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SUMMARY 

USAARL was tasked to provide medical guidance and assessment 
relative to visual and optical aspects in the development of the XM-29 
protective mask. In ful f i l lment of this responsibility, complete 
optical and visual tests have been completed on the new mask prior to 
i ts validation. To provide baseline and comparison information, identi- 
cal optical testing was also performed on the M-24 aviator's protective 
mask, and visual performance testing was completed with the XM-29 mask, 
the M-24 mask, and unobstructed vision. Of the 13 optical and visual 
tests used, performance of the XM-29 mask was infer ior to the M-24 mask 
on 8 of them; equivalent performance was obtained with the two masks on 
4 tests, while the XM-29 mask was better on l test. Several of the 
optical properties are unacceptable in the present design configuration 
of the XM-29 mask. Recommendations are made which should be considered 
prior to validation of a new protective mask. 
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INTRODUCTION 

At the request of Chemical Systems Laboratory, the Aeromedical 
Research Laboratory was tasked by the U.S. Army Medical Research and 
Development Command to provide medical guidance relative to visual and 
optical aspects in the development of a new protective mask (XM-29). Six 
general areas requiring investigation were addressed in the original 
tasking letter. These areas were: 

I. Optical Inserts 

2. Mask Compatible Spectacles 

3. Vision Test 

4. Optical Tests 

5. Foreign Technology 

6. Domestic Technology 

A report on optical inserts and mask compatible spectacles is in pre- 
paration. Information on domestic technology has been published by the 
Committee on Vision, National Research Council, I and foreign technology 
data are contained in Trip Reports prepared by and available from LTC 
Roy H. Rengstorff, Chemical Systems Laboratory, Aberdeen Proving Ground, 
MD. The present report presents data on visual and optical tests with 
the XM-29 protective mask, the M-24 protective mask, and unobscured 
vision. 

The development of the XM-29 protective mask is in response to the 
published Required Operational Capability (ROC) for Protective Mask, ACN 
I1954. In concept, the XM-29 is designed as a universal mask which 
would, with appropriate components, replace the Ml7 and Ml7Al Masks, the 
M9AI Special Purpose Mask, and the M24 and M25Al Masks. 

The design of the mask consists of a unimolded construction fabri- 
cated from silicone which allows a transparent mask with minimal physi- 
cal obstructions to vision. In theory, this would afford a much larger 
f ield of vision than in present masks which is of obvious advantage. 
However, quantity of vision must not be confused with quality of vision. 
Large curved optical surfaces, such as presented with the development 
mask, with negligible optical powers and aberrations are d i f f i cu l t  to 
achieve. The optical design problems of the XM-29 are increased because 
of the distance between the eye and the mask surfaces and the thickness 
of the material. 
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Protect ive  Me~b 

FIGURE I .  Frontview of  XM-29 Pro tec t i ve  Mask 
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FIGURE 2. R igh t  S idev iew o f  XM-29 P r o t e c t i v e  Mask 
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M24 PROTECIVE MASK 

FIGURE 4. FRONTVIEW OF PROTECTIVE MASK M-24 
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The tests and analyses here reported were undertaken to determine 
i f  the development mask had achieved an optimum opt ical  design so that 
the new mask did not produce an unwarranted degradation in visual 
performance. 

METHODS AND RESULTS 

Since the visual requirements for  aviators are considered most 
demanding, a l l  opt ical  tests performed on the XM-29 protect ive mask 
(Figures I ,  2, 3) were also completed, for  comparison, on the M-24 mask 
(Figures 4, 5) which is the standard issue mask for  aviators at th is  
time. In addi t ion,  a l l  psychophysical visual test ing included three 
viewing condit ions: wearing the XM-29 mask, wearing the M-24 mask, and 
unobstructed viewing. The same three male observers par t ic ipated in a l l  
of the psychophysical tests,  and only one mask size, medium, was evalu- 
ated since i t  was the only size avai lable.  I t  is most probable that 
d i f f e ren t  mask sizes would s i g n i f i c a n t l y  a l t e r  the results here reported. 

A. Optical Analyses 

I .  Prismatic Power 

a. Apparatus. Measures of pr ismatic power are made by al igning a 
telescope re t i c l e  upon the center of a target containing a series of 
concentric c i rc les  of speci f ied angular deviat ion and determining the 
extent that  the re t i c l e  alignment has been shi f ted when the test  trans- 
parent sample is placed in f ront  of the telescope object ive. For th is  
tes t ,  an 8X Zeiss telescope with a cross hair  r e t i c l e  was used. I ts  
object ive aperture was reduced to 5 mm in order to maximize the depth of 
f i e l d .  This was necessary due to the very high spherical and c y l i n d r i -  
cal power of the XM-29 mask lens. The concentric r ing target ,  made at 
USAARL, was marked in units of 1/16 prism diopter to a maximum of 1 
prism diopter.  

b. Method. The detai led method for  evaluating pr ismatic deviat ion 
followed the procedure speci f ied in N.B.S. Special Publ icat ion 374, 
"Method for  Determining the Resolving Power of Photographic Lenses." In 
addi t ion to determining the magnitude of the deviat ion,  d i rec t ion was 
also noted (deviat ion to the l e f t  for  the l e f t  eye was designated "out" 
while deviat ion to the r igh t  for  the r igh t  eye was designated "out")  and 
i f  the displacement was o f f  the horizontal  axis,  the angular extent 
above (+) or below (-)  th is axis was estimated. Following standard 
convention, the results are displayed in terms of the base of the prism 
which is exact ly opposite to the d i rect ion of deviat ion of the target.  

The XM-29 and M-24 masks were supported on a wire frame of average 
adul t  male size and placed in f ront  of the telescope to simulate four 



angles of regard: looking s t ra igh t  ahead, looking about 30 ° l e f t  and 
r i gh t  in the hor izonta l  plane, and looking about 45 ° below s t ra i gh t  
ahead. An i n t e r p u p i l l a r y  distance of 65mm was assumed. 

c. Results. The measured pr ismat ic  dev ia t ion is presented in 
Table 1 below. Federal Spec i f i ca t ion  GGG-G-5OIb fo r  goggle lenses and 
Commercial Standard CS159-49 fo r  sunglass lenses set 1/16 prism d iopter  
as the maximum acceptable pr ismat ic  power. For the XM-29, the average 
power exceeded th is  standard by a fac to r  of 8.38, whi le fo r  the M-24, 
the average power exceeded i t  by a fac to r  of  5°94° In add i t i on ,  MIL-L- 
00500064E (MU) spec i f ies  that  the pr ismat ic  power in the lenses fo r  the 
M-17 pro tec t i ve  mask shal l  not exceed 0.38 prism d iopter  in the ho r i -  
zontal or 0.13 prism d iop ter  in the v e r t i c a l .  Obviously, the XM-29 and 
M-24 values exceed th is  spec i f i ca t i on .  

