-ci, il
est souhaitable de placer la correction pour la vision intermédiaire en haut du verre et la correc~
tion pour la vision de prés le plus bas possible of n'occupant qu'une petite surface. La surface
intermédiaire la plus grande possible servira & la vision de loin.

Pour tous ces types de lunettea. il favt inaister sur un parfait réglage. En effet,
une mauvaise inclinaison des verres comme vn mauvais centrage peuvent entratner des effets pris-
“watiques impcrtants. I) faut ézalement veiller & la distance entre sommet de la cornée et face
postérieure du verre, toute augmentation de cette distance augmentant la pui.sance sffective.

Nous avons maintenant & notre disposition des verres & foyer progressif qui semblent
devoir reaplacer les verres multifoceux lorsque le pilote n'a pas besoin d'une correction inter-
médiaire pour lire les cadrans placés au-dessues de lui. Lea premiers verres progressifs mis A
notre disposition mvaient été abandonnés. La vision au centre du verre était, en effet, satis-
“faisante mais, latéralement, s'accompagnait d'aberrations & l'origine d'images floues. Il était
donc impossible d'atterrir avec ce type de correction. En vol, pour éliminer les images floues,
ie pilote était obligé d'effectuer des mouvements de rotation de la t8te qui pouvaieant créer des
illusions aensoriellea é&u type dos phénomdnes de balancement et de roulis.

Actuellement, lea verres progressifes présentent une valeur optique pratiquement équi-~
valente dans tous les secteurs du verrs, ce qui permet de les prescrire avec profit. Il demeure
nécessaire de veiller & la bonne rémlisxtion de ces lunettes, qui doit &tre confiée & un opticien
compétent et entraliné au moatage de ces verres.

L*utilisation de deux paires de lunettes demeure exclue j pour des pilotes qui ne
sauraient s'habituer aux verres progressifs, nous prescrivons parfois des '"lunettes a& monture
basculante". Il s'agit d'une lunette normale avec des verres bifocaux, sur laquelle eat articulée
une monture additionnelle dans laguelle on peut placer des verres bi ou trifocaux. Il est donc
possible de jouer avec les puissances en les additionnant ou em les soustrayant, ce qui peimet
de faire faco & toutes les conditions de vision imposées par le pilotage. La manceuvre peut a'ef-
fectuer si rapid-ment qu'elle ne géne pas le travail aérien. On prescrit le plus ascuvent dans la
monture fixe la correction de loin plecée dans un petit segment de la partie supérieurs du verre,
la partie médiane ot inféricvure étant utiliséea pour la correction de la vision intermédiaire. lLa
monture mobile porte une correction qui permet lorsqu'elle est en service de lire les instruments
avec la partie supérieure du verrs et les textes irprimés ou les cartes avec la partie inférieure.

Les pilotes d'avions de transport, pour lesquels nous avonn fait une telle prescrip-
tion, en sont satisfaits.

6 - CONCLUSIONS

Pour obtenir de bons résultats dans la correction des piletes devenus presbytes, il
est biea slir nécessaire de mesurer lors des visites révisionnelles la réserve d'accomaodation. On
se heurte le plus souvent & ces réticences et on peut se demander si les lunettes sont réellement

portées. L'utilisation asscz fréquente du monocle qui se révéle discret, mais assez peu efficace,
yarait un sxcellant exemple.

I1 faut aussi asdmettre qu’aucune des solutions optiques proposées n'est réellement
satisfaisante.

I1 faut enfin insister sur la nécessité de faire réaliser pour le vol des lunettes qui
seraient différentes de celles utilisées au sol, puisqu'elles doivent prendre en considération un
certain nombre de paramétres particuliers.
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DISCUSSION
GLICK: Does the variable focus lens also go by the name of Varilux as did the original lens?

CHEVALERAUD: Yes, this lens is identified now as the Varilux II.

Do you find you have to take into account aviators vho are flying with red cockpit lighting
and require an extra accommodative effort?

CHEVALERAUD; Yes, since we are aware of the additional plus lens necessary to correct the presbyopia
under red lighting, This extra amount is tested for and given in the correction.

TREDICI: Do you still use red cockpit lighting?
CHEVALERAUD: We use it in combat aircraft,
KUCHNER: How compatible 1s the spectacle with the head gear and with the protective helmet?

CHEVALERAUD: There is no significant problem as to why the spectacle framea cannot be worn under the
visor, The glasses are compatible with and can be worn with the helmet.
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APTITUDE AU VOL ET LENTILLES DE CONTACT SOUPLES.

T T hliis s -
A 10

Médecin en Chef CHEVALERAUD, Professeur Agrégé du Service de Santé das Armées.
Médecin Général G. PERDRIEL, Professeur Agrégé du Service de Saunté des Armébes,

Ecole d'Application du Service de Santé pour 1'Armée de 1'Air
5 bis, avenue de la Porte de Sidvres = 75015 PARIS =
France.

" Il est évident que la fabrication d'une armure de chevalier du Moyen Age eat bien différente
de la confectlion d'un costume de Tergal «.. ".

3 Ct'est en utilisant ces termes que WICHTERLE comparait les lentilles classiques avec
o ~ les lentilles souples hydrophiles, lors d'une conférence & ROYAUMONT (France), en avril 1,654,

1 -~ LES LENTILLES RIGIDES (“"hard"
¥a 1947, volci dopno prés de 30 ans, dans leur remarquable rapport & la Société d'Oph-

talmologie de Paris, MERCIER et DUGUET avaient rappelé les avantages et les inconvénients des ver-
res de contact en aéronautique. Il s'agissait alors de verres A sppul scléral. Ils concluaient &
1a compatibilité probalie de ces prothdses avec le vol en sltitude, & la possibilité de les admet-

. tre dans les mimes conditions que les verres de lunettes classiques, sous réserve d'un contrdle
éventuel au caisson & dépresaion et d'une tolérance parfaite pendant au moins dix heures.

Malgré cet espoir,ern France du moins, lees membres du personnel navigent militaire,
porteurs de lentilles de contact, sont trés peu nombreux. Encore s'agit il toujours de sujets
possddant une expérience aéronautique, victimes d'accidents ayant entrainé, dans presque tous
les cas, une aphaquie unilatérale.

En offet, malgré les cas favorables enregistréa pendant la dernidre guerre sondiale
avec ce type de prothdse, on a su trés rapidement que 50 ¥ & peine des pilotes équipés supportaient
ces prothdses (CROSS, 1949 - NEELY, 1953).

Les lentilles précornéennea rigides ("hard contact lensea"),plus légérea et n'entravant
pas la circulation limbigue, ont fait naitre un nouvel espoir. :

Cependant, de nombreux auteurs,en expérimentant au caisson A dépression, ont ais en
évidence la libération de nombreuses petites bulles gareuses ayant tendance & e grouper au cantre
b de 1a cornée, h partir de 3500 métres. En France, 1'un d'entre nous, (Perdriel, 1958), a confirmé
3 ce phénonéne décrit précédemment avec des verres & appul scliral par DUGUET ¢t DUMONT. Cette ma-

* nifeatation a également été décrite par d'autres auteurs, en particulier par Mac CULLOCR (1962),
b BERTENYI (1962} . LEHWESS et LITZMAN (1964),

Les bulles de gaz qui apparaisssnt, et qui se révilent &tre de l'asote, agissent de dif-
térentes fagons 3

- métaboliques sn glnant la respiration cornéenne, ce qui aatraine un oedéme, générateur
- d'une baisse de l'acuité et d'une augmentation de la sensibilité & 1'éblouissement (MILLER, WOLF,
: GEER et VASSALLO),

= mécaniques; en se groupant au centre de la cornée, les bulles créent une sensation
de brouillard diminuant 1l'acuité. Elles creusent en plus de potites fossettes juxtaposées, dana
1'épithélium cornéen. Lors du retaur vers le sol, lea bulles disparaissent ou, au contraire, per=
3 aistent.

Y
VAT g

o ! Une instillation de fluoresceine permet de visualiser les petites fossetics conitaties
1 ] en altitude. Ces lésions retiennent le colorant vital, affirmant i'altération de 1l'épithélium cor-
1 3 néen. Le parenchyme, par contre, demeures le plus souvent norsal. Aprds cicatrisation sans séquelle,
1'acuité redevient normale.

Le risque de complication parait avoir été l'argument le plus important pour refuser
le port des lentilles cornéennes.

Le deuxidme srgument était le risque de voir un corps étranger se glisser entre la cor-
née et la lentille pouvant créer une intolérance inmédiate ou, au comtraire, une lésion importante
cicatrisant avec des séquelles.

Le troisidme argument étajt que,lors des accélarations, il existait, du fait du poids
des lentilleas, un risque non négligeable de les voir glisser en dehors de l'axe visuel.

L'épreuve au calsson & dépressicn est obligatoire avant une décision de dérogation. Si
elle eat favorable, le port de lentille peaut &tre autoris§ le sujet abapdonnant le pilotage d'avions
de combat pour celui des svions de limison ou de transport.

2 - LES LENTILLES SOUPLES HYDROPHILES ("Soft Lenmes"

"X - Ta uise au point en Tchécoslovaquie par HTERLE et SIM de lentilles de contact hydrophiles
a suscité, en 1960, des espoirs nouveaux et un événement marquant dans 1'évolution de la lentille
de contact.

L s rd Rl

2 = Les lentilles souples sont conastituées de gels hydrophiles qui sont presque tous des ] :
polymtres ou des copolyméres de 1'Héma (2 Hydroxy-Ethyl-Methamylate). . ;

Les trois propriétés essentielles da ces lentilles sont les suivantes !




A Sy r——y =

e T T

PNT T IHET I T T

C6-2

= L'hydrophilie t #lle dépend du degrd de réticulation du patériau. La teneur en eau
varis de 4O % & 70 % (pourcentage du poida de l'eau dans la lentille enturip) H oy

=~ la souplesss : elle permet le confort, une adaptation rapide et la poslibilitb de
n'utiliser lea lentilles que pendant quelques heures chaque jour, ai on le désire i

-~ la perméabilité : plus la quantité d'eau abserbée par 1'hydrogel est grande, plus
sa perméabilité 4 1'eau, aux molécules aolubles dans l'sau et aux iona est iwportante. Ceci per-
met d'envisager une meilleure physiolagie cornéenne.

On utilise actuellement des lentilles contenant RQ % d'eau.

3 = Les lentilles souples semi sclérales, dont ls diamdtre est compria entre 13 et 16 mm, mont
actuellement les plus utiliméeas et paraissent convenir & la plupart des cas. .

Lea lentilles souples cornéennes, dont le diamdtre corraspond & celui de la cornée,
ctest & dire entre 10 ot 12 mm, sont d'utilisation plus limitée. ;- :

Enfin, les lentilles souples hydrophiles toriques, d'apparition récents, ne peuvent
$tre utilisées que pour corriger une myopie supérieure & 3 dioptries, usoociée & un astigmatisme
compris entre 1 et 4 dioptries. Elles sont actuellement peu utilisées, ua.l on ponao qu'elles
pourraient, dans l'avenir, asrvir A la correction des aphaques. v

L'apparition de ces lentilles, beaucoup mieux supportéea que les pricédqntol. a fait
envisager leur utilisation en aéronautique. i

3 = EXPERIMENTATION
1/ Protocole : Nous avons voulu étudier le comportement de ce type de lentilles au caisson &
dépression.
Nous n'avons pu tester que quatre sujets jeunes, non naviganta, portant des lentilles
4 40 % d'hydrophilie. Dans deux cas, il s'agissait de lentillas semi sclérales, dans les deux
autres cas de lentilles cornéennes.

.

Les sujets de notre expérience étaient squipés depuia plusieurs semaines. L'adaptation
avalt a&té précédée d'un examen ophtalmologique comprenant en particulier 1'étude de la sensibilité
cornéenne avec l'esthésiométre de COCHET et BONNET, 1'étude du tonus oculaire avec le tonométre i ‘-
aplanation de Goldmann, 1l'étude de la perméabilité dea voies lacrymales, la mesure de la Bécrétion .
lacrymale avec le test e SCHIRMER et, enfin, l'étude de la vision binoculaire.

4

]
3
E

La mesure de la sécrétion lacrymale avait été particulidrement précise car 1'hypo-
sécrétion nous paralt &tre la premildre contre-indication & 1'équipement e¢n lentilles souplea hydro-
philes. Quelques hdtesses de l'air, qui atilieent leur lentille & bord d'avions commerciaux, souf-
frent souvent d'irritation conjonctivale chronique liée & la sicheresse de l'atmosphire. Pour
éviter la chute des lentilles qui se produit parfois, elles doivent instiller, & intervalle régu-
lier, lors des vols de longue durée, des larmes artificielles (BOISSIN),

Le protocole d'examen a été le suivant 3 montée & 3500 ou 4000 mdtres avac une vi-
tesse ascensionnelle de 10 métres/seconde, sans inhalateur. L'altitude étant atteinte, on obsers
vait un palier de 15 minutes, puis la descente s'effectuait avec une vitesse de 10 mitres/
seconde. Un examen blomicroscopique était pratiqué dans le caisson avant la mise en route des
pompes, puis tous les 1000 mdtres pendant 1l‘'ascension et la descente. Au cours du palier, les
cornédes étalent examinées toutea les cinqg minutes.

it e, S R Lo e Sk

:
e

Danm les cing minutes auivant le retour au sol, l'acuité visuelle était mesurée,
puis les lentilles étaient retirées. Une mesure de la sécrétion lacrymale et un lavage au sérus
aprés instillation de fluorescéine étmient pratiqués.

i e flid kbl i il

2/ Résultats :
es sujets équipés ne se sont jamais plaint de sensations désagréables lors de ce

vol simulé,
~ Aucun dégagement gazeux n'a éte constaté.

[ERERINTYY SN

= Aprés le retour au sol, l'acuité était la méme que celle mesurée avant l'entrée
dans le caisson.

- La sécrétion lacrysale demeurait inchangée, la longueur du papier humidifié dans
le test de SCHIRMER étant identique.

- Enfin, la cornée ne retenait pas le colorant, ce qui prouvait l'intégrité de
1'épithélium cornéene.

4-CONCLUSIONS
Les conclusions de notre expérimentation rejoignent exactement celles de POLISHUK
et RAZ, qui précisent de plus la stabilité des lentilles pour des accélérations de 6 G, et éga-
lement celles de CROSLEY et Coll.

Nous pensons donc que nous devons nous orienter vers des lentilles de ce type chaque
fois qu'il s'avire nécessaire d'envisager une correction par contact. Cea cas doivent demeurer
exceptionnels et se limiter A des sujets expérimentés et victimes d'accidents.

Dans l'aviation militaire frangaise, il ne parait pas souhaitable d'envisager
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1a multiplication de ces prothésea. Les normes d'aptitude actuellement en vigueur .xclueat
d'ailleurs les sujets amétropes qui devraient avoir recours A des verrea correcteurs. Ls port de
lentilles ne se juatifie donc pas.
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DREYER:

CHEVALERAUD:

TREDICI:

CHEVALERAUD:

e T R I e IR DL )

DISCUSSION

I work very much with contact lenses; this is another activity of our clinic. 1 cannot
share with Dr Chevalersud his optimism on the soft lenses because the main complaint

of persons fitted with soft lenses is the very high degree of shifting of the visual

acuity. This has been the complaint of my patients, who are not aviators, so that T am

not sure that all aviators can pass the visual requirements. Another thing with the soft
lenseg is that they need a very high degree of care, I should like to hear Dr Chevaleraud's
conments on that.,

In my experience with studies done in the altitude chamber there has been no decrease in the
visual acuity while wearing the soft contact lenses, Dr Dreyer, are you referring to soft
lenges, hydrophilic soft lenses, that contain 40X water, or to certain others that I am
acquainted with that have 60 or even 70X water? My experience with those containing only
40X water has been--that we have not found any changes.

