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REPORT OF WORKING GROUP ~.8 -~~

INTRO DUCT ION

The working group~was specifical l y asked to suggest procedures
for study ing the optical propert ies and visual effects of the XM—29
mask , and this report is based on material presented and discussed at
Ft. Rucker on July l1+~l5, 1976. However, the techn i ques of field and
l aboratory testing desrribed in the report may be generall y used to
study a variety of face masks. - - -~~~~

XM-29 Mask:

The XM—29 field protective mask is des igned for military use
to provide resp i ratory protection against field concentratjgn.s_o.f.—e-l--1—
chemical and biolog ical agents in vapor or aerosol form.KThe mask
covers the face and is suspended by a flexible six—point harness
attachment such that a continuous periphera l seal is made against
the face of the wearer. The facep iece consists of the peripheral

• - seal ing area, th~ harness—attachment area, the l ens area, the
component—mounting area, and the nosecup area.

The component—mount i ng area of the mask covers the forward
reg ion below the ‘ens, the chin reg ion , and the mandible reg ion of
the face. It contains the following components:

1. Forward—mounted acoustically transparent speech diaphram ,

2. SIde—mounted adaptors for canisters , an outlet valve
and resuscitation tube assembly located at the low point of
the mask , and a water intake and valve assemb l y with internal
and external portions.

The nosecup is an integrall y mounted , flexible assembly that
accommodates the oral—nasal configuration of the mask wearer and that
contains one or more Inlet valves.



~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ “ ‘~~~~~

Princ ipa’ Reconinendations

1. There is an urgent requ i rement for field testing the
XM—29 mask to determine Its compatibility for use in conjunction
with specialized optical view ing instruments . The tests should
encompass all instruments in the current or antici pated Inventory.
Planning and execution of the tests should inc l ude the participati on
of the U. S. Army Aeromed cal Research Laboratory (USAARL) and U. S.
Army optical eng ineering personne l familiar with the equi pment and
its application .

Performance under test conditions using the XM-29 mask in
these field tests should be compared with performance us i ng appropri-
ate current masks , such as the M-17, M—24, and M—25, and compared with
performance when no mask is used . The results of these tests will
provide both a basis for evaluat ing the degree to which the XM-29
universal des i gn prov i des improved capabil ity and a data base for
determining whether special designs may be needed for specialized
applications .

2. It is recommended that hi gh priority be g iven to develop ing
a spectacle frame that can be used with the mask without si gnificantly
degrad i ng the seal . The frame should accept lenses of standard shape .
We believe that there is a hi gh probability of developing a successful
frame , g iven adequate fund i ng and the use of a sound systems approach .

The alternate approach , which uses lens inserts in the mask for
spectacle wearers , presents serious problems . There will be major
technical difficulties in achieving and maintaining proper positioning
of the lenses as wel l as logistica l problems in delivering the necessary
optometric services .

3. It is recommended that an evaluation be made to determine
the possibility of reduc i ng the thickness of the mask , either overal l
or locally in the area close to the eyes when the mask is collapsed
for instrument use. We recognize a numbe r of potential prob l ems
associated with this concept , but the major optical benefits to be
gained from reduct i on of aberration and from improved access to the
exit pupils of the viewing devices warrant this recons i derat i on.
Even the presence of some kind of stiffening ribs mo l ded into a mask
that is otherwise thin would probably not negate these benefits as
far as overall performance is concerned.
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Discuss ion and Secondary Recommendat ions

The des ign of the XM29 mask from an optical point of view offers
the important advantage of a wide unobstructed field of view but with
the associated disadvantage of an inescapable loss of visual acuity
for almost all directions of view . This loss (to be discussed later
in the report) w ill occur even for an optimally centered position of the

- - 1  mask. It is inherent in the geometry of the system, quite separate
from additional visual loss that might arise because of imperfections

- 
I in the molding or in the uniform i ty of the coati ngs, because of haze in

the mask material , or because of flexure of the mask away from the
nominal position .

For some applications , such as use by mobile infantrymen not
us i ng optical instruments , we expect that this loss of acuity will be
within acceptable limits and , with regard to total visual performance,
may be more than compensated by the gain in peri pheral field of view .
There is , however, a potentiall y serious prob l em of the disrupti on of
norma l space perception caused by the optical aberrat ons. This could
l ead to erroneous judgment of distance ,or to wearer discomfort . Field

• tests and/or laboratory tests should be carried out by USAARL to re-
solve this issue .

The loss of visual acuity can be quantifi ed throug h optical
measurements of a prototype mask and by optical computation . We
recommend that these neasurements and computations be g iven a hi gh
priority; the optical measurements are within the capability of
USMRL , but it would ~ more appropriate for the computations to be

• carried out by the mac k developer. The measurements will , of course ,
reflect defects in the fabrication and material of the sample tested
as well as errors due to the geometry. A suggested procedure for
making these tests using a precision focimeter is g iven in Figure 1 .
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FIGURE 1 Use of Focimeter for Test of Mask
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For applications requiring vision through telescopes , sig hting
dev ices, and the like , we think It likely that there will be a degrada-
tion in visua l performance compared to that achievable in the absence
of the mask. The field tests recommended above should determ i ne the
magnitude of this degradation and whether it Is within acceptable
limits. If the performance is unacceptable for a task or for a class
of tasks , then it may be necessary to des i gn specialized versions of
the mask for such specialized requ i rements.