TABLE I ,  PRISMATIC POWER 
(PRISM DIOPTERS WITH BASE INDICATED) 

XM-29 M-24 
ANGLE OF REGARD 

LEFT EYE RIGHT EYE LEFT EYE RIGHT EYE 

PRIMARY .44 IN .63 IN - 7½ ° .50 IN .38 IN - 5 ° 

30 ° LEFT .63 IN .38 IN + 7½ ° 31 IN - 12 ° .38 IN 

30 ° RIGHT .38 IN + I0 ° .56 IN - I0 ° .31 IN .25 IN - 5 ° 

45 ° DOWN .44 IN .75 IN =44 IN 3 ° .44 IN 

2. Spherical and Cy l i nd r i ca l  Refract ive Power 

a. Apparatus. Refract ive power was measured with an American 
Optical Company Focimeter which is ca l ib ra ted  in uni ts  of 0.01 d iop ter  
and has a maximum range of + 0.30 d iop ter .  

b. Method. The spherical  and c y l i n d r i c a l  r e f r a c t i v e  power of the 
lenses of the M-24 and XM-29 were measured at nine loc i  (See Table I ,  
below.).  In making these determinat iohs the mask lens area being 
measured was always perpendicular to the op t ica l  axis of the Focimeter 
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and was firmly held by the ring support against the nosepiece. This 
method yields a conservative estimate or underestimate of the lens 
power, especially cylindrical which is higher when the lens is allowed 
to flex to its natural shape and moved to the normal wearing distance. 

c. Results. The obtained values of lens power at each of the nine 
positions for both masks are given in Table 2. The average spherical 
power of the XM-29, at - . l l 6  D, is just below the maximum allowable 
refractive power (+ I/8 D) specified in MIL-L-OO50064E (MU); the cylin- 
drical power of .127 D just exceeds i t .  The average spherical and 
cylindrical power of the M-24 lens fal ls within this standard. 

TABLE 2, SPHERICAL AND CYLINDRICAL REFRACTIVE 
POWER (DIOPTERS) 

Location 

Left Center 
Right Center 
Left Upper 
Right Upper 
Left Lower 
Right Lower 
Center 
Extreme Left 
Extreme Right 

Average of 9 Loci 

XM-29 
(Sphere + Cylinder) 

- 135 + .085 
- l l O  + . l O 0  

- 125 + . 1 6 0  

- 160 + .205 
- 135 + . I 0 5  

-095 + .150 
- lO0 + .125 
-.085 + .080 
-.095 + .135 

- . l l 6  + .127 

M-24 
(Sphere + Cylinder) 

-.120 + .lO0 
-.060 + .080 
-.070 + .090 
-.080 + .040 
-. l lO + .135 
-.020 + .040 
-.170 + .170 
-.070 + .070 
-.060 + .090 

-.084 + .091 

3. HAZE 

a. Apparatus. Measurements were made with a Gardner Hazemeter, 
Model UXIO, and Gardner Automatic Photometric Unit, Model Colorgard. 
The unit was calibrated using Gardner Model HG-1213 Haze Standards, 
which are traceable to the National Bureau of Standards. 

b. Method. The procedure followed that of ASTM DI003-61 (1970), 
"Test for a--F{aT6 and Luminous Transmittance of Transparent Plastics," and 
FTMS 406, Method 3022, "Luminous Transmittance and Haze of Transparent 
Plastics." Test samples consisted of four sections, each approximately 
two by three inches cut from a single XM-29 protective mask. Four 
locations were measured on each sample, providing a total of 16 haze 



determinat ions.  Care was taken to avoid areas that  had observable 
scratches, abrasions, or other flaws that  may have i n f l a t ed  the haze 
measurements. Pr io r  to measurement each sample was washed with warm 
water and a mild detergent,  swabbing with moistened lens t issue.  Drying 
was accomplished by gent ly  b l o t t i ng  with dry i~n~ ' ;ssue, 

c, Results. The observed haze values are presented in Table 3 
below. I t  may be seen that  haze varied considerab!v over the surface of 
the mask lens. Only a s ingle locat ion had a haze v~lue below 4. The 
overa l l  mean percentage haze was 5.59. 

TABLE 3, PERCENT HAZE 

Sample 
Location I I I  I I I  IV 

A 4.36 5.08 5.03 ~.12 
B 6. 38 4.81 5.92 5.96 
C 3.80 4.19 4.75 L-Lo 15 
D 5.11 4.34 6.02 ~ 3q 

Since the test  fo r  haze is a dest ruc t ive  test~ d i r e c t l y  correspond- 
ing measurements could not be made with the M-24 pru tec t ive  mask. In 
order to obtain an estimate of the M-24 haze, the laboratory was dark- 
ened and the en t i re  mask was held in an appropr iate pos i t ion  against the 
i n teg ra t i ng  sphere entrance port  of the hazemeter with the door open. 
Measurements made at two locat ions were 1.2 and 1.5. These values 
accord wi th the much greater  v i s i b l e  c l a r i t y  of the M-24 lens compared 
wi th that  of the XM-29. The values obtained f~r  the XM-29 exceed that  
which is al lowable in MIL-L-OO50064E(MU), dated a, ]973, fo r  the M-17 
mask, namely a maximum of 4% haze. 

4. Spectral Transmission, Chromat ic i ty ,  and Average Light Trans- 
mission. 

a. Apparatus. The spectral  transmission and chromat ic i ty  of  the 
tes t  samples were obtained by the rapid scan spectremetr ic method. The 
various components of the measuring instruments are as fo l l ow:  The 
l i g h t  source was a Macbeth day l igh t  lamp with a 75-watt Westinghouse 
tungsten f i lament  l i g h t  bulb. The data acqu is i t i on  un i t  was the Tektronix 
Rapid Scan Spectrometer (RSS) and D ig i t a l  Processing Oscil loscope (DPO) 
with PDP 11/05 minicomputer and i t s  accessories. The DPO has a signal 
acqu is i t i on  c a p a b i l i t y ,  a d isp lay and a d i g i t a l  processor. The processor, 
which has the a b i l i t y  to d i g i t i z e  an acquired waveform, provides an 
in te r face  with a minicomputer. The spectrometer uses a Czerny-Turner 
gra t ing  monochromator wi thout  an ex i t  s l i t  and is capable of scanning 

I0 



the spectrum from 300 nm (u l t rav io le t )  to II00 nm (near infrared).  The 
spectral eutput of the monochromator is focused onto the target of a 
vidicon tube where the spectrum is stored as an e lec t r ica l  charge image. 
An electron beam per iodical ly  scans across the vidicon target converting 
the charge image into an electronic signal that is ,  in turn, processed 
by the DPO. The ent ire optical computation can be achieved b~ the 
software programming. The average l igh t  transmission was measured by 
software averaging of the RSS and ver i f ied by a Macbeth T.D. 504 Trans- 
mission Densitometer. 

b. Method. The execution steps for the spectral transmission 
measurement were as fol low: ( I )  Obtain energy power spectrum without 
sample through RSS and store in DPO memory location B; (2) Obtain energy 
power spectrum transmitted through the sample and store in location C; 
(3) Obtain energy power spectrum of ambient (background) l i gh t  and store 
in D; (4) Subtract D from B and C, divide C by B and store in location 
A. The computer program which was presented in a previous report 2 was 
used to execute the above steps automatically. Some of the end data 
points of the short wavelength portion of the spectrum were truncated 
for the computations of average l igh t  transmittance because of pro- 
cessing errors result ing from the weak output of the l i gh t  source in 
th is portion of the spectrum. 

c. Results. The spectral transmission from 400 nm to 800 nm for 
the XM-29 and the M-24 masks are shown in Figures 6 and 8 respectively. 
Their corresponding ClE chromaticity coordinates and diagrams are shown 
in Figures 7 and 9. Spectral transmittance of an outsert furnished to 
us by the Mask Development Office is shown in Figure I0. Figure I I  is 
the spectral transmittance of XM-29 plus an outsert. The outsert is 
reportedly designed to be used in conjunction with the mask in cold 
weather environments. 

Average transmittances are the mean values of spectral transmit- 
tances from the rapid scan spectrometric method and from the Macbeth 
transmission densitometer. Average transmittance measurements are shown 
in Table 4. 

TABLE 4. AVERAGE TRANSMITTANCE 

M-24 89% 
XM-29 83% 
Outsert 84% 
XM-29 + Outsert 70% 

MIL-L-OO50064E (MU) specifies that l i gh t  transmission for the M-17 
lenses must equal or exceed 89%. While the M-24 is acceptable, the XM- 
29 transmittance does not meet this speci f icat ion.  Average transmit- 
tance is meaningful only i f  the curve across the spectral range is 
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re la t i ve l y  f l a t .  In order to measure the degree of f latness or neu t ra l i t y ,  
the Judd Daylight Duplication Method was performed. 