I see you have 36 humidity in the chamber and in the airplane, Many times in Texas we do
not have that much humidity at ground level so we avre already starting with well below this
level. 1In our planes the hurildity is less than half of that once they are at altitude.
It pay not be peoasible to produce enough tears and the visual acuity in a few subjects
has been observed to drop reveral lines. And secondly, unfortunately for us, in the states

. we can only clean these lenses by again FDA-approved methods, which necessitate hauling a

large amount of paraphernalia around--baby bottle warners, salt solutions, etc. Right
now we can only boil them, we cannot use any kind of chemicals and so with all of these
drawbacks we are not using them for aviators as yet., The only question I have is about
the humidicy, I felt the humidity was less than 36X at altitude, less than the exper-
imental conditions of the chamber, which would then accentuate the problem of lens drying
and changes in acuity,

I agrse with you except that the basic conditions of humidity are as they are and cannot be
altered
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VISION WITH THE AN/PVS-5 NIGHT VISION GOGCLE

MAJ Roger W. Wiley and CPT Frank F. Holly
U.S. Army Aeromedical Research Laboratory
Fort Rucker, Alabama 36362

This paper presents the results from a series of experiments in
which visual performance using the AN/PVS-5 night vision goggle was
measured. Visual modulation transfer functions of the man-goggle
system were determined and compared to results obtained with unaided
viewing. It was found that the man-goggle system performance was
superior to unaided visual performance at average target luminances

-equ.valent to 5§ and 25% moon illuminances. At a target luminance
equivalent to a full moon illuminance, unaided visual performance
was superio - at higher spatial frequencies, while remaining poorer
at the lower spatial frequencies. Using a modified Howard-Dolman
apparatus, it was determined that the stereoscopic threshold was
degraded with the man-goggle system. Field measurements of relative
depth discrimination using all available visual cues showed that
performance of the man-goggle system was statistically equivalent to
unaided photopic visual performance at intermediate viewing distances,
but was inferior to unaided viewing at distances of $00 feet or
greater. While use of the night vision goggle reduces the ambient
light level necessary for military rotary wing support, use of the
goggle does not allow the cperator to perform uitﬁ photopic visual
efficiency.

INTRODUCTION

Recent military experiences and modern tactical considerations have dictated the
requirement for placing emphasis on sustained operations with future military deployment.
Such sustained operations imply continuous activity by military units during periods
of darkness as well as daylight. The requirement for operating during periods of
reduced illumination will place new perceptual demands and physiological stress upon
the individual soldier. Since vision is the principal sensory modality with which
man gathers information from the external world about him in order to function
effectively, major military operations historically have been conducted during periods
of good illumination.

The eye and related neura. structures comprise an extremely effective information
processing system. The visual system has a total dynamic range in response to light
stimulation much greater than any other known photodetection system. In order to
achieve this large dynamic range, several physiological adaptations and compromises
have been accomplished. The duplicity arrangement of the retina represents one of
the most effective adaptations., At moderate to high light levels, the cone or photopic
system is operational and processes visual information with remarkable resolution
along several dimensions (coulor, spatial, temporal). At lower light levels, down to
the order of several photons, the rod or scotopic system is operational. In order to
be capable of functioning st low light levels, some severe visual compromises have
been made., Fur example, the scotepic system integrates light over relatively large
retinal areas so spatial resolution is considerably reduced. No color information is
processed, and temporal processing is reduced. The limited information provided by
the scotopic visual system restricts the capability of the soldier to effectively
perform his military duty.

In recognition of the requirement for sustained military operations, two avenues
have been pursued to reduce the impact of the basic limitations of the scotopic
visual system on military operations during periods of darkness. The first approach
has be2n to increase the amount of time devoted to operational training at night. It
is felt that this will reduce the stress and increase the perceptual proficiency of
individuals during night military operations. However, the anatomy and physiology of
the human visual system are relatively immutable and certain tasks, such as nap-of-
the-earth (NOE) rotary wing flight, require more visual information than the scotopic
system can provide. To fulfill this need for low light level visual information,
major technological advances in light amplification and infra-red systems have been
developed in recent years.

The AN/PVS-5 Night Vision Goggle (NVG), developed by the U.S. Army Night Vision
Laboratory, is considered an effective interim solution to allow U.S. Army aviators
to conduct rotary wing operations at night. While the NVG performs admirably in
light amplification, use of the NVG has presented new problems and questions for
those of us concerned with the human in this man-machine loop. For the past several
years, personnel at the U.S. Army Aeromedical Research Laboratory have been conducting
experiments designed to determine the present and potential impact of the NVG on
aviators during rotary wing flight. A previous AGARD Conference report! reviewed
studies conducted by other laboratories on the NVG, and these will not be further
detailed here. However, several reports have more immediate pertinence to the present
conference and should be discussed briefly.
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As with any new device, there has been some concern about ﬁossible damage to the

eyes while using the NVG. Several military agencies reported that their personnel
were complaining of a so-called "brown eye syndrome" after.using the NVG. This prob-
lem was investigated and found to be simply a color afterimage which should be ex-
pected after viewing the narrowband output of the P20 phosphor used in the goggle?,
In addition, the persistence of the afterimage lasted only a brief period of time.
However, the P20 phosphor output has caused another problem of some significance.
This is the loss of color information while using the NVG. Because of the reduced
resolution and narrowband output of the goggle, standard navigation maps cannot be
used. Recently, the U.S, Defense Mapping Agency has developed an experimental map
consisting of a reversed contrast display. It has been determined that adequate
information can be obtained from these black background maps using either the goggle
or with the naked eye and aviation red illumination?®.

The NVG is powered by a 2.7 volts wafer battery. Since goggle failure occurs
due to low battery output without prior warning, it is of some importance to know the
state of adaptation of the eKe upen removal of the NVG. With normal viewing condi-
tions, luminance output of the goggle display is between 0,7 foot lambert and 1.5
foot lamberts. It was found' after allowing subjects to fully dark adapt followed by
a S-minute period of viewing with the goggle that visual sensitivity had degraded to
that level normally found at approximately 10 minutes into the course of dark adaptation.
However, the average recovery time (i.e, time to return to 30 minute level of sensi-
tity) was 2 minutes,

This report presents results from experiments designed to determine the effects
of the goggle on a user's ability to make relative depth discriminations under both
field and laboratory conditions. Data are also presented on the visual modulation R .
tranfer function of the man-goggle system. -

METHODS and RESULTS

(1) Laboratory Measures of Relative Depth Discrimination

A modified Howard-Dolman apparatus was used for the laboratory measures of rela-

tive depth discrimination. Modification: to the basic instrument consisted of driving NI

the variable vertical rod by a motor which was controlled by a radiofrequency re- R
ceiver. The observers held a radiofrequency transmitter and moved a toggle switch in : i
a fore and aft direction to elicit rod movement and effect alignment with the fixed .
comparison rod. When an observer indicated alignment of the two rods, displacement B

readings to the nearest G.1 mm were taken with a digital voltmeter which read the

voltage across a linear potentiometer attached to the variable rod. Except for a

0.75° X 1.75° viewing window in the front of the instrument, the apparatus was com-

pletely enclosed and illuminated with electroluminescent panels lining the sides and

top of the case. The luminance levels used were 6,70 foot lamberts for the naked eye )
observations and 0.012 foot lambert for the observations using the NVG. ’

s HELS

Six experienced aviators were used &s observers. A modified method of adjustmeat
was used, and during each testing period, an observer would make 10 readings under -
each of four different viewing conditions: unaided monocular, unaided binocular, -
monocular with NVG, binocular with NVG. To eliminate an order effect, the viewing © R
conditions were alternated after each observation. All observations were made at a . E -
viewing distance of 6 meters from the fixed rod.

Hirsch and Weymouth® first discussed the theoretical implications of measures of
depth discrimination thresholds, and their suggestion of using the standard deviation
of the linear displacement scores has been adopted by other investigators in subse-

uent reports. Accordingly, our threshold measure was the standard deviation of the
isplacement scores from the 10 observations made by each observer under the different
viewing conditions. Table 1 shows the average thresholds obtained from the six
observers with the four viewing conditions., It can be seen in this table

Table 1. Relative Depth Threshold with Howard-Dolman Apparatus

Linear Threshold Angular Threshold 40
(Centimeters) (Seconds of Arc) ‘

Binocular 1.34 5.0 2
Monocular 5.19 19.3 4
Binocular/NVG 4.80 17.6 ¥

Monocular/NVG 7.04 26.2
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that unaided binocular viewing yielded results superior to any of the remaining three
conditions, Binocular viewing with the NVG was slightly better than unaided mcnocular
viewing, while monocular viewing with the NVG gave the poorest results. Scheffe's $
multiple comparison method was used to statistically evaluate these data. There was

a significant difference (p<.0l) between the results obtained with unaided binocular

view n§ and those found with the other three viewing conditions. However, no statistically
significant difference (p<.0l) was indicated between the thresholds with unaided

monocular viewing, binocular-NVG viewing, and monocular-NVG viewing.

Thresholds in terms of angular disparities are also shown in Table 1. These
were determined using the following equation®:

ne= a (ad . 206,280
d

where

n = angular threshold in seconds of arc

a interpupillary distance
4d = linear displacement of the variable rod from the
fixed rod

d = observation distance

A binocular threshold of approximately S5 seconds of arc is of the same order of
magnitude as those which have been presented in previous investigations®:’,

(2) Field Measures of Relative Depth Discrimination.

The six observers used in the laburatory study were also used for the field
measures of relative depth discrimination. Again, a modified method of adj' stmeit
was used and the observer's task was to indicate when two targets, one fixed and one
variable, were judged to be at the same distance from him. However, several pro-
cedural changes were made. Only three viewing conditions were used: monocular
viewing during the day, binocular viewing during the day, binocular viewing with the
NVG at night. Only one viewing condition was tested during each observation period,
and two aviators, alternately responding, were tested during the same period. Full moon
no overcast conditions prevailed during the night testing periods with photometric
measures of moon illuminance averaging 1.7 x 10°“ foot candles.

The aviator subjects were seated in the cockpit of a UH-1H helicopter and viewed
target pairs (one fixed and one variasble) placed at distances ranging from 200 feet
to 2000 feet from the helicopter along an inactive runway at Shell Army Airfield,
Fort Rucker, Alabama.

The targets consisted of white cloth stretched over metal framework. The larger
variable targets were mounted on wheels to allow easier movement. The actual sizes
of the targets, as shown in Table 2, were established so that each of the five target
pairs would subtend a visual angle of 10' x 30' at their respective testing distances.
Lateral angular separation between the two targets of each pair was maintained at
1.5° for all testing distances.

Table 2, Actual Size of the Target Pairs

Testing Distance Target Size
(Feet) (Feet)
200 0.58 x 1,75
500 1.46 x 4.37
1000 2,91 x 8.73
1500 4,37 x 13,09
2000 $.82 x 17.46

Figure 1 shows the resultant thresholds for the three viewing conditions at all
testing distances. As with the laboratory study, the measure of threshold was the
standard deviation of 10 observations at each distance for all conditions. The aver-
age threshold for all six observers is shown in Figure 1. It can be seen that while
the monocular and binocular results were similar, the depth discrimination performance
with the night vision goggle was clearly inferior at most of the testing distances,
Again, Scheffe's S multiple comparison method was used to statistically evaluate
these data. Results indicate that there is a statistically significant difference
(p<0.01) between the unaided daylight monocular and binocular thresholds only at the
2000 feet testing distance. However, NVG performance was significantly different
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from monocular performance at all distances except 200 feet, and goggle performance
¥as sigﬁigégngt-y different from binocular performance at all distances except 200
eet an eet,

The results in terms of angular thresholds using the conversion equation dis-
cussed earlier are shown in Figure 2. It can be seen, and has been shown previ
ously?s%+¥+19  that the angular threshold for relative depth discrimination decreases
with distance. However, these angular thresholds cannot be viewed as stereoscopic
disparity thresholds. Clearly, additional monocular cues such as size constaacy are
operational for these depth discriminations made under field conditions at all of the
testing distances.

(3) Visual Modulation Transfer Functions of the Man-NVG System

Using simple clinical measures of visual acuity, it has been determined that
Snellen acuity using the goggle is about 20/60, corresponding to a minimum angle of
resolution of 3.0 minutes. However, such one-dimensional measures are not completely
adequate since angular subtense of the resolution target is the only variable satis-
factorily controlled and higher-order factors such as blur interpretation can confound
the results. The luminance output and the signal/noise ratio of the goggle do vary
with chanpes in scene luminance. A more quantitative technique to describe man-NVG
performance is that offered by the visual modulation transfer function (VMTF) which
allows control of such external variables as average scene luminance, contrast, and
angular subtense of the resolution target. :

The modulation transfer functions obtained in this experiment were determined in
the following manner. The subject sat in a darkened room and viewed a television
monitor on which was displayed an electronically-generated spatial sine wave grating.
The experimenter established and controlled the average luminance on the video dis-
play, and the subject controlled the depth of modulation (contrast) of the grating
around the average luminance. The subjects were allowed several practice sessions
with the equipment prior to the actual data collection periods. Two viewing condi-
tions (unaided and with the NVG) and four average luminance levels were used. The
average luminance levels used correspond to the luminance of grass (12% reflection)
under a 5%, 25%, and ful) moon illuminance :'ith no overcast conditions. The fourth
level of 25 foot lamberts, considerably above the level with which the NVG would be
used, is presented for comparison purposes.

Figure 3 shows the modulation transfer functions at the four average luminance
levels for a man wearing the goggle and also when using his unaided vision. The
ordinate values of percentage modulation were determined from the relationship,

Brax ° Bmin

Bmax * Bm
quency, The data presented in Figure 3 represent the average modulation thresholds
obtaijned from two subjects who were very experienced in making visual psychophysical
observations. It can be seen in Figures 3A and 3B that the man-goggle system performs
better than unaided vision at the low average luminance levels with a 5% and 25%

moon. The depth of modulation (contrast) required to make the grating just visible

was less at all spatial frequencies when viewing with the goggle at these levels.
However, at a luminance under a full moon (Figure 3C), the observers performed better
using unaided vision at high spatial frequencies while performance was better using

the goggle at lower frequencies. Figure 3D shows that unaided eye performance is

much superior to that achieved with the goggle when the target luminance is sufficiently
high to allow the photopic system to operate.

X 100, and are plotted logarithmically as a function of spatial fre-
in

DISCUSSION

Although the MTF's of the man-goggle system have not been published previously,
knowledge of the visual modulation transfer functions of the human visual system!!
and of the night visior goggle'? have been available, However, these separate MTF's
are insufficient to predict performance of the man-goggle system. Modulation transfer
functions do not cascade between optical components which are directly coupled. When
the optical components of a system are separated by diffusers, the overall system MTF
can be determined simply by multiplying the individual MTF's, However, when the
various components are directly coupled, as is the case when a man views with the
night vision goggle, the individual MTF's cannot be multipled to determine the over-
all system MTF. This is because the aberrations of one component may compensate for
the aberrations in another, and thus produce an image quality for the combination
which is superior to that of either component. Any '"corrected" optical system
utilizes this principle.

As noted previously, Figure 3 shows that the quarter moon performance while
wearing the goggle is superior to thzt of the unaided performance at all frequencies
while at full moon light levels, the unaided performance is better at the higher
frequencies and is slightly poorer than the man-goggle system at the low frequencies. !
Therefore, under quarter moon illuminance, the resoiution limit of the naked eye is {
lower than that of the man-goggle system whereas under full moon conditions, the
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resolution of the goggle is the limiting factor and the naked eye performance over-
takes that of the man-goggle system. It should be noted that the amount of 1light
provided by a 5% moon is considered insufficient for NOE flight even with the goggle.
One effect of the NVG is to increase the luminance levels of the visual stimulus to a
range where the discrimination (AI/I) threshold for the visual system is less and
the visual system is more sensitive to contrast. This is shown in its purest form at
the lower frequencies where resolution limits do not confound the effect. While the
effect of raising the luminance levels into a AI/" range in which the visual system
is more sensitive is probably the main influence on the results with the lower fre-
queacies and lower luminances, we cannot eliminate the possibility that the NVG also

‘provides some contrast enhancement or decrement. A nonlinear goggle output brightness

in response to a changing scene brightness would provide either contrast enhgngement
or decrement depending upon whether the shape of the nonlinear curve was positively
or negatively accelerated.

Information obtained from the U.S. Army Night Vision Laboratory indicates that

_the resolution capability of the NVG is 0.67 line pairs/milliradian. However, this

limit was established with a microphotometric measurement of goggle output, snd scene
luminance was not specified. The limit of 0.67 line pairs/milliradian is approxi-
mately equal to 12 cycles/degree. Our data using equivalent moon illuminances (Fig-
ures 3A, 3B, 3C) show the cut-off spatial frequency to be between 6 cycles/degree and
8 cycles/degree, The actual resolution capahility of the man-goggle system is lower
than the physical specifications of the goggle, and it is obvious that the contrast

_detection of the human visual system is less sensitive than the physical system used

to specify goggle output.