It is possible that it may be necessary to incorporate flat
or pIano mertiscus windows of good optical material (comparable to glass) .
The exit pup il requirements of typ ical binocular instruments rule out
the possibility of us i ng a single extended flat window and would requ i re
the use of separate , probabl y circular,windows , one for each eye.

As we shall see in a following discussion , the mask also
pre~ients potentially serious problems by affect i ng the wearer ’s space
perception . This may lead to discomfort , even nausea , and may affect
his ability to perform tasks requiring depth percept i on. The field
testing recommended previously (Principal Recommendation I) should in-
clude an evaluation of these effects . Laboratory testing of personnel
wearing the mas k would also be useful .

The above comments are valid whether or not the user is wearing
spectac l es, provided that the lenses used by the spectacle wearer g ive
the proper correction and are properly positioned before his eyes. The
position i ng of the lenses with respect to the eyes is often hi ghly
critica l . The proposed inserts will not achieve this result , and we
doubt that any insert system will do so in a practical way . We have,
on the other hand , seen no conv i ncing ev i dence to rule out the use of
mask— compatible spectacles , and we therefore feel strong l y that
hi gh priority should be g iven to find i ng an optometrical ly satisfactory
yet compatible spectacle frame . This effort should go beyond modifi-
cation of existing frames and should include the evaluation of wide ,
thin temples of a soft plastic tapered , if needed , t.~ a feather edge.
It is current policy to provide al l combat t roops with a spare pair of
spectacles . The mask— compatible spectacle could be suitable as a
spare. There would thus be a substantial saving over a system requiring
two pairs of spectac l es plus a mask insert for aN combat personne l .

3 
Such a potential saving, alone , clearly justifies an expenditure on
development . In the op inion of the Working Group , the pr obability of
finding a satisfactory solution is hi gh.

Why does the geometry of the mask i nherent ly pose a problem?
The front surface of the mask is a toric optical surface of about 1.
diopters power in the vertical meridian and 6.7 diopters in the hori—
zortal meridian (assum i ng radii of curvature of 5” and 3” , respectivel y ) ,
and the rear surface is toric with powers of about minus Li and minus
6.7 diopters. The two surfaces wou ld thus balance If the thickness of

4 the mask were zero, and the comb i nation would have no refractive power.
But since the mask has some finite thickness , such a balance can be
ach ieved only by us ing an Inner power that is s l ightly stronger than 
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the outer power —- arid then only for a line of s ight perpendicular to
the mask. If the line of si ght is obli que, these conditions for
neutralization no longer exist. There will be an asti gmatic power

• error and a deviation of the centra l ray of the bundle. The deviat i on
will be different for each eye, unlike the case with spectac l es where
the analogous deviation is usual l y similar for both eyes (see Fi gure 2).
The difference in deviation can l ead to problems in spatial perception .
These problems would be reduced by either making the mask thinner or by
reducing its curvature , but they would not be completely eliminated
because of the separation of the eyes. If the face plate flexes , the
angu lar error w i l l  f luctuate. This w i l l  make the scene swim and could
l ead to nausea .

The job of the opt ical des igner is to p ick curves for the mask
that minimize these effects , except for those attributable to flexure,
over which he has little control . It iS also important that the de-
s i gner report h is des ign data in visually useful terms that can be used

- 

- to predict binocular v isual performance.

— The des ign resu l ts should therefore be presented in terms of - .

optical power error in diopters at the spectacle position for both
eyes , for both the horizonta l and vert ical merid ians , and for a number
of lines of si ght. The deviation of the chief ray of the bundle should
a lso be given in prism diopters . Thus the resu l ts  will be stated in
established visual terms and therefore w i l l  be access ib le  for comparison w i th
the substantial emp irical data base on the visual effects that occur in
patients hav ing anisometrop ic corrections or other defects s imi lar to
those imposed by the mask.

A laboratory optical evaluation should be carr ied out to
measure v isual errors as seen from the spectacle posi t ion for each
eye. The measurement made by s imp ly placing the mask in a foc imeter
in the plane where one would test a spectacle lens will not revea l
the errors described above , althoug h it would help evaluate monocul ar
performance of the mask when pushed into the pup il of a telescope .

To make the required measurement , stops should be placed in
the mask approximately at the center—of— rotation point for each eye.
The stop should then be p l aced at the measurement point in a foci—
meter and the mask rotated about this point so that the measurement
can be made for various directions of view for both eyes. This will
requ i re a foc imeter mod ified in length so as to provide inc reased work—
ing distance. This implies no optical modi fication beyond an
increased mechanical separat i on of the telescope from the target
assembly and some way of providing space to accommodate the mask as
impllsd by Figure 1 , which shows how the measurement can be made.
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Fi gure 2 shows why the mask will Inherently affect space
percept ion in a different way than encountered with glasses. An

Sunglasses: Each Eye Mask: Each Eye
Looks through Similar Looks through
Lens Sections at Differen t Lens

n9I~~~~~

/ 

D reflt An9le~~~~~~~~~~~~~~~

/

/

FIGURE 2 Illustration to Show Fundamental Difference between Binocular Vision
through Mask and through Sunglasses

individual sung lass lens , for example , w ill cause a deviat ion of the
line of si ght , even with no prescription . This , aga in, is reiated to
the thickness and curvature of the lens , as with the mas k. For the
glasses , however , each eye is s im i l a r l y affected and the d ifference
between the ray deviations will be relatively small . It is the
difference that matters . In the case of the mask the situation is
further worsened by the fact that this difference fluctuates as the

• weare r scans the field of view .
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