Tables 5 through 8 show the neut ra l i ty  computed by the Judd Daylight 
Duplication Method and the spectral transmittance deviations (ref.  MIL- 
V-43511A, "Visors, F lyer 's ,  Helmet, Polycarbonate," section 4.3.7 pp 
I I ) .  The average deviation for XM-29 is 3.50%. This indicates that the 
spectral d is t r ibu t ion  is re la t i ve ly  f l a t  across the spectrum. The 
average deviation for the outsert alone is 3.30%. Again, this implies 
re la t ive  f latness of the sample. However, the average deviation of the 
combination of the XM-29 and the outsert is 6.98%. The average devia- 
t ion for the M-24 protect ive mask is 1.62% which is lower than those of 
the XM-29 alone and XM-29 + outsert system. 

I t  should be emphasized that a l l  of these measurements were com- 
pleted on new masks. I t  is expected that age and environmental exposure 
w i l l  degrade the optical c l a r i t y  of the XM-29 material= This would, in 
e f fec t ,  fur ther  reduce the average transmittance and spectral character is--  
t i cs  of the mask. Of course, th is is true for a l l  optical transparencies 
to a degree. The c r i t i c a l  comparison is between age effects on the new 
coated s i l icone material and more standard optical materials. I t  is not 
known whether th is type of comparison has ~een completed in a systematic 
and sc i en t i f i c  invest igat ion. 
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TABLE 5. NEUTRALITY BY THE JUDD DAYLIGHT DUPLICATION METHOD 
AND THE SPECTRAL TRANSMITTANCE DEVIATION FOR XM-29 

Wave- Average Percent 
length B a n d  Transmittance Deviat ion 

(Mu) T n Tn I00 ( l -Tn/Tc)  Weight Product 
430 
440 
450 
460 
470 
480 
490 
5OO 
510 
520 
530 
540 
55O 
560 
570 
580 
59O 
6O0 
610 
620 
630 
640 
65O 
660 
670 
680 
690 
7OO 
710 
720 
73O 

.7032 
7225 
7272 
7363 1 
7475 
7572 
7645 2 
7672 
7742 
7766 3 
7850 
7925 
7977 4 
8024 
8081 
8140 5 
8218 
8285 
8296 6 
8305 
8427 
8418 7 
8385 
8413 
8427 8 
8538 
8469 
8412 9 
8442 
8521 
8467 

7375 7.44 5 37.2 

7612 4.46 I0 44.6 

7795 2.17 I0 21.7 

7968 0 I0 0 

8147 2.25 I0 22.5 

8302 4.19 I0 41.9 

8385 4.48 I0 44.8 

.8457 6.13 5 30.65 

.8472 6.32 1 6.32 

TOTALS 71 249.67 

Average dev ia t ion = 3.5 

This specimen meets m i l i t a r y  standards (Ref: MIL-V-43511A) 
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TABLE 6. NEUTRALITY BY THE JUDD DAYLIGHT DUPLICATION METHOD 
AND THE SPECTRAL TRANSMITTANCE DEVIATION OF AN OUTSERT 

Wave- 
length 

(Mu) 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 

Average Percent 
B a n d  Transmittance Deviat ion 

T n Tn I00 ( l -Tn/Tc)  Weight Product 
5954 
6493 
6898 
7175 1 
7414 
7596 
7742 2 
7872 
8000 
8048 3 
8123 
8220 
8236 4 
8282 
8327 
8352 5 
8354 
8352 
8382 6 
8380 
8495 
8411 7 
8532 
8513 
8492 8 
8546 
8498 
8562 9 
8537 
8580 
8589 

7071 14.10 5 70.5 

7706 6.38 I0 63.8 

8042 2.31 I0 23.1 

8232 0 I0 0 

8333 1.22 I0 12.2 

8391 1,93 I0 19.3 

8461 2.78 I0 27.8 

8496 3,20 5 16.0 

8544 3.79 1 3.79 

TOTALS 71 236.49 

Average dev ia t ion = 3.3 

This specimen meets m i l i t a r y  standards. (Ref: MIL-V-43511A) 
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TABLE 7. NEUTRALITY BY THE JUDD DAYLIGHT DUPLICATION METHOD 
AND THE SPECTRAL TRANSMITTANCE DEVIATION OF XM-29 PLUS OUTSERT 

Wave- 
length 
(Mu) 

430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 

Average Percent 
B a n d  Transmittance Deviation 

T n Tn I00 ( l -Tn/Tc) Weight 
.4061 
4587 
4933 
5226 1 .5158 22.1 5 
5505 
5718 
5895 2 .5858 11,5 I0 
6066 
6176 
6352 3 .6310 4.71 I0 
6453 
6545 
6635 4 .6622 0 I0 
6755 
6753 
6829 5 .6850 3.44 I0 
6914 
7014 
7015 6 .7015 5.93 I0 
7074 
7097 
7124 7 .7129 7.65 I0 
7155 

.7210 
7213 8 .7192 8.61 5 
7237 
7228 
7275 9 .7287 I0.0 1 
7318 
7356 TOTALS 71 

.7400 

Product 

110.5 

115.0 

47.1 

0 

34.4 

59.3 

76.5 

43.05 

I0,0 

495.85 

Average deviation = 6.98 

This specimen meets m i l i t a ry  standards. (Ref: MIL-V-43511A) 
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TABLE 8. NEUTRALITY BY THE JUDD DAYLIGHT DUPLICATION METHOD 
AND THE SPECTRAL TRANSMITTANCE DEVIATION OF M 2~ MASK 

Wave- 
length 
(Mu) 

43O 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 

Average Percent 
Band Transmittance Deviat ion 

T n Tn I00 ( l -Tn /Tc )  Weight 
• 7656 
.7926 
• 8106 
8223 1 
8246 
8320 
8441 2 
8398 
8504 
8485 3 
8508 

.8461 

.8438 4 

.8421 

.8395 

.8382 5 

.8390 

.8398 

.8411 6 

.8469 

.8575 

.8704 7 

.8771 

.9023 

.9068 8 

.9164 

.9286 

.9375 9 

.9336 

.9378 

.9407 

Product 

8145 3.52 5 17.6 

8378 .769 i0 7.69 

8466 .272 I0 2.72 

8443 0 lO 0 

8402 •485 !0 4.85 

8465 .260 I0 2.60 

8713 3.19 lO 31.9 

9078 7.52 ~ 37.6 

9296 I0. I 1 I0. I 

Totals 7! 115•06 

Average dev ia t ion  = 1.62 

This specimen meets m i l i t a r y  standards• (Ref: MIL-V 43511A) 
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5. Image F ide l i t y  

a. Apparatus. Image f i d e l i t y  was evaluated with the Ann Arbor 
opt ical  tester .  The New London - Ann Arbor opt ical  tester  with 60-1ine 
grat ing is manufactured by Ann Arbor Optical Company. The main com- 
ponents of the opt ical  tester  consist of a l ine grat ing,  a miniature 
l i gh t  source with variable voltage transformer, a lens and a plane 
mir ror .  The detai led opt ical  schematic is shown in MIL-V-43511V. 
Camera equipment was used for  photographic documentation. 

b. Method. The test  followed the steps out l ined in MIL-V-43511A 
(M i l i t a r y  Speci f icat ion for  Visors, Flyers, Helmet, Polycarbonate). 
B r i e f l y ,  the procedure specif ies that the opt ical  d i s to r t i on  of the 
c r i t i c a l  area of the sample shall be determined by inser t ing the sample 
with i t s  surface normal to the l ine of s ight in to the test ing apparatus. 
The results shall be subject ive ly  compared with the d is to r t i on  standards 
shown in Figure 1 of MIL-V-43511A (p 17). 