The present data are in good agreement with our observation that aviators expe-
rienced in flying with the night vision goggle prefer to use the goggle at quarter
moon illuminance while at full moon illuminance, these same aviators usually prefer
to fly with unaided vision. As shown in Figure 3C, resolution with the unaided eye
is higher at the full moon illuminance level. It should be remembered, however, that
other factors such as the height of the moon may also enter into consideration. For
example, if the aviator is flying along a river bed or other partially shaded area
and the moon is low in the sky, his immediate surround may be receiving much less il-
lumination than open areas, and he may choose to use the goggle even with a full
moon.

The reduced resolution capability with the NVG has probably influenced the
results obtained in the depth discrimination experiments. As shown in Table 1, the
results obtained with the Howard-Dolmaa apparatus indicate that the depth discrimi-
nation thresholds with unaided binocular vision were superior to those obtained with
binocular viewing thresholds, while thresholds obtained with the NVG and monocular
viewing were the poorest. Statistical evaluation indicated that while there was a
statistically significant difference (p<.01) between the thresholds of binocular
viewing and the remaining viewing conditions, there was no =zignificant difference
between unaided monocular, binocular-NVG, and monocular-NVG viewing conditions.
However, our own observations and comments from every subject used in these experi-
ments indicate that there is a perceptually significant difference between binocular
viewing with the NVG and the two monocular viewing conditions. That is, even though
the targets are not as clear, depth judgments using binocular viewing with the NVG
are more easily made than those using unaided or aided monocular viewing.

. An upright image is achieved with the NVG by means of a fiber optics twist con-
tained within the optics of the tube. The fact that adequate spatial information is
Tetained after the fiber optics twist is shown by the readily fused images presented
to the eyes by the two tubes in the NVG. One might reasonably expect disparity
infornation to be retained also. Therefore, the decrement in performance while using
the ioggle from that of unaided binocular viewing is mainly ascribed to the loss in
resolution.

The loss of resolution resulting in larger depth discrimination thresholds can
also be seen in a comparison between the unaided and aided monocular performances
(Table 1). The Howard-Dolman apparatus is usually considered to yield measures of
central stereopsis. Relative depth judgments witz this instrument are supposedly
based upon disparity of the retinal images of the two eyes. However, cues for depth
judgment other than image disparity are available to the observer with the Howard-
Dolman apparatus. This is ' ‘ue with the instrument used in the present experiment.
One cue, proximal image siz., was purposely left available for our subjects. Size
was probably the major cue used to make the displacement settings when the targets
were viewed monocularly. Although the cues available to the observer when viewing
the apparatus monocularly with and without the NVG were the same, the degraded image
of the targets with the goggle resulted in a threshold which was much greater than
that found with unaided monocular viewing.

The field experiment was designed to measure relative depth discrimination
thresholds using the goggle and to compare that performance with depth thresholds of
daylight unaided vision. With the preponderance of monocular cues, the cue of retinal
image disparity was relatively minor, and little difference between monocular and
binocular performance was expected. This supposition was supported as shown in
Figure 1 in which the monocular and binocular thresholds are statistically equivalent
at all testing distances. However, for distances of 500 feet or greater, Figure 1
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also shows that depth discrimination performance with the night vision goggle is
significantly poorer. As with the results of the laboratory study, the larger
thresholds cbtained while the observers viewed with the NVG are probably the result
of the reduced resnlution. That is, while information similar to that used by the
observers when viewing the targets during daylight was also available tc them when
they used the night vision goggle, most of the cues, such as texture, gradients,
lighting and shading, and linear perspective, had become sufficicntly subtle to
r2sult in larger thresholds .

Our results have shown that stereopsis, the apprecjation of depth by means of
the disparity of the retinal images, is significantly reduced when wearing the night
vision goggle. Also, when many monocular cues are available, relative depth discrimination
is poorer with the NVG for distances of 500 feet or greater. For lesser distances,
performance was statistic2lly equivalent to unaided daylight performence. It should
be noted thiet our results only reflect accuracy and not other qualities such as speed
or comfort. The relative advantages of stereopsis in aviation are still somewhat
equivocal. Two recent reports!®s'* have shown that landing perormance of pilots
deprived of vision in one eye were as accurate as their landings while using both
eyes. However, these reports were based on data obtained in fixed wing aircraft.

The visual demands of rotary wing flight might be considerably different., Certainly,
military flight profiles involving hovering and flight into ard out from unprepared
areas without benefit of approach and landing aids might reasonably be expected to
place greater demands on an aviator's ability to perceive depth, especially at
distances of less than 100 feet. The reduced depth discrimination with the goggle
should be recognized so that aviators can be properly trained in preparation for
flight with the night vision goggle.

As scientists concerned with the visual welfare of our aviators, we are confronted
with a paradox. We have assisted in establishing and have supported high visual
standards which our aviators must meet. Now we find that aviators are flying with a
viewing device with which few of these requirements are met. For example, a resolu-
tion capability of 8 cycles/degree, the full moon illuminance cut-off spatial frequency
of the man-goggle system, is approximately equivalent tc 20/70 Snellen acuity. We
have required that our aviators have normal color vision and a full field of vision.
Yet, the narrowband output of the goggle eliminates color vision, and the goggle
offers only a 40° visual field. The present experimental results have demonstrated
that depth discrimination is degraded while using the goggle. Obviuusly, the NVG
does not turn night into day nor does it allow a user to operate with daylight
photopic efficiency. However, the night vision goggle does provide sufficient
visual information to allow flight under ambient light conditions which was not
possible with the unaided scotopic vision system. A previous report! has shown that
use of the goggle allows a lower flight altitude and more accurate hover capability
than with unaided vision. A future generation light intensification device should
provide more light intensification with improved imagery to further extend the
operational effectiveness of aviation support,

SUMMARY

Comparisons of the visual modulation transfer functions obtained with the man-
night vision goggle system and unaided vision show that the performance with the man-
goggle system is better when the average target luminances are equivalent to that
under 5% and 25% moon illuminance levels. At average target luminance corresponding
to a full moon illuminance, performance of the unaided visual system was superior at
higher spatial frequencies while the man-goggle system was more sensitive to contrast
at the lower frequencies,

Stereopsis thresholds measured with a modified Howard-Dolman apparatus were
lower with unaided binocular vision than with the man-goggle system, However,
binocular thresholds with the man-goggle system were slightly better than unaided
monocular thresholds. Monocular thresholds with the man-goggle system were the
largest of any of the four viewing conditions.

¥ield measures of depth discrimination have shown that relative depth perception
with the man-goggle system is inferior to daylight monccular and binocular viewing
for divtances of 500 feet or greater. For viewing distances less than 500 feet,
performance of the man-goggle system was statistically equivalent to unaided viewing.

The following conclusions are supported:

1. The resolution capability of the man-goggle system under full moon illuminance
is limited to 8 cycles/degree (approximately equivalent tc 20/70 Snellen acuity) or
less,

2. Stereopsis, which is based upon retinal image disparity, is degraded with
the goggle,

3. Relative depth discrimination with the man-goggle system is statistically
equivalent to unaided photopic viewing for intermediate distances, but performance
with the man-goggle system is inferior at viewing distances of 500 feet or greater,

e et e AT v i i

xR

s bl



C7-10

4. The AN/PVS-5 night vision goggle does not allow visual performance of
daylight efficiency, However, it does provide sufficient visual information to
permit rotary wing flight under ambient light conditions which previously prevented
flight using only the unaided scotopic visual system.

DISCLAIMER

The findings in this report are not to be construed as an Official Department of
the Army position unless so designated by other authorized documents.
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DISCUSSION

On the IR {lluminator, it is very intesreating, vhat is the range? How far will it go?
The near infrared illuminator is probsbly only good for 10, 12 or 15 ft.

If you had a powerful beam of infrared, the goggle would work much better than it does
now because more infrared enargy would raturn from the target.

There really has nut been that much consideration given to using IR illuminators simply
because they are so easily detected by other devices, The purpose of the night vision
goggle 18 to allow you to remain “cool bird" and then if you go out and use an IR illum~
inator, you would probably lose them, Dr Chisum has done some work on IR illuminators
too,

Just one obgervation: If the goggles are considered for aid in search and rescue, than
an auxiliary infrared source is useful and certainly significantly improves the operation
with the goggles,

But this source must have to be so powerful when we are talking about projecting the
beam out at let's say a quarter mile,

I think if you use something like a strobe lamp, this gives an instantanecus but repetitive
flash, and it has good range, Unless you have gbaolutely no moon or starlight, then you
would have to have a very powverful source, but with some natural light plus an auxiliary
light, this may be useful,

This reminds me of something that should be mentioned, and I think Dr Breonan mentioned
in his paper--that the nemesis of helicopter pilots is wires, wire strikes. The goggles
present new problems there because right now without them maybe they don't know they are
going to hit them. With the gogglea I believe they are going to be overconfident and get
down to the level where they are going to be running into them and we are going to see
more wire strikes which they caanot see with the goggles.

Can you tell us how sensitive this device is to G forces and the influence of vibration

Vibration is a problem, As you could see, they are loosely suspended from the helmet
and they are very uncomfortable to wear. You strap them back so that now the whole
helmet is vibrating with them, and that is somewhat of a problem although again we have
flown with them safely quite a few hours.

Then they can be used under low level flight conditions at high speed.

They are being used under low level flight conditions. G forces is not that big a
problem in helicopters.

Would you mention the problem they have when there is a sudden flash of light, like a
weapons system going off or & nuclear weapon or the strobe light that Dr Chisum just
mentioned.

That used to be a problem with an earlier generation. That problem was that a sudden
flash of 1ight would saturate and you would get a "blooming'" of the goggles. Tuis 1s
no longer a problem. They have a damp--it automatically damps down and it 18 not such
a large problem any more, You don't have to do anything. In fact, they provide some
bit of major protection,

Referring to your question before, Colonel Tredici, concerned with the distance and your
objections. I feel that that is not only an aviation problem, it is also a problem for
the Army people, for the ground people, for the armored cars, and my question is what
do the Army soldiers do in the same case?

They were originally developed for the ground use, There has not been that much exper-
imentation done on the ground with them, I know of one study and only know of it second
hand about a mechanized group that just navigated over some known terrain so that they
could do it.

In the United States, Dr Berson, of Harvard, who works at their Electrophysiology Labor-
atory, is using a night vision goggle for retinitis pigmentosa patients. Retinitis pigmen-
tosa robs you of your night vigion very quickly. You still can see centrally and in the
daytime but very little at night. So, they have had some medical application in that
respect,

Have you run any experiments in helicopters in making precision-type of landings?
Don't you believe that a reduction of 40 degrees in the visual field in each eye would
interfere with the pilot's vision and performance?

Again, I can only repeat that our experiences have been restricted to rotary wing opera-
tions and the reduction in the field has not caused any problems; however, very few pilots

.
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have been cleared to use these yet and so when the sry becomes & bit more crowded, then
it might become a larger problem. Landing is not a problem,

DRARGER Did you try to have an optical megnification baaides slectrical systems, especially for
high apeed flying planesa? This could be uzeful for the pilot to diminish his visual
field but to increase his magnificatica. Do you use it like a telescope?

WILEY: No, not with the goggles. There are other light amplification systema that do this, but
I don't envision that these goggles will be changed that much to fnclude that. I think
they will atay with unity magnification.

TREDICI: There i8 a vary basic problem here. He is already down to 20/70 viaion and it is resolu-
tion that counts so that magnifying an object that cannot be vesolved is like lonoking at
a newspaper photograph which is made up of apots and then putting a magnifying lens on
it. You do not see the picture any movre, you see black and white dots, and that would be
worse,

KNAPP : I don't think anyone should get the idea from this presentation that these night vision
goggles now are the cure-1ll of the problem with night flying., We have to be very careful
with thig--it ia more of an experimental device because it has been decided that it will
provide enhancement of night tactical maneuvers for US Army helicopter operations, and
the operational people are pushing very hard for this piece o~ equipment. It has reached

--about the ultimate in its design capability or close to it. We may be able to cut the
weight a little bit, but it probably has reached about as high a degree of refinement
as is possible. It will cause some problems, as Dr Wiley mentioned--overconfidence.
The pilots may think they can see more than they really can. And it is going to take
a lot of care on the part of our medical people and people involved in vision to make
sure that we do not create accidents, get ourselves into more problems than we solve by
the night vision goggle.

TIREDICI: Your graphs and charts prove that most people would not want them when the moon is out
or maybe when it is a half moon, but when you get down there to the real s:zotopic vision
you haven't got anything else. You are either going to sit on the ground or you are
going to try and use these devices,

KNAPP: There will be one, or two of these devices in every aircraft for every pilot no matter
what type of flight operations they are performing, whether they be reacue or whatever
that would be, That onens up some questions that yet need to be answered. Can every
individual with any type of visual function use them? Use them effectively. Or do
they use them with glasses? 1If a perso. wears glasses and he is supposed to wear them,
does he have to take hig glasses off? 1Is there some special training required? We have
not even begun to touch on these.
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ETUDE EXPERINENTALE DE L'EBLOUISSEMENT CHEZ L'ANIRAL

par

L. COURT, Médecin en Chef J.CREVALEREAUD, Médecin en Chef
G, PERDRIEL, Médecin Général, M, BASIN, Nédecin Principal

Centre de¢ Rechorshes du Service de Santé des Armées
1, Bis rue du lisutenant Racul Batany - 92140 CLARART -

et
Contre d'Etudes et de Recherches de Nédecine Aéronsutique
5, Bis Avenue de la Porte de Sdvres - PARIS 15dme -

Les études concarnant 1'éblouissement, la mesure des temps de récupération, 1'efficacité de

généralement appel A des tochmiques puromeat psychophysiologiques. Le but de ce travail est la description
d'un enscmble de méthodes développées chos l'animal, 16 lapin et le primate MACAUA NULATTA, afin de mettre
en évidence lea modifications électrophysiologiques et comportementales apportées par un éblouissement

L'éblouinsement est un déficit temporaire de la perception visuelle ches un sujet soumis &
une énergie lumineuss intense, tout au moins plus élevée quo celle définissant son niveau d'adaptation,
Il comporte des phénomines électrophysiologiques et biochimiques au niveau de la rétine, des voies et
relais du message visuel, des aires de projection primaires et associatives ; le phénomdne bdiochimique et
corrélativement électrophysiologique rétinien est le plus important.
Le temps de récupération ou temps de restauration (recovery time), tomps mis par le systdme visuel pour
retrouver une fonction partielle ou totale constitue une mesure de 1'éblouissement ; habituellement il
s'agit du temps mis par le sujet exposé pour retrouver une acuité visuelle donnée. Cette notion eat, dans
ce travail, étendue 2 la mesurs du temps nécessaire pour que les activitéa électrophysiologiques du systé-
me visuel et plus particulidrement l'élactrorétinogramme ?ERG) retrouvent les caractdres morphologiques et
toemporels d'activités évoqués par des stimulations supra-liminaires mais de faible valeur, prises comme
témoina. Cette étude concerne ches 1'animal, lapin ou singe, muni d'électrodes chroniquement implantées
1'analyse de la récupération de 1'électrorétinogramme et des potentiels évoqués (PE) recueillis au niveau
des corps genouillés latéraux et des sirves de projection primaires aprés éblouissement par un flash de for-
te puissance. Elle comporte l'étude des activités électrophysiologiques évoquées par le stimulus éblouissant,
mais surtout,d 1'aide de la technique des doubles stimulations,l'analyse de phénomdne de restauration d'ac-
tivités électriques analogues A celles obtenuer lors de stimulation témoin. Ches le singe elles associent
1a mesure de tempe mis par le sujet pour percevoir un symbole.

METEODE
1 = PREPARATION NEUROPHISIOLOGIQUE

Sous anesthésie locale cheg le lapin et générale ches le singe aprds fization dans un appareil
de stéréotazie, lea animaux sont munis d'électrodes mono ou bipolaires. Chet le lapin de la race FPauve de
Bourgogne, les électrodes sont réparties sur le cortex moteur, somesthésique et visuel et au niveau de
1'hippocampe dorsal, pour la voie wisuelle, au niveau du corpa genouillé lstéral, du colliculus supérieur
et des airss visuelles de projection primaire. Ches le Macaque de 3 A 5 kga, 12 A 27 électrodes se répar~
tissent 3 1a surface du cortex et au niveau du corps genouillé et des aires visuelles de projection primai-
re ot associative, Les électrodes de référence sont piacées l'une derridre le globe oculaire, l'autre 2 cm
en avant du bregma chez le lapin, sur ls mastolide ches le macaque. les électrodes sont soudées & un connec-
teur verrouillable fixé sur le crine e¢t noyé dans une résine acrylique. Los sujets ne aont utilisés qu'un
mois aprds 1'implantation, et entrainéa & rester immobiles, sans aucune prémédication dans une bolte &
contention ou sur un sidge. La t8te est fixée sur un support A l'aide de bande Velcro ou pour les singes
dans un casque, adapté et réalisé pour chaque sujet.