c. Results. Photographic documentation of Ann Arbor Tester 
resul ts are shown in Figures 12 through 18. Figure 12 shows the tester  
pattern grat ing without any sample interposed in the opt ical  path. 
Notice that there is no d is to r t i on  in th is  f igure.  Al l  of the ver t ica l  
l ines are essent ia l ly  para l le l  to each other and of good qua l i t y .  
Figures 13, 14 and 15 are grat ing patterns with the XM-29 samples inserted 
into the apparatus with three d i f f e ren t  o r ien ta t ions ,  i .e .  r igh t  eye 
view, center and l e f t  eye view. Figures 16, 17 and 18 are fo r  M-24 with 
the same three or ienta t ions,  respect ively.  By the m i l i t a r y  spec i f ica t ion 
(MIL-V-43511A, p 17) only Figures 17 and 18 pass the acceptance stan- 
dards. Figures 13, 14, and 15 of the XM-29 resemble the unacceptable 
standard #9 published in the referenced spec i f ica t ion and ind icat ing the 
most severe degree of d i s to r t i on .  A port ion of Figure 17 has a small 
degree of d i s to r t i on  shown as in unacceptable standard #7. 

6. Dis tor t ion Test By ASTM Metric Grid Board Tester 

a. Apparatus. The American Society for  Testing Materials (ASTM) 
1.8 cm gr id board and photographic camera were employed to reveal any 
opt ical  d i s to r t i on  which might be present in the two mask samples. 

b. Method. The metric gr id board was 90 cm from the camera and 
the protect ive mask was placed in f ront  of the camera along the l ine  of 
the presumed visual axis. The mask was oriented 45 ° to the l e f t  and to 
the r igh t  of the l ine of s ight.  The combination of the f i e l d  of view 
from these two angles essent ia l ly  covered most portions of the useful 
f i e l d  of vision of the mask. 
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FIGURE 12. ANN ARBOR DISTORTION TESTER WITHOUT MASK 



L~ 

FIGURE 13. Ann Arbor D i s t o r t i on  Test With XM-29 Mask Oriented at 45 ° Right Angle 
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FIGURE 14. ANN ARBOR DISTORTION TESTER WITH XM-29 MASK ORIENTED AT CENTER 



FIGURE 15, Ann Arbor D i s to r t i on  Test with XM~29 Mask Oriented at 45 ° Lef t  Angle 
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FIGURE 16. ANN ARBOR DISTORTION TESTER WITH M-24 MASK ORIENTED AT 45 ° RIGHT ANGLE 



FIGURE 17. ANN ARBOR DISTORTION TESTER WITH M-24 ~SK ORIENTED AT CENTER 



O 

i,ii=, 

p~ ,, 

. ,  1 ~ , j  ¸ 

FIGURE 18. ANN ARBOR DISTORTION TESTER WITH M-24 MASK ORIENTED AT 45 ° LEFT ANGLE 



FIGURE ]9. XM-29 Mask D is to r t i on  Test Against 1.8 cm Grid Board at Distance 90 cm With Mask Oriented 45 ° to the Le f t  



FIGURE 20. XM-29 Mask Distortion Test Against 1.8 cm Grid Board at Distance 90 ° cm With Mask Oriented 45 ° to the RiQht 
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c. Results. Figures 19 through 22 show the results from the ASTM 
metric gr id board tester .  Unfortunately,  an acceptable quant i ta t ive  
method of analysis is s t i l l  unavailable with th is technique at the 
present time. The only c r i t e r i on  for  the standard is qua l i t a t i ve  
subject ive inspection and comparison performed by an experienced observer. 
The d is to r t i on  test resul t  of the XM-29 sample shown in Figure 19 
indicates very severe opt ical  d i s to r t i on  around the nose-cup region. A 
s im i la r  degree of impairment occurs in Figure 20 for  the 45 ° r igh t  hand 
side or ienta t ion of the XM-29 protect ive mask. In contrast the M-24 
sample revealed very l i t t l e  d i s to r t i on  as shown by the photographic 
documentation in Figures 21 and 22. Only a s l i gh t  l inear  displacement 
occurs at the peripheral port ion of the sample. 

B. Visual Analyses 

I .  Visual Field 

a. Apparatus. Visual f i e l d  test ing was performed with an Aimark 
Project ion Perimeter, manufactured by U.K. Optical Bausch and Lomb Ltd. 
The projected target stimulus consisted of a 3 mm white l i g h t  moved 
along the arc of the perimeter which was centered at a distance of 33 cm 
from the eye being tested. The luminance of the target stimulus was 12 
footlamberts and the luminance of the arc was approximately 5 foot lamberts. 

b. Method. Standard c l i n i ca l  procedures were used to obtain the 
visual fie-l-d measurements. As with a l l  of the psychophysical tes t ing ,  
three subjects were used, each making the observations under the three 
viewing condit ions: no mask, wearing XM-29 mask, wearing M-24 mask. 
Since monocular f ie lds  were desired, the tested eye was care fu l l y  
centered in the apparatus and the fe l low eye was occluded. The observer 
was instructed to tap when he detected the white target moving in from 
the periphery whi le care fu l l y  maintaining f i xa t i on  on a central f i xa t i on  
point .  The target was slowly moved in from the extreme periphery at a 
constant ve loc i ty  un t i l  i t  was reported as being seen. Eight visual 
f i e l d  meridians were tested in th is manner, and each meridian was re test -  
ed to insure accuracy. The subject was then re-posi t ioned and the com- 
panion eye was tested. Each subject par t ic ipated in three sessions on 
separate days to al low measurements with a l l  viewing condit ions. 

c. Results. Figure 23 displays the average resul ts from the 
observers for  the three viewing condit ions. As shown in th is  f igure ,  
the two monocular visual f i e lds  were combined to present the to ta l  
visual f i e l d  for  each viewing condit ion. The visual f i e l d  allowed with 
the XM-29 mask is much larger than that measured while wearing the M-24 
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mask. Geometric analysis indicates that the XM-29 only reduces the 
visual f i e l d  by 17% from unobstructed viewing. However, the M-24 causes 
a 42% reduction in the f i e l d  from the unobstructed f i e l d .  

2. Dynamic Visual Acuity 

a. Apparatus. The resolut ion targets consisted of Landolt r ings 
of standard proport ion. A series of sizes prepared as high contrast 
(95%-98%) 35 mm sl ides were avai lable.  These were projected using a 
Kodak Model No. RA-950 random access projector  with a 5" focal length 
lens whose aperture was reduced to 3 mm for improved de f i n i t i on  and 
depth of focus. A dove prism in the beam permitted the locat ion of the 
gap in the Landolt r ing to be varied. Chromatic f r inges produced by the 
prism were el iminated by i so la t ing  the green port ion of the spectrum with 
a Wratten #61 f i l t e r .  Movement of the targets was accomplished by a 
General Scanning Model G-330PDT Optical Scanner and Model CCX-IO2-3T 
Scanner Driver. The input signal was a l inear  ramp voltage generated by 
a USAARL-built programmed funct ion generator. The Landolt r ing sl ides 
were u l t imate ly  projected upon a Polacoat rear pro ject ion screen of 16" 
hor izontal  width. From the observer's pos i t ion,  36" from the screen, 
the target c r i t i c a l  deta i ls  ranged in angular subtense from 11'15" to 
I '18" .  Target ve loc i ty  throughout was 53.5°/s. Target luminance 
averaged 20.8 footlamberts. 

b. Method. Each of the three observers par t ic ipated in three 
sessions. In each session, they received eight "warm up" t r i a l s  f o l -  
lowed by 28 t r i a l s  in each condit ion: no mask, XM-29, M-24. The order 
of the three condit ions was varied from session to session and from 
observer to observer so that order ef fects were completely counter- 
balanced. Using the psychophysical method of constant s t imu l i ,  each 28 
t r i a l  block contained four presentations of seven target sizes. On ha l f  
of the presentations, target movement was from l e f t  to r i gh t ,  on ha l f ,  
the reverse. Both target size and d i rec t ion for  each t r i a l  was deter- 
mined fol lowing a constrained random ordering. The gap in the Landolt 
r ing could appear in any of four posi t ions:  upper l e f t ,  upper r i g h t ,  
lower l e f t ,  and lower r igh t .  The observers indicated the i r  response by 
pressing the appropriate one of four avai lable switches. I f  the in te-  
r i o r  of the mask began to fog, test ing was suspended. The resul ts for  
the three sessions were pooled y ie ld ing  a single psychometric funct ion 
for  each mask condit ion. From the psychometric funct ions,  the angular 
sizes of the Landolt r ing gaps which were detected cor rect ly  90% and 95% 
of the time, were determined by l inear  in te rpo la t ion .  

c. Results. The average angular sizes of the gap which were 
detected at the 90% and 95% c r i t e r i a  for  the three mask condit ions are 
depicted graphical ly  in Figure 24. I t  may be seen that performance was 
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poorest with the XM-29, somewhat better with the M-24, and best with no 
mask. The differences in thresholds among mask conditions were s ta t i s -  
t i c a l l y  s ign i f icant  (F=7.27, df=2/4, p<.05) when evaluated by a Treat- 
ments x Treatments x Ss ANOVA. 

3. Stereo-Acuity 

a. Apparatus. Stereo-acuity is a measure of an observer's a b i l i t y  
to determine re la t ive depth differences basedupon ret inal  image d ispar i ty  
information from the two eyes. For these tests a modified Howard-Dolman 
apparatus was used. Thresholds are determined by an observer's a b i l i t y  
to align two ver t ica l  rods, one movable and one f ixed, into a fronto- 
paral le l  plane at some fixed viewing distance (6 meters in the present 
invest igat ion).  Modifications to the basic instrument consisted of 
dr iv ing the variable ver t ical  rod by a motor which was control led by a 
radiofrequency receiver. The observers held a transmit ter and moved a 
toggle switch in a fore and aft  d irect ion to e l i c i t  rod movement and 
ef fect  alignment with the f ixed comparison rod. When an observer ind i -  
cated alignment of the two rods, displacement readings ( i . e . ,  deviations 
from exact alignment were taken to the nearest 0. I mm with a d ig i ta l  
voltmeter which read the voltage across a l inear 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 completely enclosed and 
i l luminated with electroluminescent panels l in ing the sides and top of 
the case. The luminance level of the instrument was 6.70 footlamberts. 

b. Method. Each of the three subjects viewed the test apparatus 
under three observation conditions (no mask, through the XM-29 mask, 
through the M-24 mask) and four angles of view (center, l e f t ,  r igh t ,  
down center). The par t icu lar  order of viewing condition x viewing angle 
was varied according to a random schedule within and between subjects so 
that the measurements were counterbalanced. Mult iple sessions, each 
last ing approximately 45 minutes, were necessary for a l l  subjects. The 
method of adjustment was the psychophysical procedure chosen for these 
measurements, and ten determinations were made for each viewing condi- 
t ion by al l  subjects. Several additional precautions were taken to 
guard against observer experimental bias errors. The veloci ty  of the 
variable rod was randomly changed to prevent a subject from using time 
as a factor in achieving equali ty. Also, when the observer had ind icat -  
ed equali ty of distance for the two rods, the l ights  in the apparatus 
were extinguished and the experimenter moved the variable rod to e i ther 
the front or back of the instrument on a pre-determined schedule pr io r  
to i n i t i a t i n g  the next t r i a l .  

c. Results. Hirsch and Weymouth 3 have previously discussed the 
theoret ical implications of measures of depth discrimination thresholds, 
and the i r  suggestion of using the standard deviation of the l inear  
displacement scores has been adopted by other investigators in subse- 
quent reports. Accordingly, our measure of threshold was the standard 
deviation of the displacement scores from the ten observations made by 
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each observer under the d i f f e r e n t  viewing condi t ions.  Table 9 shows the 
average thresholds obtained from the three observers wi th the three 
viewing condi t ions and four viewing angles at siz meters. 

TABLE 9, STEREO-ACUITY THRESHOLDS WITH HOWARD-DOLMAN APPARATUS 

ANGLE OF REGARD VIEWING LINEAR THRESHOLD ANGULAR THRESHOLD 
CONDITION (CENTIMETERS) (SECONDS ,OF ARC.) 

Center (Primary) 

Lef t  

Right 

Down Center 

No mask i o 
XM-29 
M-24 

No mask 2~0 7.4 
XM-29 2 5 9.4 
M-24 2 3 8.4 

No mask 1 7 
XM-29 1 9 

M-24 2 7 
No mask 2 0 7.3 
XM-29 3. ! 11.3 
M-24 3,5 13.0 

6.8 
2~4 8.8 
1.9 6.8 

6.4 
7.0 

I0. I 

As shown in th is  tab le ,  unobstructed viewing y ie lded lower thresholds 
fo r  a l l  viewing angles. However, the d i f ferences fo r  any of the thresholds 
at any viewing angle are not considered perceptua l ly  s i g n i f i c a n t  fo r  the 
performance of most m i l i t a r y  tasks. 

Angular d i s p a r i t y  thresholds corresponding to the l i nea r  d isp lace-  
ment thresholds are also shown in Table 9. These were determined using 
the fo l low ing  equation: 

a (Ad) 206,280 
n = d2 

where 

n = angular threshold in seconds of arc 
a = i n t e r p u p i l l a r y  distance 

&d = l i nea r  displacement of the var iab le  rod from the f ixed rod 
d = observat ion distance. 

Binocular  thresholds of 5 to 8 seconds of arc fo r  unobstructed viewing 
have been reported prev ious ly  in inves t iga t ions  : '~ in which equivalent  
tes t ing  procedures were used. 
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4. Visual Modulation Transfer Function 

a. Apparatus. The display unit  consisted of a Conrac Model QQA/17 
TV monitor. The sync and blanking signals were provided by a Visual 
Information Ins t i t u te  model 311 sync generator and the pattern informa- 
t ion was provided by a Tektronix model 502 function generator. The 
signal from the function generator was connected to a potentiometer 
control led by the subject and this signal plus the output of the sync 
generator went to a Visual Information Ins t i tu te  model 404 pedestal 
generator. The signal from the pedestal generator drove the monitor and 
the signal from the potentiometer was read by a Hewlett-Packard Model 
3469B AC voltmeter. The output from the voltmeter and the frequency 
information from the function generator went to a D ig i t i c  model 6150 
pr in ter .  The display on the monitor was scanned by a Photo Research 
Model 1980 Photometer mounted on a Velmex Unislide t ranslat ion bed and 
the brightness information was recorded graphical ly on a Hewlett-Packard 
model 7100BM recorder. A schematic of the system is shown in Figure 25. 

I Function 
Generator 

I Sync Source 

Subject's 
Station 

Potentiometer 
(Controlled by Ss.) 