ERG, L'électrode de mesare eat constitué d'un fil d'argent de 5/10 de mm protégé par une gaine de
nylon. Sur cette dernidre, un fil de cuivre ou d'argent de méme diamdtre enroulé en spirc jointive et relié
A 1a terre permet d'obtenir un conducteur flexible et surtout de minimiser l'artéfact de stimulation.
L'onsemble est monté sur un dispositif que 1'on fizxe avant chaque expérience sur le connecteur d'dlectrodes
de 1l'animal. L'extrémité de l'électrode de mesuro, une boule sphérique de ! mam ou un anneau de 3 ma de dia-
ahtre est amenée #2lors au contact de la cornde, préalablement aneathésié k l'aide de NOVESINE et protégé
par un collyre & la méthylcellulose. Los animaux subissent tous avant toute expérience, un examen du fond
de 1'oeil, de la chambre antérieure et du cristallin. Les expériences sont toutes réaslisées la pupille en
apiriase aprés installation répétée d'homatropine.

2 ~ ENREGISTRENENT

L'enregistrement cat réalisé en dérivations monopolajires. Le signai est amplifié A 1'ajide d'une
chaine de présmplificateum amplificatoum ¢t enregistreursgraphiquesde 8 b 16 voies. Il est recueilli A la
sortie des préamplificatcurs sur bande magnétique analogique A 1'aide d'un enregistreur & fréquence porteuse
(bande passsnte DC-5000 He). La constante de temps introduite A la sortie de 1'étage amplificateur est de
0,7 s pour l'électrorétinogramme, 0,1 pour les activités électriques cérébrales.

Un 2énérateur d'iapulsion programmable délivre les impulsions de synchronisation, base de temps et les im-
pulaions de déclenchement des différents générateurs d'éclat survensnt chacun aprés des &8lais réglables,
tout d'abord pour le stimulus éblouissant puis pour les stimulus tests.

{
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3 « ANALYSE DES SIGNAUX

On dispose immédiatement de 1'enregistrement graphique mais en fait 1os mesures sur 1'électro-
rétinogranme et les réponmes évoquées sont réalisdes aprds traitement du signal analogique. Ce traitement
comporte la converasion analogique numérique des signaux, leur mise en mémoire } 1'aide d'un petit calcula-
teur comprensnt multiplexeur, convertisseur analogiqjue numérique, mémoire centrale de 16 K de 8 bitas et
unité de visualimation. Le convertisseur analogique numérique code sur 8 ou 16 bits. La fréquence d'échan-
tillonmags utilisée géndralement est de 10 KHs,

La conversion snalogique numérique est réalisde en méthode d'extraction signal,'dbruit, utilisant
seit le moyonnage, soit le multi échantillonnage lorsque la fonction analysée est stationnaire et ceci sur
des moyennes de 5 réponses évoquées ou le plus souvent loraque la stimulation eat importante et que les
conditions de stationnarité ne sont pas respectées en fac similé, réponse aprids réponse.

La précision absolue des mesures de temps est lide A la fréquence d'échantillonnage ; elle est
de l'ordre de 0,2 ms. Los mesures des amplitudes dem réponses évoquées se font par rappert & la ligne iso-
électrique évaliuée par calcul sur l'échantillon du signal précédant la stimulation ou pour 1'électrorétino-
gramme par rapport & l'amplitude marimsle de l'onde a et pour les potentiels évoquéa par rappert & 1'ampli-
tude maximale de 1a premjdre composante. La précision est de l'ordre de 5 %.

Un programme d'analyse numérique permet égalcement de calculer automatiquement ces parambires
et d'effectuer limsage, filtrage des graphes, calcul de la fonction d'auto et d'intercorrélation et spectre
de densité de puissance.

4 - PARAMETRES OPTIQUES DE STIMULATION

{a) NIVEAU D'ADAPTATION Les animaux aont placés dans un caisson expérimental dont 1'éclai-
rement assuré par des lampes MAZDA lumidre du jour, alimentéapous une tension variable varie de 0 A 350 lux.
La mesure de l'éclairement est ussurde en routine A 1'aide d'ume cellule photoélectrique METRIX auivi d'un
sultimdtre ; lora des étalonnages de précision pour les éclairements supérieurs d 3 lux X 1'side d'un
luzmdtre CHAUVIN ARNOUX type Polycontr8le 94 et pour les éclairements inférieurs & 3 lux, & l'aide d'un
photo;ultipliclteur nomportant filtre photopique de correction et diffuseur. La précision des memures est
de 2 %.

(b) STIFULATION TENOIN (8) Le stimulus test a été choisi, pour obtenir chee un sujet adapté
A 1l'obscurité un électrorétinogramme complet c'est-a-dire possédant une onde &, des ondes e et une onde b,.
I1 s'agit d'un éclair de lumidre blanche, de durée de 0,3 ms, émis sous une puissance de 0,3 joule provo-
quant au plan de la cornée un éclairement maximum de 1800 Lux survenant O,! ms aprds le¢ déclenchement de
1'éclair et une lumination de 5 Lux.s. Le# mesures ont été réalisées & 1'aide d'un photomultiplicateur
IENA comportant un filtre photopique et les impulsione sont visualisées sur oscilloscope A mémoire.

: {c) STIMULUS EBLOUISSANT (P) Il est délivré par un flash au Xénon BALCAR T 100 S situé au centre

t d'un diffuseur. A la base de ce dernier. ayant la forme d'une calotte hémisphérique, il existe une plaque

; métallique noire dont le centre est éguipé & la demande d'un diaphragme d'ouverture varisble et de filtres

i neutres de différentes densités permettant de faire varier & la fois le diamdtre du faiscesu et la valeur

: du stimulus.

i 11 opdre A la puissance variable de 150, 300, 600 et 1200 joules. Sa température de couleur

‘ est de 5500°K et la durée de 1'éclair, variable selon la puissance mesurée & la demi-hauteur de 1'impul-~
sion est reaspectivement de 0,75, 0,87, 1,5 et 2 ms. Les mesures au plan de la cornée des stimulations

} effectuées sont rassemblées dans le tableau 1.

: les meaures ont été réalisées & l'aide d'un photomultiplicateur IENA équipé d'un filtre photo-

3

pique et protégé par un filtre neutre de densité 4 et d'un circuit de photodiode. §§

5 - PROTOCOLE EXPERIMERTAL. Is nombre de lapimsétudié est de 85, de primatade 12, éﬁ

(a) EXPERIENCES PRELIMIFAIRES Il a'agit de 1'étude~de l'effet de 1l'adaptation sur 1'électro- gg

! rétinogramme pour 6 niveaux d'éclairement & 0,12, 15, 6,5, 68 et 270 lur. Le stimulus étant un éclair %E
: Xénon de 150 joules type A. =
TABLEAU 1 f

STIMULATION| PUISSANCE A L'EMISSION | INSTANT DE L'ECLAIREMENT | ECLAIREMENT HAXIHALI LUMINATION en ‘?&

en joules MAXIMAL en as en do la ﬁ!eLux.s

A 150 0,1 1,07.10° 270
B 300 0,2 2.10° 540
c 600 0,3 2,8.10° 1070
) 1200 044 3,95.10° 1880

-de 1'intensaité de la stimulation sur
1'électrorétinogramme du lapin ou du singe adapté d 1'obscurité, le stimulus étant toujours délivré par
le flash Xénon, & une puissance A = 150 joules mais dont, 1'intensité et la lumination variaient par inter-
position de Ciltres neutres et de diaphragme entre 300 Lux.s et 0,0075 Lux.s.

(b) EXPERIENCES CONCERNANT 1'EBLOUISSEMENT PROPREMENT DIT

Tous les animaux étant adapté & 1'obscurité pendant 30 minutes, il a été réalisé :

- L'étude de la récupération de 1'ERG évoqué par le flash S A la suite de la stimulation provo-
quée par le flash S lui-m8me, 1'intervalle de temps séparant les 2 stimulus variant entre 20 ms et 30s.

~ L'étude de la récupération de 1'ERC évoqué par le flash S A 1la suite d'un éblouissement im-
portant provoqué par le flash P pour les 4 valeurs de stimulation A, B, C, D.

Le protocole comprend alors :

-~ La délivrance de 10 éclairs 5 smpacés de 50 s, 1la moyenne des activités recueillies étant
pris comme témoin.

- 30 s aprds 1: dernier éclair 3, l'éblouissement par lc flash P,

- L'étude de 1a récupération par une aéric d'éclair S survenant 5 s aprds P et toujours espa~
cé ensuite de 30s, pendant 10 & 15 mn.

- ‘

.
4
3
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~ Ches le primate, l'associatiom de l'expérience précédente avec la préseatatiea de symbole.
Ce dernier + ou » éclairéd en lumidre Jauns sous une luminance de 0,5 Nit apparait 10 s aprds le stimulus
éblouissant, Le sujet percevant le signal appuie sur un levier, regoit alors une récempease en arrbtant
la séquence de présentation.Le temps de réponse est meauré,

RESULTAT

1 ~ EVOLUTION DE L'ELECTRORETINOGRANNE EVOQUE PAR LE SPTINULUS 78S? S APRES EBLOUISSENENT PAR CE STINULUS
CHEZ LE LAPIN (graphique n® 1)

-~ la période réfractaire absolug au coura de lagquelle une 23me stimulation a'évoque aucune
sctivité dlectrophysiologique sat de 52 ms ~ 7 ms.

. = La réapparition des §léments do 1'ERG se fait dans 1l'ordre b,, a, b, et les périodes réfrec.
taires correspondantes aont de 62 - 7 92 = 8 ot 142 ~ 10 me.

- Les ondes a, b‘. b2 augmentent progressivement d'amplitudes jusqu'd ce qu'elles revieanent
A la valeur témoin. - -

"La croissance de l'onde b, eat relativement plus rapide que celle de a et b,.

On remarque que l'onde b, atteint une valeur absolue maximale aﬁp‘riouro ) 1'amplitude apparen-
to de b, et que les amplitudes de b "ot b2 soat alors sensiblement égales lorsque 1'iatervalle entre les 2
ltilululionu eat compris entre 1,?56 et 27000 ». + .

. = Le temps de récupération du b1. a ot b2 sont respectivement de 2 = 0,2, 10 8 = 0,3 et

20 - 0.5.
L'imprécision de ces mesures est essentiellement due sau fait que la vitesse de récupéraration
est plus lente, lorsque l'écert entre les 2 stimulus augmente et ceci surtout A partir de 500 ma,

Au cours des différentes étapes de la récupération de 1'ERG, on retrouve les aspects morpholo-
giques de cette activité électrique pour différents niveaux d'éclairement,

L'élévation du niveau d'dclairement d'adaptation diminue 1'amplitude dé a, b, et b,, mis l1a
sensibilité n'est pas 1a mlme pour les divers éléments (graphique n® 2 exprimant ches 10 llpina cette évo-
lution). Pour 0,12 Lux b, et b, sont & peu prds d‘'égale amplituds, pour 68, 6,5 et 1,5 Luzx & et b, sont
de plus en plus grandes el les gndel sont apparues, pour 270 Lux a et bz sont trds petites alors qug b‘
eat pratiquement dépourvue d'ondes e.

2 - EVOLUTION DE L'ERG EN POKCTION DE L'INTENSITE DE LA STIMULATION CHEZ UN ANIMAL ADAPTE A L'OBSCURITE

Les expériences préliminaires ches le lapin et le singe en utilisant un éclair de flash Xénon
opérant A 150 joules et en interposant des filtres neuires amenant au plan de la cormée différents éclai-
remonts maxima variant entre 200.000 Lux et 0,05 Lux ont permis de préciser des résultats généralement
admis. L'évolution est comparable ches le lapin et le singe ; seuls les seuils diffdrent.

(a) MORPHOLOGIE (Illustration graphique n® 4)

Loraque le stimulus s'éldve 1'dlectrorétinogramme passe par plusieurs stades que 1l'on peut
schématiser, L'BERC est conatitud uniquement par une onde positive homogdne que son aspect, sa durée, ss
latence, et le délsi de son amplitude maximale permettent d'identifier avec 1'onde b, (STADE I intensités

A 4 ), Puis l'onde a et b, apparaissent mais cette dernidre est incomplétement d‘vglopp‘o et l'onde )
est alors trds nette (STADE II DE TRANSITION,intens. 4 & 6), Ensuite 1'onde & est parfaitement dessinée
et l'onde b, comporte 3 ondesebien différenciées (STADE IIT, intens. 7 2 9 ). L'onde e, enfin tead & se
fondre dans l'onde b, et n'apparait plus que comme un décrochement de la partie aaoend}nto de l'onde b
(STADE IV, intens. 9% 10 eq)ld. Dans les deux derniers stades, la morphologie ds l'onde a évolue pour
&tre asymétrique et pointue puis parfaitement symétrique A sommet arrondi enfin & sommet dédoublé.

(b) AMPLITUDES { graphique n® 3 exprimant l'évolution générsle sur 10 animaux)

Les seuils de a et b, sont voisina et supérieurs d'environ 3 unités log A celui de b,.

Les relations a-plit&de/intenlit‘ pour a et b, sont d'allure logarithmique. Il n'exiate pas
dans cette gamme de variation du stimulus de saturation et les variations s'étendent sur emviren
6 unités log pour b, 3 unités log pour a.

- L'ondé b, se présente immédiatement comme une différenciation de la partie ascendante de
l'onde b et son amplitude est dans le seuil, environ la moitié de ce qu'elle sera b 1'imtepsité la plus
élevée. Si 1l'on tient compte de la superposition de la partie initiale de b, & 1'onde b’, il semble donc
que l'amplitude de cette dernidre“Varie pas avec l'intensité de la .tilulltion.

- 8i les variations évoluent d'un animal A l'autre dans lec mSme sens, la dispersion des valeurs
absolues obtenues A un stimulus donné eat importante, d'un facteur 2 & 3.

(c) EFFETS SUR LES DELAIS

Pour 1l'onde a le délai varie en fonction inverse de l'intensité de la stimulation depuis le
seuil jusqu'd la valeur maximale du stimulus.

Le délai du sommet de b, diminue également aux fortes intensités mais pour les fajbles intensi-
tés et en particulier lorsgue a et £ n'existent pas, il est moins élevé qu'aux intensités moyemnes.

Les délais de e et e dl-inuent quand 1'intensité augmente,

Le comportement de o5 eat plus difficile A systématiser.

3 - EVOLUTION D&S ACTIVITES ELECTROPHYSIOLOGIQUES DE LA RETINE POUR LES STIMULUS ELEVES A, B, C, D
CHEZ LE LAPIN

(a) EVOLUTION MORPHOLOGIQUE DE L'ERG

La morphologie de 1'ERG eat dams 1'ensemble celle du stade III décrit plus haut. (graphigue n° 6)

L'onde a prend une importance relative et absolue considérable et un aspect asses caractéristi-
que A deux sommets. Pour la valeur maximale du stimulus , stimulation C, il apparait dans 15 % des cas cheg
le lapin et 30 % des cas cher le singe une morphologie particulidre de 1'ERG constitué presque exclusive-
ment de 1'onde a et il semble que la saturation de 1l'onde a soit effectivement réalisée.

(b) EVOLUTION DYNAMIQUE DE L'ELECTRORETINOGRAMME EVOQUE PAR LE FLASH3 APRES EBLOUISSEMENT
PAR LE FLASE B
Les tableaux 2, 3 résument la dynamique générale du processus ches le lapin lorsque la stimu-
lation est le stimulus D (nombre de sujets : 865).
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TARLEAU 2
BVOLOYION DRS ANPLITUDES MOYRXNNWES DE L'ERG TRST EXPRINEES KX KV BT EN POURCENTAGE DX LA VALEUR TRNOIN
' ) GEDE & 1) ﬁ )
Valeur témoin 60 10 % st '8 20215 2 &
{ Intervalle de temps on &
8 ' 0 35 50 1307 S 70 80310 29
20 - 32 33 3 {1 423 2 16 975 3
30 4 35 5 170 2 4 9 1952 7 2
40 48 22 80 1753 5 9 2005 2 T4
60 50 3 6 83 190 ¢ 35 102 2352 9 87
90 53 57 88 200 < 10 108 - 255 ¢ 6 9
120 55 * 8 91 180 T 4 104 260 3 5 96
] 150 58 : ] 96 189 : 3 102 268 3 6 99
T B 1 - T - 3 9 98 190 3 7T 02 - 268 3 3 99
- ' ’ 210 1 60 e 10 100 185 T 6 100 268 3 7 99
- - 240 - 62 3 12 103 168 : 7 101 272 : 5 100
270 63 10 105 | 118t s 101 202 7 100
300 60 = 12 100 190 =« 10 102 2710 - 17 100
- TABLEAU 3 ) ) -
BVOLUTION DES DELAIS NOYENS EXPRIMES us
a 8, oy 03 b2
TENOIN 13,4 19,5 29,2 35,8 63,8
Intervalle de temps
-
30 11,5 17 23 32 50
60 12 18 24 34 52
90 13,5 19 25,8 35,1 55
120 13,3 19,2 29,3 35,2 61
180 13,8 19,5 25,2 35,6 62
240 13,4 19,5 25,2 35,6 63,5
270 13,4 19,5 25,2 36,6 63,7
Le tableau 4 résume l'évolution de l'amplitude des ondes &, b,, bz ches le lapin aprds les
stimulations A, B, C, D, L'asplitude est exprimée en pourcentage de la valeur“témoin.
TABLEAU 4
TUTSRVALLE DE TENFS ENTRE LE STIMULUS EBLOUISSANT ET LE TEST EN S
5 10 30 60 90 120 150 180
Onde a
STINULATION A 9% 95 12 117 10 116 18 115
B 9% 95 1o 140 15 110 10 110
C 60 ™" 105 120 121 122 130 123
D 50 51 15 83 a8 91 96 98
ds b
v 92 103 10 115 106 107 115 112
B 90 95 105 105 110 116 115 120
c 85 91 98 102 102 100 108 t18
D 70 78 91 94 108 101 102 102
Onde bz A - 85 94 104 106 106 105 105
B - 5 92 100 102 105 1 106
c - 58 92 98 110 105 94 108
b 29 35 T2 87 94 9% 99 99

On constate que les temps de récupération varient trds rapidement avec la valeur de la stimu-
lation et que la restauration compldte est souvent plus lente et toujours plus difficile } évaluer qu'une
restauration relative & 75 ou 80 % de la valeur témoin initiale.

Le temps de récupération, A la valeur maximale D de la stimulation sera pour une restauration
compldte,d’ 122 mp pour & et b, et de 3 mn pour b,, de 1'ordre de 30 » pour a, 10 s pour b, et 40 2 50 &
pour bi' si 1'on évalue une rllt-urltion A5 % io 1l'aspaect initial, Il apparait Jnlelen* que le retour

aux vafeurs antérieursa n'est offectif que 3 mn aprds 1'éblouissement.
Le tableau S résume ces temps de récupération (en s).
TABLEAU 5
VALEUR DE 1A STI- 95 % DE LA VALEUR INITIALE ERG TEMOIN
WULATION EBLOUISSANTE a b ] b,
A 5 5 20
B 10 10 30
¢ 25 60 50
D 130 Q90 140
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4 - EVOLUTION DE LA RECUGPERATION DE L'ERG CEEZ LE NACAQUE CONDITIONNE

L'évolution de la récupéreation de 1'ERG ches le macaque n'eat pas fondamentalement différente
de 1'ERG ches le lapin et 1a dynamique générale du processus est superposable. Le probldme posé eat de
savoir A quel moment 1l'animal pergoit sans ambiguité le sysbole lumineux qui lui est prémenté.

Les expériences sont actuellement limitdées A un nombre matreint de sujets, mais il apparait
que pour les valeurs de la stimulation 4 et D, la perception du symbole coIncide avec une récupération de
1'onde a ot b2 au moins égale & 75 % de la valeur initiale (tableau 6).

TABLEAU 6
VALEUR DES OKDRS a ET b2 EXPRINEES EN % DE LA VALEUR INITIALE
Onde & INTERVALLE DE TEMPS ECOULE (en o)
STINULATION S 10 20 30 40 60 90 120 180
4 85 92 95 98 100 102 105 102 105
D 46 45 60 ki) 92 98 100 110 15
Onde b2
STINULATION
A 60 75 85 98 100 105 110 105
D 10 30 40 60 18 85 95 103 110
TEMPS NIS POUR LA LECTURE DU SYMBOLE
*
A 18 : 5 (moyennes établies sur l'enmemdle des 12 sujets et pour une série de 3 expérien~
D 428 10  ces par animal).

DISCUSSION - CONCLUSION

L'enseable des méthodes décrites et illustrées par quelques exemples a pour but 1'évaluation
de 1'importance d'un éblouissement en s'attachant & décrire les variations des grandeurs reliées de fagon
suffisamment précise X 1la smensibilité du systdme visuel.

Si l'on ne considdre que les variations des activités électrophysiologiques évoquées par un
stimulus test survenant X intervalle variable aprds le stimulus éblouissant, on constate que 1'ERG eat
le seul effectivement relié directement A& 1'état de sensibilité du systdme visuel, que les activités du
corps genouillé sont encore un test acceptable mais qu'il eat difficile d'établir une relation simple
entre 1'évolution des réponses dvoquées recueillies au niveau des aires de projection primaire ou associa-
tive et la récupération des fonctions visuelles.

Ches le lapin comme chez le primate la mesure précise des différents parsmdires du potentiel
évoqué, latence du phénomdne, amplitudes, délais et durée des différentes composantes conduit & des va-
leurs dont la dispersion est trds importante. Si l'on peut dégager certainaes lois a'évolution, lorsque
1'on juge & niveau de vigilance égal et lorsqu'on évalue les variations du PEV aprds un stimulus unique
d'intensité croissante, il eat beaucoup plus difficile de définir la dynamique de la récupération pour
une stimuation test survenant aprés un stimulus éblouissent importsnt. Il apparait em effet que souvent
le message provenant aux aires de projection primaire se traduit par un PE peu modifié, alors que 1'ERG
ou méme l'activité recueillie au niveau du corps genouillé est profondément altéré. Seule ls mesure des
temps de transfert, & l'side des fonctions d'intercorrélation semble un parsmdtire beaucoup plus fiddle,

Comme 1'ERG eat chez le lapin ou le primate bien défini au cours de 1l'adaptation & la lumidre,
1'évolution de sa morphologie et de ses différentes caractéristiques temporelles apriés un éblouissement
apparait parfaitement décrite. Son évolution a de grandes analogies avec celle de 1'électrorétinogramme
obtenu X intensité constante mais pour des niveaux d'adaptation de plus en plus faible, l'onde b, est
i'élément qui récupére le plus rapidement at la récupération de a est plus rapide que celle de b,. Bien
que 1l'on doive garder i l'esprit que 1'ERG ne met pas en jeu l'ensemble des phénomdnes de la pergeption
visuelle, mais intéresse essentiellement l'aspect périphérique, encore que certains auteurs émettent
1'hypothdse d'un contrdle central sur sa récupération, ce phénomdne est extrémement utils pour caractéri-
ser et mesurer 1'éblouissement,

La combinaison de méthodes électro et pasychophysiologiques ches 1'animal, délicate A mettra
en oeuvre permet de confirmer cette conception. Il semble que chezx le primate l'apparition de 1'onde a2 et
de 1'onde b, corresponde dans la récupération aprds éblouissement, aux seuils de vision proprement dit,
tout au moins pour une luminance de la tdche voisine de 0,5 Nit., C'est & ce moment 1d d'ajlleurs seulement
qu'h niveau de vigilance égal {éveil attentif), la latence générale du PE primaire comme 1'saplitude et
le délai de sa 1dre composante sont voisines de celle du PE témoin.

Certains problimes méthodologiques demeurent :

1 - Le stizulus test qui doit 8tre suffisant pour permettre 1'acquisition d'ERG comprenant
tous ces éléments provoque lui-mdme un éblouissement dizcret mais non négligeadble et 1'on doit tenir compte
de ce fait dans 1'interprétation des résultats.

2 ~ Dans lcs expériences psycho-neurophysiclogiques, la présentation du symbole sous une lumi-
nance donnée constitue également une atimulation parasite, Il est souhaitadble soit de retarder la présen~
tetion symbolique du stimulus teat proprement dit, soit de réaliser 1l'expérience en deux fois en dissociant
récupération des sctivités électrophysiclogiques de la lecture du symbole, mais dans les mlmes conditions
de stimulation éblouissante. Si la luminance de la t8che visuelle est faible, 11 n'apparait pas de diffé-
renge significative entres les temps de+r6ponle ne.ur6-+(paur la stjmulation A le temps de réponse est de
16 = 3, pour la stimulation D de 408 - 5 contre 18 8 - 5 ot 42 8 - 10). Il n'a pas été pomsidle d'obtenir
4'ERG reproductidle en utilisant la réponse on A une présentation d'un symbole prolongé peadant 10 s.

Cet ensemble méthodologique toutefois convient sux préoccupationa de recherche appliquée et
permet de teater méme pour des stimulations élevées nociceptives X la fois le comportement du sujet ébloui,
les temps de récupération et l'efficacité du systéme protecteur.

11 nous a permis également d'approfondir quelquas aspscts fondamentaur concerpant la théorie
dualiate de 1'ERG et de préciser l'existence d'effet & long terme d'éblouissement important.
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On coastate sn effet que lors de la réoupération de 1'ERG apris un dblouissemeat, reposant
ssoentiellement dans la cas présent sur la réadaptation & 1'odacurité.

= b, eat bien restaurd avant b, en accord aves la conception dusliste mais il importe de ne
pas ansiuiler d&nlttd fonoticanelile ot duht‘ worphologique des récepteura, oAr ghes le lapin la rétine
eat composé presque sxclusivemsnt de bitommets.

= 81 1'on obasrve bien un dédeublement du sommet de a pour les stimulus intemsos, le compor-
tement do & n'ast pas en accord aveo certaines conceptions qui relie 1'onde a toute entidre A l'activité
- du aystime photopique. En effet, le &édoublement de & est inconstant, n'appsrait que pour des intenaités
élovées ot mime on adaptation ) 1'obscurité l'amplitude de a ot de b, en fonotion de 1'éclaivement ambiant
ont nettement différent.

Par ailleurs il a été retrouvé pour des stimulations importantes type C, dans 10 £ des cea
ches le lapin, 22 % des cas ches le singe une augmentation initiale de b, suivie d'une réduction de l'onde
b ot de 1'onde a, une & ntation impartaate et dureble de l'ordre de 1 mois des temps de récupération,
accompagnés ou non d'sltéretion morphologique de 1'ERG aves la disparition d'une ou plusieurs ondes e.

"Ce fait tendrait A prouver que sans altération du fond d'oeil il peut sxister une altération fonctionnelle
réveraible de longue durde du systime visusl aprds un édlouissement. Ls prodblime est de savoir si des
altérations ultrastructurales sont sous-jacentes.

REFERENCES
La bibliographie principale est rassemblée dans les rapports ci-dessous :

' = L'électrorétinogramme du lapin adulte par N, BASIN ; N. CASSAN, L. COURT ; Centre de Recherches du
Service de¢ Santé des Armées - Rapport Laboratoirs Central de 1'Armement et Coentres de Recherches du
Service de Santé des Armdea, Mars 1971,

- 2 - Evolution de 1'électrordétinogramme ot des ectivitds évoquéen visuelles primaires ches le lapin adulte
au cours 4'un éblouissement par M. BASIN, N. CASSAN, L. COURT, Centre de Recherches du Service de
Santé des Armées. Rapport Ladoretoirs Central de l'Armement et Centre de Recherches du Service de
Santé des Arméen, Mai 1971,
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Sxanhiaue n° 1

Evolution de 1'électrorétinogramme et de la réponse évoquée recueillie au ni-
vesu de l'aire visuelle primaire, ches le lapin adulte, adapté & 1'obscurité
at 1l'oeil en mydrisse, lora dime doubls stimulation S, sjtuée environ 3 i
4 unitée log au-dessus du seuil,

~ Stimulation teat S 1800 Lux, 5 Lux.s

« Intervalle de temps séparant les 2 stimulations S, et S, = 280 ma.

Le graphique a'eat qu'une illustration, mais 1' enslmble es mesures est effac-
tué directement sur les valeurs contenues en aémoire, aprds conversion analo-
gique numérique. On remarque ici, lors de la ssconde stimulatiopn, la restaura-
tion A peine amorcée de l'onde a ot l'amplitude réduite de la cemposante pri-
maire du potemtisl évoqué domt la post-déo o3t par coatre importante.
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Bvolution de la morphologie de 1'é-
lectrorétinogramme ches le lapin
sdapté L l'obscurité et soumis A
stimlus d'intemsité croissante,

. préciséedans la figure précédents.
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Morphologie de l'électrorétinograsme évoqué ches le lapin sdapté
% 1'obscurité et soumis aux édlouissements A, B, C, D
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DISCUSSION

Probably what I need ie soue more clarification rather than a question, But, did you
say that you felt the ERG was modifIied by some feedback from the more central portion
of the visual system, the nervous ayutem?

I am basically relating my hypothesis which considers that the ERG which originates
at the retinal level may be controlled by chemical substances durinr or for the retro-
retinal feedback--that which intervenes in the evolution of the ERG.

But are these maintained at the retinal level, >r do you feel they are some kind of neuro
feedback from higher centers? Are you talking about biochemical control?

They can be, at the level of the optic nerve. Certain fibers which should be inhibiting
fibers of the ERG which then would bring certain changes in the ERG,

Such feedback has never been demonatrated anatomically or electrophysiologically, I don't
believe, or has 1t? '

In the primate tuis has been demonstrated,
COMMENTS

1t 4s certaiun that che thaiamus, based on sensory physiology, has been the filter of our
seusations and of all the "inputs' reaching 1it, be they audio, video, or even anesthetic,
And one should admit that the divergent (inconsistent) results we have obtained between
the cortical responses to evoked occipital potentials and those recorded at the retina
are related to this thalamic interference, On the other hand, one knows apparently the
effective pathways of this feedback, especially Jacohson who has demonstrated in the dog
that certain fibers exist near the optic nerve, sectioning of which has brought about

an increase of the electroretinogram (ERG), Moreover, in clinical medicine when an
atrophy of the optic nerve is present--namely, when centripetal conduction is absent,
one observes, parezdoxically, a hyperactivity of the retinal potentiasls. This would seem
to prove that damage to the optic nerve frees the system controlling fcedback which,

in turn, changes the usual amplitude of the ERG,
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IN-FLIGHT EVALUATION OF HAND-HELD OPTICALLY
STABILIZED TARGET ACQUISITION DEVICES

MAJ David D. Glick
United States Army Aeromedical Research Laboratory
Fort Rucker, Alabama 36362

With the arrival of improved optical devices and radar
detectors on today's battlefield there exists a need to stand off
from the enemy as far as possible and yet still be able to acquire
and identify targets at these greater ranges. The target acquisi-
tion problems due to this increased range may be reduced through
optical magnification. However, the vibrations inherent in heli-
copters are bothersome to effective use of these devices and
increasingly so with magnification. In order to overcome this
problem, optical stabilizing systems were incorporated in the
viewing devices.

The first part of this report pertains to an in-flight cem-
parison of several devices. Considering size, weight, complexity
and performance in an in-flight visual acuity task, one of the
devices looked very promising.

In part two, a group of twenty-nine subjects used a single
device in a scout helicopter flight scenario, Reports had been
received that the device produced motion sickness and the experi-
mental plan was designed to assess this as well as visual acuity
in flight. The subjects flew the scenario first with the unaided
eye and then with the device in both a stabilized and unstabilized
(caged) mode. The latter two flights were counterbalanced across
subjects. Following the flight phase, the subjects were given a
series of tests to evaluate individual susceptibility to motion
sickness. Performance in the visual acuity task was significantly
correlated with the airsickness ratings of an on-board experimenter;
however, there was no significant difference between the magnitude
of the symptoms observed when the device was stabilized and the
magnitude when caged.

INTRODUCTION

The use of improved aircraft detection devices by potential enemies has created
a need to increase our stand off distances. However, we still must be able to
acquire and identify targets at these greater ranges. Target acquisition problems,
due to increased range, may be raduced through optical magnification, However, its
effectiveness, when used in conjunction with aerial observation, is degraded because
of the inherent vibrations of a helicopter in flight. 1In order to overcome this
problem, stabilizing systems designed to dampen vibrations were incorporated in the
viewing devices. The United States Army Aeromedical Research Laboratory was invited
to make a comparative evaluation of several such devices. They were:

8. Ken-Labs, Inc, Stabilizer EXFA 28Y D,.C, {(Figure 1)

Manufactured by Ken-Lab, Inc., this is an active hand-held stabilized
platform upon which we mounted a pair of 10 X 50 Bushnell binoculars, Eleutrical
power for the stabilizer was obtained from the aircraft,

b. Monocular-R-Mark 1610 - X3 (Figure 2)

Manufactured by the Marks Division of Stabilizer Optics Corporation, this
is a 10 power, hand-heid, D.C. powered device.

c. Stedi-Eye Ima Stabilized 8X telescope (Figure ?)