I AC 
Voltmeter 

Pedestal 
Generator 

i 
I Pr inter  

I 

~ r ror  

I 
TV 
Monitor 

I Scanning 
Photometer 

i ,  . . .  

i Recorder 

FIGURE 25. SCHEMATIC OF VMTF APPARATUS 
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The observers were the same three males used in the other studies 
in th is  repor t .  

b. Method. The observers were seated in f ron t  of the monitor at a 
viewing distance of 9.25 feet .  I t  was explained to them that s inusoidal  
bars of varying widths would be appearing on the monitor and that  t h e i r  
task was to turn the potentiometer clockwise (ascending t r i a l s )  un t i l  
the bars could j us t  be seen or turn the potent iometer counter-clockwise 
(descending t r i a l s )  un t i l  the bars j us t  disappeared. Each subject  was 
given two ascending and two descending t r i a l s  per session at each of the 
fo l lowing spat ia l  frequencies: .5, I ,  3, 5, 7, I0,  15, 20, and 25 
cycles/degree visual angle. Each subject received two sessions wi th no 
mask, two sessions with the M-24 mask, and two sessions with the XM-29 
mask. Sessions were counterbalanced in the manner ABCCBA. 

The subjects '  set t ings (AC vol tmeter readings) were recorded a f t e r  
each t r i a l  and at the end of a session the scanning photometer was used 
to determine the peak and trough brightness corresponding to each 
se t t ing .  

c. Results. Figure 26 shows the contrast  s e n s i t i v i t y  as a func- 
t ion  of spat ia l  frequency fo r  each of the three viewing condi t ions.  The 
resu l ts  are averaged over the three subjects. Contrast s e n s i t i v i t y  is 
defined as B max - B min where B max = the peak br ightness of a cycle 

B max + B min 
and B min = the trough brightness of a cycle. I t  can be seen that  at 
a l l  frequencies except the lowest the no mask condi t ion is super ior  to 
e i t he r  of the mask condi t ions.  I t  can also be seen that  at a l l  f requen- 
cies above 5 cycles/degree the M-24 mask is super ior  to the XM-29 mask. 
This is in l i ne  with resu l ts  of another test  which showed that  the XM-29 
mask scatters more l i g h t  than does the M-24. This scat ter ing e f fec t  
would be expected to a f fec t  the high frequencies more so than lower 
frequencies. 

5. Dark Adaptation 

a. Apparatus. A Goldmann/Weekers Adaptometer, manufactured by 
Haag-Strei t  Company, was used fo r  the measurement of dark adaptat ion.  
This instrument consists of an in teg ra t ing  sphere used fo r  pre-adaptat ion,  
a f i x a t i o n  l i g h t  to control  the locat ion of the re t i na l  area tested,  a 
stimulus l i g h t  of var iab le  i n t e n s i t y ,  and an automated recording device. 
The test  stimulus consisted of a white c i r c u l a r  l i g h t  subtending I0 ° and 
i t  was presented I I  ° below the f i x a t i o n  po in t .  

b. Method. Dark adaptation curves were obtained on each of the 
three observers wi th three d i f f e r e n t  viewing condi t ions:  no mask, 
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wearing XM-29 mask, wearing M-24 mask. The viewing condi t ions were 
counterbalanced between observers to reduce order e f fec ts .  Each ob- 
server pa r t i c ipa ted  in three sessions, each las t ing  approximately 45 
minutes. 

A f te r  the observer was f am i l i a r i zed  with the instrument and the 
observations required of him, the l i gh ts  in the experimental room were 
ext inguished and he was posi t ioned in to  the apparatus. He was then 
exposed to a bleaching l i g h t  of 424 foot lamberts fo r  a period of 5 
minutes. The bleaching l i g h t  was then turned o f f ,  and the tes t ing  
procedure was i n i t i a t e d .  The i n t e n s i t y  of the test  st imulus,  o r i g i n a l l y  
below detect ion threshold,  was gradual ly  increased, and the observer, 
whi le  s tead i l y  viewing the f i x a t i o n  l i g h t ,  actuated the recording device 
as soon as he detected the tes t  st imulus. When th is  occurred, the 
experimenter immediately reduced the i n t e n s i t y  of the test  st imulus. 
Fol lowing a one minute i n t e r v a l ,  the i n t e n s i t y  ,,f the test  st imulus was 
again increased, and the procedure was repeated. This cycle was con- 
t inued for  40 minutes. 

c. Results. Since the measure of i n te res t  in these observations 
was the f i na l  v isual s e n s i t i v i t y  achieved with the various viewing 
cond i t ions ,  only the thresholds obtained in the las t  10 minutes of 
tes t ing  ( i . e , .  31 to 40 minutes fo l lowing the bleaching l i g h t )  are 
reported. The thresholds obtained during th is  time are considered 
reasonably stable and f i n a l ,  and the data points were averaged to 
present a representat ive threshold value. This was done with the 
resu l ts  obtained from each observer using each of the three viewing 
condi t ions.  The resu l ts  are shown in Table i0. The thresholds shown in 
th i s  table are the average s e n s i t i v i t y  levels determined from the three 

TABLE I0. DARK ADAPTATION THRESHOLDS 

Viewing Condit ion 

Unobstructed Viewing 
XM-29 
M-24 

Threshold 

4.85 x iU--' 
2 a7 X 10 -4 
'3 C O  . .  -; , q -  t~ 
0 .  L - ~  A i , J  

observers. As shown in Table I0,  v isual s e n s i t i v i t y  thresholds obtained 
whi le wearing the XM-29 and M-24 mask were equivalent .  However, both 
masks caused an approximate loss or degradation in visual sens i t i v i t~ l  of 
approximately 1 log un i t .  These measures of reduced s e n s i t i v i t y  are 
considered conservat ive because of the r e l a t i v e l y  gross st imulus target  
size ( I0 ° ) .  Smaller target  s izes,  with more d iscret~ re t i na l  areas 
tested,  would probably have evoked larger  d i f ference~ in masked versus 
unobstructed viewing thresholds. 
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6. Color Vision 

a. Apparatus. Standard c l i n i ca l  tests were used to evaluate color 
vision while wearing the XM-29 and M-24 masks. These were the Dvorine 
Pseudoisochromatic Plates, the Farnsworth Projection Lantern, and the 
Farnsworth D-15 test.  The Dvorine test and the D-15 test were performed 
while the color samples were i l luminated by a Macbeth Daylight Lamp. 

b. Method. Each of the three subjects completed al l  test ing 
during a single session. After i n i t i a l  test ing to insure that the 
subject had normal color vision, the tests were repeated while the 
subject wore the XM-29 and M-24 masks. To insure va l i d i t y ,  the methods 
of test administration prescribed by the manufacturers were precisely 
followed. 

c. Results. None of the three subjects tested demonstrated any 
deviation from normal color vision while wearing ei ther of the pro- 
tect ive masks. This indicates that the spectral transmission char- 
ac ter is t ics  of both masks are su f f i c i en t l y  acceptable to allow normal 
perception of colors while wearing the masks. 

DISCUSSION 

Deficiencies of present mask systems noted in the ROC for the 
development of the XM-29 mask included hindrance of normal vision and 
the use of optical instruments with masks use since unimpaired vision is 
a recognized requirement in a m i l i t a ry  environment. Therefore, one of 
the central goals in the developmental mask was supposedly to improve 
the visual capabi l i ty  while wearing a protect ive mask. The essential 
cha~acterisitcs of the XM-29 mask re lat ive to vision are stated in para- 
graph 5.d. of the ROC: 

"Vision: The mask shall permit unobstructed and undistorted forward 
vision. Peripheral vision shall be not less than that required 
by Army aviators, and w i l l  meet the guidelines on f i e ld  of vision 
for aircrewmen as developed by the U.S. Army Aeromedical Research 
Laboratory. The lenses shall be shatter and glare resistant.  The 
mask shall allow the wearing of correct ive spectacles or should 
provide a simple system of correct ive optical inserts compatible 
with m i l i t a ry  spectacle lens to be in use in the FY 83 time 
period, and shall allow the sat isfactory use of common standard 
optical devices such as binoculars, BC scopes, night vision devices, 
individual weapon sights, crew served weapons, and combat vehicle 
weapons systems, etc."  
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Since the essential character ist ics are qua l i ta t i ve ,  the quant i tat ive 
speci f icat ions relevant to visual and optical standards published for  
the M-17 and M-24 protective masks have been used in the analysis of the 
present results whenever possible. 