Manufactured by Fraser-Volpe Corporation, this stabilization system can be
operated either actively (rechargavble batteries) or passively, It is a monocular
hand-held device.

d. Stedi-Eye 3p Stabilized 8X telescope (Figure 4)

This unit is alsc manufactured by Fraser-Volpe and contains the same optics
as in the Stedi-Eye 3ma except it is passive, not requiring electrical assist for
stabilization.

e. Trans-Lens, D3 (Figure §5)

Manufactured by PDynascience Corporation, this is an electrically powered,
8X magnification, monocular viewing device,

Part I of the report concerns this comparison.
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Part II was also an evalaation using a stablized optical viewing device; how-
ever, there was only one¢ »=it (an XM-76 monocular, stabilized device by Dynascience)
and a comparison was made between the subject's performance with the viewer in its
st au.’.2%3d mode, in a caged (non-stabilized) mode, und with the unaided eye., 1In
ada.cion, the flight scenario was more complex simulatins an Army scout helicopter
profile. An extensive study was made concurrently in order to evaluate the effect
of stabilization upon motion sickness. However, we will be primarily concerned in
Part II with the visual acuity aspects of this device.

Figure 6 illustrates the target used in both Part I and Part II. In Part I
only the largest Landolt '"C" was in use,

PART I - METHOD

All observations were made from thz front seats of a JUH-1H helicopter flown at
the U.S. Army Aeromedical Research Laboratory's (USAARL) instrumented range'. The
course was 7500 meters in length over moderately flat farmland.

The target consisted of a black Landolt C, 1,745 meters in diameter, on a white
8 ft., by 8 ft, background (86% contrast) as seen on the left side of Figure 6. The
standard dimensional ratios of height:stroke width:gap size (5:1:1) were used. The
gap in the letter was changed after each riun to one of eight positions and the
subject's task was to report the correct orientation.

The subject was forced to guess the letter's orientation (eight alternative,
forced choice) as soon as the target location was detected. He continued to respond
until he positively confirmed the orientation of the target.

The recorded values of interest were:

a. The distance at which the subject first correctly identified the Landolt C
orientation followed by a second correct response and no subsequent erroneous answers.

b. The distance at which he positively confirmed his sighting.

Six male subjects were used. The three used on the first day were aircrewmen
{two pilots and one crew chief). They tested the Ken-Labs device, the Mark 1610,
the Trans-Lens D3 and the Stedi-Eye 3ma., Upon completion of their data collection
period, a decision was made to discontinue testing th: Trans-Lens D3 as its per-
formance was markedly inferior to the remaining three devices,

The three subjects on the second day were all scientific investigators experi-
enced in making visual observations. The design was repeated except that the Stedi-
Eye 3p was substituted for the Trans-Lens D3. The Stedi-Eye 3p was not included on
the first day because the optics are the same as those in the Stedi-Eye 3ma. The
only differences between these two units are the slightly larger size of the 3ms and
their power requirement. The 3p is a passive device while the 3ma requires power
(self-contained batteries).

Each of the six subjects made two runs with each device for a total of eight
runs per subject.

The visibility was seven nautical miles or greater on both days.

PART I - RESULTS

Figure 7 is a comparison of the five devices using the mean angle subtended by
the target at the distance at which the target was first identified and later con-
firmed. Since two of the devices were ten power and the other three were eight
power, angular subtense was needed to eliminate this magnification difference. By
using the proximal angular stimulus after magnification in this way, the differences
shown in Figure 6 may be attributed to the stabilization capability and the optics
of each device.

Figure 8 illustrates the mean distances at which correct and confirmed responses
were made, In this figure compensation for magnification difference (8X vs 10X) is
not made, allowing direct performance comparison of each device as it is commercially
available.

The data were subjected to the Friedman Two-Way Analysis of Variance Test. The
results from the three devices tested by all six subjects were analyzed. Separate
test were made from the aircrewmen and scientists' data. The results are shown in
Table 1.
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TABLE 1 - CHI SQUARE SCORES USING THE FRIEDMAN
TWO-WAY ANALYSIS OF VARIANCE TEST ON BOTH THE
CORRECT AND POSITIVELY CONFIRMED SCORES FROM
(A) ALL SUBJECTS, (B) AIRCREWMEN AND (C)

SCIENTISTS
CORRECT CONFIRMED
All 6.33* 7.00%*
Aircrewmen 7.0% 7.0%
Scientists 7.0% S 4nhs

Reject Ho at: *,054, *% (29, **% 175 (not sig.) where Ho is the hypothesis
that the samples are from the same population.

PART I - DISCUSSION

In order to fully appreciate the differences in devices tested and to make
final recommendations, it is necessary to compare additional information such as
E cost, weight, and reliability. This information is available from the manufacturers
or from Frankford Arsenal?»?,

It can be seen in Figures 7 and 8 that the performance results of the Mark 1610
(10X) and the Stedi-Bye 3p (8X) are similar, and that both of these devices were
superior to the other devices tested, However, in addition to a considerably rcduced
cost, the Stedi-Eye 3p has several additional features which favor it. It does not
3 require any electrical power (i.e., a passive device), and it is sufficiently small
4 to be easily hand-held without requiring bracketry in the helicopter. Its size would
3 allow easy storage; for example, in the UH-1, it could be stored in the map compart-
ment available to both pilot and co-pilot. Also, the slightly lower magnification
of the Stedi-Eye 3p allows a larger field of view.

A question might arise concerning the cause of the differences in the results
between the two Stedi-Eye models. As mentioned previously, these two viewing devices
have similar optics with the Model 3ma having the additional option of electrically-
assisted stabilization., Yet, the passive Model 3p yielded better results, The
differences can be attributed primarily to two reasons, The Model 3ma had an addi-
tional unit magnification sighting lens to be used for scanning. This sighting lens
system caused some slight disabling glare because of an eye cup which was not suf-

: ficiently light-tight and a highly reflective posterior lens surface. Alsoc, during
2 the transition from a passive mode to an active mode on the Model 3ma, low frequency
oscillations caused by the stabilization system interfered with the observations.

IR o YN e AT
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A comparison was made between the present results and data from Part Il in
which a different Dynascience's stabilization device (XM-76) was tested with the
3 same target and helicopter as were used in this study. The results from the previous
study indicated a resolution for the XM-76 was 2.8 minutes of arc, i.e., poorer tharn
all of the present devices but the Trans-Lens. !
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The target was resolved by the unaided eye, in flight, at an average distance
of 1710 meters. Figure 8 may now be used to also appreciate the increase in stand i
off range when the various devices are used.

o

o 1

PART I - RECOMMENDATION

The Fraser-Volpe prototype Stedi-Eye 3p should definitely be considered for use :
as a hand-held stabilizer for aerial observation. It has the advantages of perform-
ing as well or better than devices which are more costly and weigh more (and there-
fore would need to be mounted in the helicopter). The lower magnification (8X vs
10X) will also provide a larger field of view, seemingly without compromise in stand
off distance for observation,
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PART II - METHOD

oy

4 The XM-76 (redesignated Dynalens model MS-023) manufactured by Dynascience
Corporation is a monocular viewing device with a zoom capability. The optical image
; is stabilized by a gyroscopically controlled, variable wedge, fluid prism. It is

L powered by either an attached battery cassette or by 15-33V D.C. power. In this

: 3 study, 28V D.C. power from the aircraft was used because the mission length exceeded
b the charge of the battery cassette. The device weighs 40 oz,%»3

All airborne observations were made from the observer's seat (left front) of a
F 3 JUH-1H helicopter between 1000 hrs and 1430 hrs and only on days in which the visi-
- bility was greater than ten kilometers.

Twenty-nine subjects were used, All were commissioned officers in the Army.
Two had graduated from the rotary wing flight training program, one had completed 94
1 hours in the roatry wing program, and the remainder were entering students. All
3 1 subjects had previous flight experience either as civilian private pilots or as
passengers in Army tactical operations.
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The test course was nine kilometers in length over slightly rolling farm and
woodlands.

Each subject flew one flight on each of three separate days. A flight consisted
of five passes at the targets, Passes one and five were flown straight to the
targets, Passes two and four were "pop-up' maneuvers in which the aircraft would
fly below the line of sight to the targets then increase altitude until the target
area was just visible and repeat this cycle as he approached the targets. Pass three
consisted of continuous "S" turns with hecading changes 30 to 40 degrees either side
of the center line. All passes were flown at 55 knots to remain out of the dead
man's portion of the engine fajilure envelope.

The first day's flight was made using only the unaided eye. On the second day,
in order to prevent biased results from learning effects, half of the subjects used-
the XM-76 in a caged mode (as a control) and half used it as a stabilized viewing
device. Their roles were then reversed on the third day. The subjects were not
told which mode uas being used. In both modes, the XM-76 was a seven power monocular
P - viewing device. Although the XM-76 has a zoom capability from 1.5X to 12X, it was
4 o used in the 7X mode throughout to prevent confounding zoom effects with the stabili-
: zation effects which we were studying.

Tue subject's first task on each pass was to locate the target area with the
2 unaided eye before viewing through the XM-76 (except on the first day when all
3 ) sighting was with naked eye only). He then regorted when he could detect the target
S ~panels followed by when he could distinguish that there were two separate panels.
] The targets on the panels were Landolt C's as shown in Figure 6. Target #1 was
twice as large as #2 which, in turn, was twice the size of target #5. The gap in
the C, which could be in any one of eight possible positions, was controlled by
ground personnel at vhe target sites. The subject's final task was to report the
gap position. A forced choice procedure was used., The subject was repeatedly
requested to "guess" the position of the gap as soon as he reported that he could

(S s
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% detect the two panels. The criterion for correct response was two responses of the
F correct orientation of the C in succession, The subject then diverted his attention
g to the next smaller target, and the procedure was repeated. This continued until

3 the aircraft was within 1000 meters of the target at which time observations were

i terminated. The orientation of the C's were randomly selected and changed after

N each pass.

1 Before each flight and after each pass at the target, an on-board observer

evaluated and checklist scored each subject relative to selected airsickness symptoms

! including pallor, sweating, facial expression, and in-flight anxiety. A second ]
observer performed a similar evaluation immediately follewing the flight. These i
observer ratings were totaled and the resultant sum used as an over-all rating of :
airsickness susceptibility on an individual subject basis. At the end of the second

and third flights, the subjects were required to complete a questionnaire which

dealt with their subjective evaluation of the performance of the device and any

observed airsickness reactions.
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Observation distances were computed using the Aeromedical Research Laboratory's
radio-radio range system on board the aircraft!. The system consists of four ground
transmitters located on the corners of a 10 mile square giving 100 square miles of
ranging area. Distances for this study were accurate to 50 meters through the 9000

meter course.

PART 11 - RESULTS

TABLE 11

SUMMARY OF IN-FLIGHT AIRSICKNESS SYMPTOMS RECORDED BY
THE ON-BOARD EXPERIMENTERS FOR THE THREE VIEWING
CONDITIONS OF THE STUDY
Statistical summary for the entire subject group (n~29)

Unaided eye XM-76 XM-78
(no viewing device) (Caged) (Stabilized)
Group mean 40.6 61.1 §5.2 7
Standard deviation 5.9 20.0 15.5 :
Standard error 1.1 3.7 2.9 3

The group mean, standard deviation, and standard error of the mean of the air-
sickness evaluation made by the two observers are listed in Table II for the three
different flight conditions, Figures 9, 10, and 11 show distances for panel detection,
distinguishing two separate panels, and correct identification of the Landolt C
positions, as a function of the type of flight maneuver, for each of the three modes
(unaided eye, XM-76 caged, and XM-76 stabilized). It is interesting that in all of
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these figures, the subjects' performance with the more demanding task of detecting

the orientation of the Landolt C was equivalent or slightly better on the pop-up
maneuvers as on the straight and level passes., This could possibly be attributed to
the subjects' awareness of the limited viewing time possible with the pop-up maneuvers,
With the relatively unlimited viewing time in the straight and level passes, the
subjects cculd have been more reticent to "guess™ until they were more positive of
their answers.

PART II - DISCUSSION

Referring to Table II, the group mean of 40.6 for the airsickness symptoms
manifested during the first flight when the targets were viewed with the unaided eye
represents the reference baseline for this subject group. This score indicated that
the subject group was relatively undisturbed by the viewing task during the five-
pass flight, As indicated by the group mean of 61.1 for the caged XM-76 flight and
55.2 for the stabilized XM-76 task, airsickness symptoms rose considerable when the
visual task involved using an optical viewing device. A t-test comparison of the
individual means for the three test conditions indicates a statistical difference
(pL-.01) for both the caged XM-76 flight relative to the unaided eye flight (t =
5.29) and the stabilized XM-76 flights was not significant (t = 1,25). 1In this
respect, these data indicate that the stabilization feature proper of the XM-76 did
not in itself account for the observed rise in airsickness symptoms in that a com-
parable rise occurred when the device optics were not stabilized. There was a low
but statistically significant correlation between airsickness rating data (rg =
0.40, Spearman Rank-Order Correlation) and the subjects' target identification
performance while using the XM-76 in the stabilized mode. The correlation was noc
significant (rg = 0.30, pL .10) between target identification and results of the
subjects' self-rating questionnaires., Details pertaining to these flights and
questionnaire ratings of airsickness will be outlined in a separate following
report'. A third report® will summavize the laboratory testing phase of the study
which was directed toward gaining an over-all evaluation of vestibular function,
visual function and motion sickness susceptibility rating of the subject group.
Preliminary analysis of the results of these laboratory tests indicates that the
subject group could be considered average or slightly above average in motion sick-
ness susceptibility, although this is subject to some interpretation because of the
special conditions under which the tests were carried out?®.

In 87 flights, including 435 target passes, there were no cases of nausea to
the point of vomiting. One subject began sweating profusely on his second pass
while using the XM-76 in the control (caged) mode, but was able to complete his five
passes. (He had 60 previous flight hours including a private license.) Terminating
each pass at approximately 1000 meters probably helped avoid nausea because the
r:lativc motion of the aircraft and target was slight at distances greater than
this.

The static Snellen visual acuity threshold on normal observers is 20/15 to
20/20, All of the subjects were within this range. An acuity of 20/15 is repre-
sented by a gap size on a Landolt C of 0.75 minute of arc, The mean angular subtense
for the”u?aided eye in flight was quite near the static threshold (identification of
target #1).

Visual resolution or acuity is a rather complex measure. Many parameters (e.g.,
angular size, contrast, color, observation time, figure-ground visual complexity,
luminance conditions, etc.) can have a profound effect on the performance results.
The targets used in this study consisted of black Landolt C's of standard dimensional
ratios on a white background yielding a contrast measured at the targets of 0.86.
Obviously, when viewing through optical instruments, the contrast and image fidelity
will be altered. Such a change is apparent in Figure 12, As shown in Figure 12, the
observation distance to detect the gap in the larger target with unaided vision was
1697 m while with the stabilized XM-76 the distance was 2960 m. The corresponding
target angulur subtenses for these distances were 0,70 minute with the unaided eye
and 0,40 with the stabilized XM-76, Therefore, the gain in performance was less
than a factor of two (instead of seveh) with the 7X magnification used in the XM-76,
Such a non-linear gain can be attributed in part to a loss in contrast and the
degraded quality of the image presented to the eye. These results can be used as an
example of any discussion of performance and magnification. There is no simple
relationship between optical magnification and visual observation distances. Some
compromise in image quality is alwzys necessary with optical viewing devices. The
magnitude of the trade-off will depend upon the quality of the optics in each
individual instrument.

Figure 12 shows the increased observation distances possible with the XM-76
when used in the stabilized mode compared to those found with the caged mode. While
the differences were slight, t.uey were statistically significant (p = 0.01, Wilcoxin
Matched Pairs, Signed Ranks Test).