Table I I  presents a comparison of the visual and optical tests 
completed with the XM-29 and M-24 protective masks, i t  is obvious from 
this table that the XM-29 has fa i led to provide an improved visual 
capabi l i ty  from that provided with the M-24 mask. Of 13 tests performed, 
the new XM-29 mask is i n fe r i o r  to the standard M-24 mask on eight tests. 
I t  provides equivalent performance on four tests,  and the new mask is 
superior in allowing a larger visual f ie ld  when worn. The basis of 
comparison, the optics of the M-24 mask, should be b r i e f l y  considered. 
The lens in this mask consists of a semi-f lexible material constructed 
from polyvinyl chloride. Some surface blemishes were readily apparent 
upon casual inspection. The lenses in the M-!7 mask are fabricated from 
r ig id  CR-39 material which is widely used to provide ophthalmic lenses 
of excellent qual i ty .  Although i t  was not evaluated, i t  is suspected 
that optical and visual performance with the M-17 would be better than 
the M-24, and, therefore, even more superior to the new XM-29 protective 
mask. 

TABLE II 
COMPARISON OF VISUAL/OPTICAL CHARACTERiS~!CS 

OF XM-29 WITH M-24 MASK 

XM-29 is: 

Spherical & Cyl indr ical  Power 
Prismatic Power 
Lens Distor t ion 
Image F ide l i t y  
Spectral Transmission 
Average Light Transmission 
Haze 
Stereo-Acuity 
Color Vision 
Visual Field 
Dynamic Visual Acuity 
Visual Modulation Transfer Function 
Dark Adaptation 

!nfer i  or 
In fer io r  
In fe r io r  
In fe r io r  
Same 
In fer io r  
In fer i ; ] r  
Same 
Same 
Superior 
In fe r io r  
In fe r io r  
Same 

Some of the tests here reported were in ter - re la ted and there was a 
presumed cause and effect which contributed to the results. For example, 
the image f i d e l i t y  test measured with the Ann Arbor Tester revealed that 
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the opt ical qual i ty  of the XM-29 mask was very poor. Also, the measured 
haze of the material was excessive. Both of these results could be 
caused by surface defects of the coating, surface defects of the base 
s i l icone mater ial ,  or defects embedded in the s i l icone matrix. Any 
par t icu lar  one of these three possible causes cannot be isolated with 
the present invest igat ion,  but i t  is quite possible that a l l  contr ibute 
to some degree. 

Regardless of the cause, the visual impact of both poor image 
f i d e l i t y  and excessive haze is in the reduced de f in i t ion  of the trans- 
mitted image. Visual acuity through the mask w i l l  be reduced, par t i -  
cu lar ly  targets which are i n i t i a l l y  of low contrast. An indicat ion of 
th is  is shown in Figure 26 which displays a visual modulation t ransfer  
funct ion. This f igure shows that the contrast must be increased ( i .e .  
decreased contrast sens i t i v i t y )  in order to resolve targets composed of 
higher spatial  frequencies while wearing the XM-29 mask. 

As indicated in the previous section of this report,  spectral 
transmittance and chromaticity of the new mask are adequate. The v i s i -  
ble l i gh t  transmitted through the mask is reasonably independent of 
wavelength so that the tota l  v is ib le  spectrum is approximately f l a t  or 
neutral.  This is supported by the color test ing which showed that 
observers wearing the XM-29 s t i l l  retained normal color vision. How- 
ever, the average l i gh t  transmission was inadequate (Table 4). The 
speci f icat ions for exist ing masks require a value of 89% transmission 
while the working goal for  the XM-29 has been 85%. A measured value of 
83% is below this goal. While the 1 log unit  lowered l i gh t  sens i t i v i t y  
measured in the dark adaptometry tests (Table I0) gives some indicat ion 
of the problems that might be caused by this poor l i gh t  transmittance 
property, the impact on f i e l d  m i l i t a r y  e f f e c t i v i t y  can be very consider- 
able. Field performance with the mask w i l l  be most affected by th is 
during periods of reduced i l luminat ion such as tw i l i gh t  or night. At 
present, a large emphasis is being made toward continuous around-the- 
clock m i l i t a r y  operations. To f u l f i l l  th is requirement, many changes in 
tact ics  and t ra in ing plans have been developed for  night operations. 
However, the XM-29 mask would degrade visual sens i t i v i t y  at night. A 1 
log unit  reduction in sens i t i v i t y  corresponds to the change in general 
i l luminat ion level due to a 25% change in the moon phase (e.g. ,  I /2 to 
I /4  moon). Not only would apparent brightness and detectable information 
content of images transmitted through the mask be reduced, but also the 
visual system might be changed from photopic or mesopic functioning to 
the scotopic (rod) system which is notably inef fec t ive  in processing 
precise visual information. The reduced average l i gh t  transmittance of 
the XM-29 is add i t iona l ly  unacceptable in consideration of a l l  ex ist ing 
masks in the inventory which have, and are required to have, better 
l i gh t  transmittance than that measured for the prototype mask. Also, 
several new optical transparency materials have been developed which 
y ie ld  transmittance values in excess of 92%. 
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The measured sphero-cyl inder powers (Table 2) of the XM-29 mask 
exceed the spec i f i ca t ion  published for  the M-17, while the M-24 mask 
f a l l s  w i th in  that spec i f i ca t ion .  As noted previously,  these measures 
are conservative because of placement of the mask and should be expected 
to increase when the mask is placed in the normal wearing posi t ion.  
These undesirable re f rac t ive  powers would resu l t  in focus errors,  
especia l ly  with the cy l i nd r i ca l  component, and a so would cause ocular 
dlscomfort i f  the mask were to be worn for  an extended period of time. 
The measured pr ismatic power (Table I )  also exceed the maximum allowable 
l im i t s  published in the M-17 spec i f ica t ion and could also ser iously 
degrade visual funct ioning.  The prismatic power a l ters the normal 
vergence of the inc ident  l i gh t  and thereby changes the convergence 
demand of the oculomotor system. This would upset the del icate ra t i o  
balance of the accommodative and convergence components of the visual 
system resul t ing in ocular distress and visual ine f f i c iency .  The 
deviat ion of the l i g h t  path caused by the prism could also resu l t  in 
errors in space perception. An ind icat ion of the space d is to r t i on  is 
apparent in the lens d i s to r t i on  photographs (Figures 19 and 20). Errors 
in the perception of space and distance would be disastrous in tasks 
requir ing good depth d iscr iminat ion,  e.g. jumping bar r ie rs ,  operating 
motor vehicles, f l y i ng  a i r c ra f t .  Measures of stereo-acui ty (Table 9) 
might be expected to re f l ec t  upon the problems caused by the prism. 
While the stereo thresholds were reduced while wearing the mask, the 
measured changes are not considered to be perceptual ly s ign i f i can t  but 
only an ind icat ion that something is causing visual degradation. I t  
should be understood that these measurements were obtained under a 
rather s ta t i c  s i tua t ion  involving reduced visual cues which were care- 
f u l l y  cont ro l led.  Only small,  d iscrete areas of the mask (and ret ina)  
were used for  any par t i cu la r  measurements. Errors in space perception 
which have been discussed above usually involve a much larger port ion of 
the visual f i e l d  and should be measured in a leaf room or with a space 
eikonometer. Since there have been reports of serious space perceptual 
errors whi le wearing the ×M-29 mask, a separate contract has been nego- 
t ia ted  with a major un ivers i ty  to study th is problem, and the i r  informal 
reports to data confirm suspicions that space perception is s i g n i f i c a n t l y  
a l tered whi le wearing the XM-29 mask. 