The Combat Developments Experimentation Command (CDEC) experiment 43,6 contained
a resolution section in which the XM-76 was compared with an XM-26 and an XM-27
(other target acquisition sights)®. The resolution of the XM-76 was 2 1/2 times
poorer than the other two, The CDEC mean rescolution for the XM-76 was 2.8 minutes
of arc, the same as our finding.
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PART Il - CONCLUSIONS

The use of the denoted optical device under the flight regimen selected for
this study did not result in a significant airsickness problem. It was observed,
however, that the incidence of airsickness symptoms rose when the subjects performed
their assigned visual task with the device rather than the unaided eye. Since there
was no significant difference between the magnitude of the symptoms observed when
the device was stabilized and the magnitude when caged, the stabilization feature
proper could not be identified as a problem source. The data also indicate that
target acquisition performance was significantly correlated with the airsickness
ratings of the on-board experimenter. Correlation with the postflight self-rating
questionnaire, though in the same direction, was not significant, The direction of
the correlation, assuming it would be sustained in repeat testing, suggests that
individuals who maintain good visual performance tend to show fewer signs of sick-
ness or conversely, those who show signs of sickness tended to perform below average.
In this experiment, because very little airsickness was encnuntered, there was
little opportunity for potential relations between airsickness and visual performance
to become manifest.

DISCLAIMER

The findings in this report are not to be construed as an Official Department
of the Army position unless so designated by other authorized documents.
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Fig.5 Trans-Lens, D3 (8X)
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Fig.6 Target design and dimensions
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Fig.7 Target size at the identification distance as a function of viewing device. Magnification differences
have been compensated (8X vs 10X)
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Fig.8 Target identification distance as a function of viewing device
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DISCUSSION

This stabilized target acquisition device is ¢ gyroscopic instrument which is spinning
at high speed?

Yes.

Are they held?

Hand-held,

I do not quite understand how a prism i3 incorporated,

The prism again is mounted loosely so that it movea with the vibration of the helicopter,
In effect, when the device moves, the prism remains stable,

I see, It i8 more or less fluid?
It is a fluid dampen:ng motion,

You just said that you saw a need to stabilize the device. Didn't you see any equal need
for stabilizing the pilot?

Yes, however, stabilizing the device, the eye is able to track the picture quite well. As
I mentioned, if you move your head your eye will track and it can stabilize. 1 have seen
designs of helicopters in which by leveling mounting the roter blade will dampen some of
the vibrations themselves,

I made this note when I read this paper--1 may be incorrect, but you talked about the
Stedi Eye 3P which was selected for the test and yet this model is not mentioned again,
Why did you skip over to the XM-76 model in the test?

I am sorry, I meant to show this i{s a two-part paper, a second study.

But we do not know any of the baselines on the XM-76, as 1 recall, it appeared out of
nowhere,

It was not in the first part of the test., That was a second study in which we used the
same parameters and I wanted to include that as a sixth device, It was an earlier study,
an egrlier model, but it 1s still around, so it needed to be mentioned.
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GENERAL DISCUSSION §

Thomas J. Tredici, Colonel, USAF, MC H

i

TREDICI: In the first part of i(his session we will once again simply open it up to questions from :

the floor, questions of any type, on any particular paper on Visual Aids or Eye Protection
or how one might r:late to the other, We will try to answer our questions by the combina-
tion of this "exp~r-ise” that we have here. Dr Forgie, you had a questiocn concerning the
CR-39 plastic lenseu that warped,

T

PR

FORGIE: Amongst the other nationalities, are they utilizing plastic lenses in their aircrew? We
have here the linited Kingdom and France.

BAENRAN: Not at the momeant, No.

TREDICT: So whatever spectacles are used are glass, Are they impact resistant as they are in the

United States?

BRENNAN : I sust admit chis is not my sudject, I believe they are hardened glass, but I renlly;
cannot answer for the others.

ATXINSON: You and I have spoken, Mr Chairman, at the tea break, I think it may be interesting for
people to know the Royal Air Force's attitude towards ccntact lensea. And as we heard
from Dr Chevaleraud, work done some years ago rather suggested that the hard contact
*snses were not really suitable for aircrew. And this has been our policy in the Royal
A.> Porce: that hard contact lenses should not be worn by aviators. However, with the
introduction of soft lenses it is likely that some aircrew members have taken private
advice and are actually flying using the soft lenses. The RAF feels it should inform
those people, after a suitable reappraisal of the situation, that either their use is
discouraged or that a relaxaticn of our attitude may be possible. Therefore, about 20
suitable aviators currently in staff posts in London will be selected and fitted with
soft lenses. The project will be jointly monitored by the BAF and Moorfield's Hospital
in London. After an adejuate trisl with the maintenance of an acceptable correction of
visual acuity these perscnnel will become involved in the second phase of the trial.
This will iavolve subjecting the individuals to changns of environment in the climetic
chamber, decompression chamber and centrifuge at the Institute of Aviation Medicine.
Only {f there arc no problems will personnel be subjected to Phase 3, which is actual
flight trials using soft lenses. It is hoped some results may be made avaiiable by the
end of 1976,

TREDICL: Well, I think that will make a fine project. We will be watching your experiment, which
appears to be a little more formalized and a little more directed than whut we hava done.
For instance, -oncerning the soft lenses, we have done very little besides just obscrving.
We did not feel they were that great an advantage over the hard lenses. Hord lenses have
B a limited use in the US Air Force. We are only using the hard lenses on medically indizated
4 individuals to sallow them to continue to fly, and the soft lenses would not be appropos
’ for these cases. Anyway, because most of these had to do with the refractive status,
irregular astigmatism, some mild cases of keratoccnus, etc., the soft lenses do not work
very well in these situations, Mow, we, too, know that there are some individuals fiying,
maybe a fair'y large number, with contact lenses that we never know sbout. But, we have
rll contact lens wearers theoretically lisied at the USAF School of Aerospace Medici
because we have a USAF regulation that says they should all come there if they are going
co be fitted,since we never anticipated a large number o csses and so we could keep
better control. Presently, it is about 25 to 30 patiente, ad this system has worked very
well. We have kept two of these who had the m-st severe keratoconus on flight status,
one for a decade and one for 1l yeavrs. We recently h.d the first flyer to have to be
subjected to 8 corneal traisplant for h.s keratoconus. He ig now in the recovery stage
and he is not flying any longer. But, we had gcod success with the contacts in his case
up to this point.

FUCHS Just one comment. Since we have heard something on the attitude of the Royal Air Force
at this point and your explanation as the practice stands within the US Alr Force, 1

¥ think it would be of utmust interest for a!l participants here to hesr avmething on the

attitudes as pricticed in the other Air Forces.

, BRENNAJ ¢ Returning to your original subjact about correcrive flying spertacles, 1 think one of the

; reasons we do not ‘+2 cclumbia tesin or any of these other plastics, polycarbonates, is
that the prime prutection against damage is by our visor system--the spectacles, of course,
are wora behind the visor,

WARD: A commet.t and a reques- concerning contact lenses. Air Commadore Price’'s study being done
in the UK might help us. When you gec these individuals tc the Institute nf Aviation
Medicine, could you please throw some dirt and some dust in their faces--that would be
analogus to our operational conditiors in the Army with helicopters and rlso some chemical
substance--tear gas--which somctimes we come in contact with or something similar and a
follow-on in close-to-the-ground enviromment and lengthening the ability to wear these
devices, Jgain, in relatively primitive opevrating conditions. 1 think they are very
pertinent to military operations but many of you in the Air Forces have lived {n a nuite
luxurious environment--we, in the Army and those of you in your armies also might rot
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soft contact lenses by aviators, It did not quite go into the tear gas routine and all
these other tortures, but it was not very favorable to the soft lenses although that was
the most complete study that I know of at this time,

I think it is most important that we do look at toxic fumes because it has been reported
that soft contact lenses can absorb and release them slowly thereafter, so it is a very
valid point-—-not perhaps with tear gas,

Just another comment along the same line from the US Army and helicopter enviromment,

The points you mentioned earlier about having to boil or asceptise these things--now,
when we can, and 1 think we will shortly, go beyond that stage, the Army will try another
study but that is a real stumbling block in the field now.

That's another reason I agree with you, The first reason was that if we were to eliminate
anyone with astigmatiem, almost all of our contact lens patients were because of irregular
astigmatism or keratoconus. Another thing that we just cannot live with is all the
paraphenalia that one needs to care for soft lenses. Now, I do know that in some foreign
countries these soft contact lenses are being sterilized with chemical methods. But we
cannot do that. The Food and Drug Administration has not allowed that as yet. We have

to do it by boiling, which means you have to have your 110 volt electricity--you take

the baby bottle sterilizer that comes with the kit and sterilize the lenses. The people
we have given hard contacts to like to place them in their thin case and put it in their
pocket and that is it--they can clean them with a lot less bother than the soft lenses.

What Dr Tredici just said is quite correct, At present, in France we have the poasibility
of using cl.»mical sterilization methods which are furnished with the lenses and which
improve the hygiene of these lenses. On the other hand, one should aleo realize that in
France they are not worn unless they are prescribed by the ophthalmologist, and adaptation
is done under the control of en ophthalmologist. Consequently, less and less individuals
(subjects) go to a fitter who 1s not a physician because in the latter case the tolerance
is always less than when one sees a physician. Thig is not only true for aviation, but
also for violent sports, such as rubby or skiing as indicated by the interest for the
lenses. Morcover, 1 beiieve that the regervations advanced relating their use in the

Air Force are correct. Whatever the advantages of these soft lenses, they do avoid the
wearing of spectacles; they increase the field of vision; they ensure a better depth
perception because the size of the retinal image is much closer tn reality than with

the glasses, and this is important. And, despite everything, one needs to be careful,

and in our regulations we do not recommend the contact lenses unless the visual acuity of
one eye is 10/10. Therefore, if the pilot loses accidentally the lens he is authorized to
wear, he satill has one good eye without any aid. We usually allow the wearing of these
lenses to seasoned pilots who were able to continue their flying acti-ity, thanks to a
unilateral contact lens. And, presently, we believe that better than the scleral glass
(lens) the soft lenses, as demonstrated by results obtained by clinicians, are by all
means best !ndicated. Thus, militarily speaking, we can salvage excellent pilots whose
career would be otherwise finished.

This {s exactly our USAF policy on the use of contact lenses by aircrew. They are Zor
medical indications only and presently we have found the hard contact lens such move
satisfactory than the soft lens. We, too, have fitted only one eye in most cases. Our
indications have been to continue & flyer's career after he has suffered trauma to the
corne ., loss of a lens, irregular astigmatism or keratoconus.

If we go back to the earlier sessions on accelc.ation and consider some of the concerns
chat were spoken about during the pathology session having to do with the effect of helmet
weight with regards to escape and consider the many missions that requive some kind of
visual protection to be placed on the helmet, such as the protection againat flash
blindness, the new capabilities that are associated with visually-coupled systmes, laser
protection, night vision devices, blast protection and balliatic protection, 1t ceems to
me that it might be worth cona{dering the kind of approaches that are going to be required
in the future to porform the integration of all of these performance capabilities into a
system that the pflot will still be ablie to safcly wear and use.

Well, Dr Clarke does have a very valid point., One approach would be better selection of
individuals at the onset. At least efpectacles and contact lenses wonld be eliminated from
Dr Clarke's list of appliances and protective devices. Without these extra factora to
integrate into the system, this would at least simplify; things & bit. Does anyone else

on the panel wish to comment,

I think that once you have selected pilots with good visual tunction, you still have the
problem of the other visual aids and protective devices, and {t seems that mission-specific
equipment is une direction that might be considered. One point that 1 had meant to make,
which 1 missed this morning when I spoke was regerding the very great ivportance of crew
equipment people communicating with the engineering community eisrly in the development
phase so that inadequate fixes can he avoided. The integration can be considered very
early in the development stage--what happened with VTAS for example was that the eugincers
were gble to do all of these wonderful things and the phycicists could design an optical
system but they really did not consider the man and the platforms« on which this had to be
mounted 8o that they wound up with a lot of things that had to be, in retrospect, adapted
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interface with the equipment, We are considering those problems very esrly but the
aission-spacific equipment seems to be a good resolution too with this kind of an approach,
this kind of a problem rather, but in the attack community whers we way require flash
blindness protection or we may require some laser protection and we may also want to use
some of the head-coupled visual aids, then we have a very severe integration problem, and
we will undoubtedly have to make some kind of trade offs of things that we add or leave
off the helmet because we cannot really sacrifice the protective function of the equipment
in order to add some visual capability which may or may not really be necessary.

I would like the Panel's opinion on the science of orthokeratology which involves molding
the cornea with a graduated series of contact lenses and it is my undarstanding that you
can bring a person with visual acuity of, say, 20/200, 20/300 range going to 20/20, 20/30.
Now, there is an increasing number of airline people who are doing this, having this donme,
and I suspect that the military people may also be involved.

Well, I am sorry that you brought up that topic, I think I have written the only article
on that topic, which appeared in the medical literature. Now, I am supposed to be an
expert, but I am really not because I have not practiced orthokeratology. Some of you may
have not heard of orthokeratology. This is a term that was conceived by optometrists in
the US, meaning straightening of the cornea. Now, any of us who have fitted contact lenses
know what a misfit lens or a large, thick lens will sometimes alter the cornesl curvature.
1f it is altered in the right manner, it may help the patient hecause altering the corneal
curvature makes a large change in the refraction since the cornea does two thirds the
refracting of the light rays. This might create another problem ip that if you begin to
fit such lenses you are going to have to mounitor them very carefully hecause in a short
tize you may not know what their refractiveerror really is, On an annual examination

they may be myopic; on the next they could be emmetropic or develup a little bit of
astigmatism, etec. This is a real problem for our flight surgzons who are not ophthalmol-
og'sts, Now, concerning orthokeratology, in the first place I am not sure that you will
be able to tell who is being treated if he does not volunteer the information. One would
need to know the patient's original keratometer readings, refraction and visual acuity and
compare these findings with the present ones to evalucte the entire procedure, We do not
recommend orthokeratology at all; we do not practice it im the US Ai{r Force. We know that
it i{s being performed, especially on people in the ROTC and cadets at the AF Academy, but
these individuals are civilians and we really have no jurisdiction over what they do on
their own time, What we have done was to cbserve what has been going on so we could get
data and then perhaps either attempt to outlaw the procedure, condone it or change th2
visusl standards. My own experience is that to alter one's cornea so ac to alter the
refraction from 20/300 or 20/400 acuity down to 20/20 is highly unlikely. I have seen
only one case in which treatment of such a gross error was attempted. She was a female
dietician and that young lady never came down to anywhere near 20/20 but she was 6 diopters
myopic and her cornea was flattened down to about 2 diopters. Mostly, orthokeratology
works on people who have about 1,00 to 1.50 diopters of myopia, just enough to fall outside
of the pilot population or cut-off (-1.00D). They rush out and are orthokeratologized but
you cannot predict whether they are going to end up with a aice sphere or they are going
to develop some astigmatism or, like we have seen, keratoconus. We have seen only two
such cases. One case has developed kerstoconus only on the side wearing the contact lens,
the other eye atil] lookas like 1t ia in pretty good shape. Now, what you are asking for
is rome guidance as to what you ought to do. I suppose if you have an adequate supply of
aviation candidates you can simply say that you are not willing to accept anyone who vears
contact lenses or needs contact lenses to bring his visual acuity status up to s certain
level. Your problem then will be how vou are going to find those undergoing treatment.
The ones we have been following volunteered the informatiun, They said: "We are having
this treatment and we will let you observe what is happening." You can flatten the cornea
tc where you get a fairly decent acuity even when the contact lens {s removed, bu. in sbout
992 of the cases the corneal collagen will all bounce back and the corneal curvature will
revert back to what it was before the treatment, but not in every single case. That is
vhere this procedure stands right now. You cannot predict whose cornea is gnint to change
how much.

I suspect it is going to be a continuing problem but there 1{s an optometrist in Toronto who:
is doing & flourishing practice in this. I know there are scwe airline pilots who are
atteading him, at least before their annual medical so that when they have this their
visual acuity is going to acceptable levels, wvhich is not were it not for orthokeratology.

May I add one question to follow Dr Yelland's. We have to consider that this is some kind
of self medication, and my question is a practical one. Can yw ae an ophthalmologist
doing an annual physical examination be aware that the aircrew did not use before such
self-medicated orthokeratology just to get through the examination?

Yer and No. If you are willing to go through a lengthy examination and you have a baseline,
then you can find it, A baseiine means you have the pre-contact lens refraction, findings,
and keratometric readings. Then compare these to your present findings saad then you will
know, but 1f he knew that he was coming in for an examination wvithin & two-week period

and he could titrate his contact lens wear against a very eusy target--his acuity, he can
tell when his acuity is at a certain level, then he could remove the lens ard rome to see
you a day latcr, then the answer is No, because there usually is no abrasion or stippling
of the cornea. So if you did not have tne pre-contact lens data you would not be sware
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people who want to get into aviation. WKhat we have dons at the AF Academy is to liberal-
ize our visual standards., A small percentage of each graduating class are allowed to begin
flight training wearing spectacles to correct their refractive arrors. Orthokeratology
results appear to be only temporary.

1 have one question concerning paper No, 6, a question of Prof Chevaleraud. Did you check
the reaction of thoge soft lenses also during rapid decompression in your chamber flights
or do you believe that there would be expected bad reactions. That is the first question,
and the second question concerning paper No. 4, the paper of the Session Chairman is:

Have you any experience of this same kind of sandwich-construction eye protection glasses?
I could imagine that there could be good effect from combining different materials, to
combine the good things of all those?

No, we have not made any rapid decompression runs because I had chosen to make one climb
and one descent at 10 m/sec. It is, thus, relatively of little importance. As to what

could happen during & rapid decompression, I believe there is less chance of bubbles or

of a lens injury than with a hard contact lens. And this is an additional advantage of

the soft lenses over the hard lenses.

I would like to add one word here., 1 believe the laet slide that I had indicated that
there would be changes in the materials, in new techniques and in fitting procedures

which are & decade or two into the future. I know Zeiss of West Germany is working on a
combination soft-hard lens, soft on the inaide, hard on the outside, so that 1t will fit
with comfort and still correct astigmatism. Now, this kind of an approach when you add
perhaps increased oxygen permeability means that then the lens could be placed on the
cornea and perhaps not be removed for months, As for the sandwich construction (laminates),
Yes, combination of glass and plastic lenses have been made (like automobile windshields).
They 2re very resistent to breakage hut have never found wide favor because they are much
too heavy.

I am going back to what has been gaid regarding the articles in Jaily publications (news)
that both pilots and navigators may read concerning processes to improve their visual
acuity, 1 belicve that the role of the tlight surgeon is to warn them against this
procedure. 1In France, for a few years many pilots have tried to use Bates' method. It
wvas a8 so~called method of relaxing and which spparently showed, as possibly the method
just proposed in Canada, a certain success in the civilien but not in the aviation
population. 1In time it was found that this method brought no results, but deteriorated
already existing conditions. I believe that one must be extremely cautious, and stress
this point to the pilots regarding the danger of increasing a 1/2 diopter to one full
diopter as it has happened with some of Bates' methods. Therefore, I believe one must
emphatically discourage these procedures. On the other hand, we know that eye surgery
and corneal surgery may be performed on flying personnel and that keratoplasty on

pilots following certain traumatic lesions yilelds excellent results., The Japanese have
also used a surgical method called Sato's method to treat astigmatism. It consists in

a posterior corneal incision to redice the curvature radius. This intervention has not
proven to be effectivc. Unfortunately, at present, with the exception of optic procedures
and certain surgical procedures one cannot improve vision following & corneal lesion.

1 am going to take the liberty of changing the subject here rather abruptly to get on to
one of the other areas. I will ask Dr Chevaleraud the question since presbyopia obviously
does reduce the effectiveness and efficiency of a flyer: Was there any consideration
given of just grounding the flyer rather than going through all of these manipulations?

No. I think that in our text we have a measurement (value) for near and far visual acuity.
When an individual (subject) does not meet the conditions as defined, we are just as con-
cerned with correcting both near and far visual acuity. And, so far as I know, we have
never had to ground somecne because he refused to wear near vision corrective aids. These,
as you know, are necessary in certain pheses of aviation where one needs to read using
near vision.

All right. That is why 1 brought the subject up--if we had an oversupply of pilots, that
would be the easiest way out of this whole thing. It would be a rather difficult thing

to do, but we have brought in so many difficulties and to integrate even a bifocal or a
trifocal with all the other apparatus that we are talking about, it i8 just not too
efficient. I realize that my solution is like an ax, but [ only brought {t up to generate
a discussion but sivce apparently nobody is willing to take that position we will go along
and continue them in ithe cockpit with bifocal and trifocal lenses.

Addressing your question sbout the problem of bifocals, trifocals, glasses, contact lenses,
and all these other vision aid devices, 1 am afraid that the individuals making the deci-
sions and having the final decision-making authority fall within the category of those
needing visual assistance. Also, they have sons end very good friends in the young age
group that also need visual assistance to meet the flight standard training requirement®s.
As long as we have this bias, 1 am afraid that we as physicians, physiologists, and
optometrists are going to have to learn how to make these individuals who do not fit

the ideal physical standards compatible with the mission profile and the machines they
must fiy.

A comment to the ge..tleman in reference to flashblindness. First, 1 would like tu commend
them 4ll on what I think 18 an ingenious device and pass our regards to Dr Kutching;
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weapons, 1 think, has to be considered and would encourage you to continue in your work

to see if we could get incressed transmission. I agree that the KC 135 and B-52 missions
could do well with 207 transmission whereas if you get into trees in the dusk and at dark
it 18 just not a tenable situation so I would encourage you to continue with the efforts.

I could comment on that. We have on our continuing work with the Polaroid Corporation
from whom we are obtainirg our polarizers and from whom we plan on obtaining them in
production, Commercial polarizers are designated as HN-22, HN-32, HN-38, the number

being the percent transmission from unpolarized light. Within the past 6 months Polaroid
has been successful in developing for us an HN-36 polarizer that has an improved off state
when compared to their previously available HN=32 polarizers. Granted, we are talking
ahout small percents but every little bit helps. The other two avenues they are working
on for us is improving the off axis protection level for the polarizers and in bonding
techniques. Realistically, we will probably do well to increase this figure to 252

unleas we find out that we can alleviate the protection levels that the US military is
asking us for--you can move up the transmigssion level in the open state if you are willing
to sacrifice from a closed state. In other words, i{f you are willing to work with an

OD of 2 to 3 rather than 3 to 4.5, then we could possibly raise this transmission level

up to around 30% but you would have to give on one end, We will not get 50X, I assure

you because if we have to use KG3 glass, they only transmit 87X of the light. Then, of
course, you have the windscreen which is going to reduce the transmission even further.

I want to add something here, simply because these two gentlemen may not be aware that
the Ophthaluology Branch at the USAF School of Aerospace Medicine was involved for nearly
a decade--I inherited the project from Jim Culver on this flashblindness protection. We
really were not successful in solving the riddle even though we spent a lot of funds,but
we were laying down the foundation for the solution to this problem and so I do not think
it was all done for naught, that when we finally did achieve a photcchrowic device it was
like the EG&G goggle. 1In the goggle form, all the apparatus that were needed to set it
off were so cumbersome--it had about 50 pounds of electronica, battery packs, etc., so
this PLZT system is really one of the big breakthroughs--1it is the fact that your weight
is on the order of magnitude of 10X less and that is really what I think is the main
advantage,

With our approach we are saving quite a bit of funds because now the magnitude of funds
required for retrofitting the aircraft is reduced by quite a bit.

If I sound pessimistic, I do not mean to be so, I would like to just amplify a comment
you made earlier, and I hope it is a comment that would bring a little realism to this.
Everything we have heard has been about enhancement of one of man's sensors; the flash
protection devices is nothing more than an enhancement of his blink reflex; the night
vision goggles are enhancement of his normal physiologic ability to see at night or not
to see at night; the hand-held stabilization devices and the VTAS, etc., all are extension
of a normal sense. What this is going to amount to, if we keep going, is either we are
going to have to go back to Mustangs and Hurricanes and leather helmets or we are going
to have to get the orthopedists involved. We are going to have to fuse the man's neck
so that he can support all of this weight and he can actually use it in the enviromment.
And I will only plead, as 1 am involved in the biomechsnics end of this and see these
pilots coma back from the test range reslize they cannot button thedr collars of their
dress shirts at night because of acute muscle swelling. We have problems--if we add
ounces to the man's head for whatever purpose. Now, I realize that we need enhancement
to do our tactical migsions, but there has to be a compromise, there has to be an end
somenlace to all of this,

I am both an engineer and a physician. And I know that, from the physical scientist
standpoint, when we find a way of enhsncing men's normsl senses we sell it immediately

to the operational community. This immediately brings to the iine officer new tactics,
new doctrines, nev strategies. Then the medical department is asked to make the man work
better as a human being in this environment and you just can't do anything to improve the
physiology of man--all we can do it support him, and I think that, like Dr Chisum said,

we need to get the medical people and the engineering people involved--and that just never
happens. We have to be realistic about {t. We hope it will work but we are reaching a
1linit here from a realistic pragmatic standpoint of wnat we can do with a nan's head.

1 agree vith what you say, based on the observationa you have made. We are out to prior-
itize things, advise what trade-offs would be necessary to what part of a mission. We
are not dealing with an omni solution for all things, for all men and sll situations--
that might be the only way to go.

I thoroughly concur with that. 1 think that within the research community there are too
uany of us that promise too much to the engineer, to the operationsl side and are not
honest and say we cannot extend ressonably the physiolegical limits of the individual

and tell them: "You can give us all the money in the world and we cannot vithin a reason-
able time, az a ressonable cost, and with s reasonable weight penalty solve your problems';
vhereus there sre s lot of people that will say: "Give us s lot of money and we will look
at that problem."” Okay, it keeps the jobs going; it keeps the inatitute open, but we

are not being honest to the people we are supposed to be supporting.

But those are the people who may solve the protlem. Where we are missing the point is

that they are not iavolved im the overview of the whole thi
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PPOFF: I think our projact shows an example of this. What we are looking for is not the goggle
that we see here today--that is an iaterim goggle. Our goal was to keep it at one pound
or less and we are there now, but we are not going to stop at one point or less. We will
keep on going down; however, we are going to keep the endeavor open even after we get
these in production to develop a pair of what you might call sunglasses. It is even our
hope that these might even become the sunglasses and the flashblindness thermal protection
for the eyes. PFor the B-1 bomber, we have already decided we are not going to man at all;
it will be in the thermal shields, therefore, we have taken all the weight off the man in
that particular circumstance. Now, I will give you a personal opinjon. I would rather
see us go back to & leather helmet and take everything off of it, and if we do have a
necessity for a mission specific, for a device which puts some kind of beam or picture
in a visor in front of the man's head, then we get a man that can operate in a high G en-
vironment to do that specific mission, and I would trade off the possibility of hitting
his head after ejection on the ground to accomplish the mission because being very cruel,
I would rather accomplish the mission and fracture the skull later than to protect the
skull now and not be able to accomplish the mission., That is my personal opinion, please.

BLACKBURN: How much can we add in terms of devices of various types? We can, I believe, to some
- degree--we do have to make a valid judgment as to the value of these devices as compared

with the physiological capability of the man to perform that mission. 1 can give one
example, however, where when enginec.s who develop weapon systems and the crew systems
people get together that accomplishments can be made. In the first days of the VTAS when
the engineers who developed that electronic system were working independently they took
a standard issue 5.5 pount Navy helmet and added l4 ounces to it, way forward to the
center of gravity and much more bulk and when it was sent out to be evaluated, they said
it d44 not work. It did not work not because of the electronics but it did not work
because of the poor pilot who could not hold up their heads because of the weight on them
in pulling G's. When they finally came to us in the development of the helmet, during
the course of several evolutions, he now has a 2.5 to 3 pound helmet with the VTAS inte-
grated into the shell of the helmet and we have lesssned the weight and the penalty of
man by at least 50X by doing so.

TREDICI: In a way what you are saying is that we should go back and evaluate the mission and see
of what importance all of these things are. How necessary are they rather than Jjust the
continual addition of more and more gadgetry so that in certain cases vhat we really need
to be doing is substituting one for ancther rather than adding on and on. And, 1f the
substitution 18 not an improvement, then we should not fool with it,

KNAPP: 1 will wake just one more comment and then pull out of this dislogue. 1 think it is not

: so important to worry about the safety aspect as it 1s the human performance of thc mission,

! the efficiency during the mission, and that is what I am talking about. I am not talking

. about crash effects or anything like that; I am talking about man's efficiency during the
mission. We supply him with black boxes to do his job better but in fact we may compromise
his ability to do the overall mission. Night vision goggles--he can only see 20/70. Does

, he need to see better than 20/707 It would te terrible to get out there and to find out

: that he cannot deliver the weapon or that he cannot fly the mission at 20/70 at night.

F i And realize that all you have done is for naught. Because if all he needs 1is 20/70, it

L ' improves cur selection criteria for aviators to only 20/70 instead of 20/20.

TREDICI: 1 am in agreement with your philosophy of efficiency, but I disagree with your last comment.
1f he starts out with 20/70 and then he further degrades, you are now down to nothing.

PERDRIEL: 1 believe that all the comments made are very important because the role of the Sensory
Committee, of our Panel, is actually to discuss the limits of the visual aids of the
general personal type, and of the visual aids adapted to air navigation; namely, thouse
that are placed in the aircraft, And, I may add, that each time that one of us commin-
icates with an engineer or s technician proposing a new visual aid, we always must ask
vhether 1t may be placed in the cockpit. I shall use atomic protection as an example.

- Present technology prevents the use of proper protection agsinst flash on the transparent

/ walls of the cockpit. And I believe that it is time we try to concern ourselves with

this, let us say, general protection to the aircraft rather than place this protection

] on or before the eyes of the aviator, This would permit us to consider a protection from

both the lasers and the atomic flash rather .asn give the pilot only hard glass to protect

: hin agsinst external trauma. We need to place some substances on the walls of the cockpit

which would avoid shock. We could, thus, place a visual protection on the plane. I

3 realize that this, in aviation terms, would increase the “psylosd" or weight of the air-

craft and may modify its performance, Conversely, one may also wonder whether this

: protection would not be better than to transform the pilots into true visual robots,

[ ! Because, if we try to imagine the pilot with all the apparatus, all the visual aid equip-

‘ aent we have heard about today, well, I wonder what it does represent from the human point

i of view.

]

! TREDICI: The General has made a very grod point. This panel has todsy heard about the ultimate in
i sophisticetion in insctrumentation and yet sometimes we cannot afford tne penalty it extracts
1 in other areas, such as & too great increase in payload or a decrease in maneuverability.
i This brings us back again to the point made previously. There will be a need for trade-offs
l or specialization in wission capabilities.

: FUCHS: May 1 take the privilege of the Chair of the panc and bring this discussion of philosophers
- to a cless. When you look into the entire histor £ the past ten thousand ysars, nobody .
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the asromedical scientist and practitioner to assist Man to his best, I would not like to
§0 so far as to say-~this is making a joke--that you can put a blind man in primary control
of a high psrformance jet sircraft if you can provide him with a speclally trained German
ahophntd. But, nobodywould believe when the Wright Brothers started flylng that within

a very short while we could reach more than 3 Mach,

On that vein then, General Fuchs, we will close this session,

In sumnarization, then, I would remind you that Vision plays the most prominent vole in
data gathering for man, so much so that anything afiecting it will be significant for the
aviator. Those of us caring for the aviator or attempting to increase his effectiveness
could not look at a more fruitful area.

Clear vision assures us of procesaing uncluttered and accurate data in our mental computer.
What occurs with this information after its reception is concerned with the training and
developed skills of the aviator. However, if inaccurate or incomplete visual information
18 received, we are almost assured of failure of that task, The shorteaed time element
available in decision nnking in modern aviation makes 1: imperative to 1ook ccrefully at
the visual task.

It is because of this that we have in this session, this morning, looked at visusl aids

for the aviator. In an attempt to extend his visual range, reduce his decision and reac~
tion times, we have exemined aviator spectacles to improve and maintain his basic vision,
by correcting his refractive error and presbyopia, We have also looked at newer modalities
such as contact lenses; we have explored ways to further extend his visual capabilities
when his visual apparatus is deficient--especially in his limited ability to see at night;
and to extend his useful life in the cockpit, we have discussed the available solution

to the inevitable problem of presbyopia.

Once selected for exceptional visual capabjilities and expensively trained for aviator
duties, of necessity, the vital visual sense must be protected and preserved. This, too,
has been addressed in this Sesaion. Protection of vision from excessive physical and
electromsgnetic energy is being achieved by the use of spectacles and visors produced of
materials that are the latest breskthrough 11 the state-of-the-art.

This Session also brought forth that much more needs to be done-~from making difficult
decisions concerning visual 3tandards to continued exploration, hopefully leading to
the ultimate "omni" aid and visual protector. We hope this Session has set the tone
for continued explorntion and development to enhance and protect the flyer's most
valuable rescurce--HIS VISION.
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