The reduced performance in the dynamic visual acuity task (Figure 
24) obtained with both protect ive masks, but pa r t i cu la r l y  with the XM-29 
mask, can be considered to be inherent in the mask and not due to a 
temporary condit ion such as fogging or unclean surfaces. While nDt 
spec i f i ca l l y  evaluated, i t  is f e l t  to be un l i ke ly  that th is  performance 
loss can be a t t r ibu ted  to the discomfort and d is t rac t ion  caused by 
wearing the mask, per se. In performing the DVA task. the observer was 
required to detect the~ppearance of the target in peripheral v is ion 
(since he did not know in advance the d i rect ion of movement and, hence, 
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at which side of the screen the target would f i r s t  appear), make the 
appropriate saccadic eye movment to "catch" the rapidly moving target ,  
and then make the correct veloci ty pursuit  movement to maintain the 
target in good regis t ry  on the fovea of the eye. Al l  this occurred 
during an exposure time of 470 mil l iseconds. Because of th is t ransient 
target presentation, i t  is obvious that i t  was impossible for  the 
observer - given the highly varying levels of haze, d is to r t ion ,  pr is -  
matic and cy l indr ica l  power over the lens surface to optimize v i s i -  
b i l i t y  by varying the angle of gaze. In s ta t ic  tasks, an observer could 
be expected to optimize. However, in actual dynamic use, e.g. ,  an 
aviator par t ic ipat ing in low level f l i g h t ,  the observer responds to 
t ransient visual inputs fo r ,  especia l ly ,  obstacle avoidance. 

As stated ear l ie r  in this report,  the purpose of th is  invest igat ion 
was to determine i f  the goal of improving visual performance while 
wearing a protect ive mask had been achieved with the development of the 
XM-29. The results reported here force a negative response. In fac t ,  
the results have shown that visual performance is poorer with the XM-29 
mask than the mask presently in the inventory. Obviously, a sat is fac-  
tory optical design has not been developed with the XM-29 in i t s  present 
configurat ion. Table 12 is a summary l i s t i n g  of the optical and visual 
tests performed. As shown in th is  table, the various tests have been 
divided into three categories: acceptable, marginal, and unacceptable. 
While probably sel f-explanatory,  the marginal c lass i f i ca t ion  might 
require addit ional comment. Visual and opt ical performance in these 
tests were low borderl ine. Normally, these performance results would be 
unacceptable. However, depending upon the urgency of the m i l i t a r y  
requirement, they could be considered acceptable as an expedient inter im 
solut ion. Those items l is ted in the unacceptable category must be 
corrected before val idat ion of the new mask. 
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TABLE 12 
SUMMARY OF VISUAL/OPTICAL ANALYSES OF 

XM-29 and M-24 PROTECTIVE MASKS 

XM-29 M-24 

Visual Field 
Color Vision 
Spectral Transmission 

ACCEPTABLE 

Color Vision 
Spectral Transmission 
Image F ide l i t y  
Lens Dis tor t ion 
Haze 

Stereo-Acuity 
Dynamic Visual Acuity 
Visual Modulation Transfer 
Dark Adaptation 

MARGINAL 

Spherical & Cyl indr ica l  Power 
Average Light Transmission 
Prismatic Deviation 
Stereo-Acuity 
Dynamic Visual Acuity 
Visual Modulation Transfer 
Dark Adaptation 

UNACCEPTABLE 

Spherical & Cyl indr ica l  Power 
Prismatic Deviation 
Image F i d e l i t y  
Lens Dis tor t ion 
Haze 
Average Light Transmission 

Visual Field 

Several other casual observations which have not been formal ly 
invest igated should be b r i e f l y  discussed because they impact on visual 
performance, On the several occasions in which technical observers have 
worn the XM-29 mask during f l i g h t ,  the mask has fogged so completely 
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that i t  is t ranslucent,  and a i r c r a f t  operation would be impossible whi le 
wearing i t .  This has occurred wi th in  I0 minutes a f te r  donning the XM- 
29. Also, the curvatures of the mask al low an external g l i n t  signature 
from almost any sun angle. Therefore, camouflage would be d i f f i c u l t ,  i f  
not impossible, whi le wearing the mask, especia l ly  i f  there is any 
concentration of troops wi th in  a small area. F ina l l y ,  re f lec t ions  ar is -  
ing from the internal  surfaces of the mask must be reduced. These are 
considerable and can produce a ve i l ing  glare fu r ther  degrading visual 
performance. 

The f ina l  question which must be asked is whether the visual and 
opt ical  def ic iencies herein reported can be corrected by simple engi- 
neering changes. That question was not addressed in th is  invest igat ion.  
However, near term solut ions do not appear readi ly  avai lable.  The 
excessive opt ical  powers and aberrations arise from the steep face-form 
angle of the mask transparency. I f  they are to be corrected, major 
changes in the mask curvatures w i l l  probably be necessary. The XM-29 
mask presents a new appl icat ion of s i l i cone.  I f  the poor image qua l i t y ,  
reduced transparency, and excessive haze are caused by the basic opt ica l  
propert ies of th is  mater ia l ,  i t s  use must be questioned. An improved 
opt ical  and visual design would include f l a t  optics fabr icated from 
highly transparent, ophthalmic qua l i t y  material such as quartz-coated 
CR-39. 

CONCLUSIONS 

I .  While no speci f icat ions are yet avai lable for  the XM-29 pro- 
tec t ive mask, the new mask f a i l s  to meet any of the opt ical  standards 
published in MIL-L-OO50064E(MU) for  the lenses in the M-17 protect ive 
mask. The percentage haze, pr ismatic e f fec ts ,  and re f rac t ive  powers in 
the XM-29 mask are excessive, and the l i gh t  transmission is inadequate. 

2. Except for  color vision which was normal with both masks tested, 
visual e f f i c iency  was degraded while wearing e i ther  the XM-29 or the M- 
24 masks. However, performance with the new XM-29 mask was poorer on 
the visual modulation t ransfer  test ing and dynamic visual acui ty than 
with the M-24 mask while the degraded performance was approximately 
equivalent when e i ther  mask was worn on the stereo-acui ty  and dark 
adaptation tests. 

3. The to ta l  extent of the visual f i e l d  allowed with the XM-29 was 
much improved from that afforded by the M-24 mask, and i t  compared 
favorably with unobstructed vis ion. 
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RECOMMENDATIONS 

I .  Independent f a i l u re  analyses of the XM-29 mask should be 
conducted. These tests should include chemical and opt ical  analyses of 
the basic s i l i cone material and opt ical  coating used in fabr ica t ion  of 
the mask. Complete opt ical  .analysis of the mask curvatures should be 
conducted to optimize the design and reduce or e l iminate the various 
opt ica l  aberrations and re f rac t ive  errors, 

2. The Mask Development Off ice should reconsider the a i r  f low in 
the mask to el iminate the problem of excessive fogging when the mask is 
worn. 

3. Development work should be immediately i n i t i a t e d  to attempt to 
reduce or e l iminate the problem of external glare and internal  re f lec -  
t ions with the mask. 

4. Since some of the problems i den t i f i ed  in the present inves t i -  
ja t ion  are qui te serious and basic to the design concept, the prototype 
XM-29 mask should not receive va l idat ion un t i l  the f a i l u re  analyses have 
been completed and design changes have been developed and tested to 
insure that  visual performance has been improved. 
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