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This report documents the role of the Army Research Institute for
the Behavioral and Social Sciences (ARI) in developing and fabricating
light-attenuating devices (LADs). LADs are technological innovations
that simulate night-illumination levels so that night training and test-
ing can be conducted in daylight.

Since 1974, scientists at ARI have been involved in evaluating the
concept of using simulated darkness for night training during daylight.
To evaluate feasibility of this training concept, LADs have been de-
veloped to reproduce the essential features of night visual conditions.

In 1974 and 1975, a filter was fabricated to fit on a standard Army
sun/wind/dust goggle to conduct research on nap-of-the-earth flight at
Fort Rucker, Ala. In early 1977, outsert lenses were designed to fit
over the Ml7 protective mask to conduct land navigation research at Fort
Lewis, Wash. In winter 1977-78, the Basic Combat Training (BCT) Com-
mittee Group at Fort Jackson, S.C., conducted a field experiment to eval-
uate LADs as applied to training and testing night rifle marksmanship.

The LADs project has been accomplished jointly by ARI and Gentex
Corporation (Omnitech Division) under contracts DAHC-19-77-M-0011 (J.
Douglas Dressel as COTR) and DAHC-19-77-M-0049 (Paul R. Bleda as (COTR).
Work reported was originated by the Aircrew Performance Work Unit by
John P. Farrell under David Meister, in the Human Factors in Tactical
Operations Technical Area under Aaron Hyman, and under Army Project
-2Q162722A765, Night Operations Methodology. This report was prepared
under Army Project 2Q162722A764, Training and Education.
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DEVELOPMENT OF LIGHT~ATTENUATING DEVICES (LADs)
TO SIMULATE NIGHT VISIBILITY DURING DAYLIGHT

BRIEF

Requirement:

To develop light-attenuating devices (LADs) that permit night or
twilight training to take place during the daytime.

Product:

Coated and dyed plastic lenses that transmit precisely attenuated
amounts of light have been fabricated and mounted in various existing
Army facemasks, both as single-density lenses that tranumit the same
amount of light throughout and as bidensity lenses that are darker at
the top. Tests and field trials indicate that wearers' perceptions and
performances closely resemble those of actual night.

Utilization:

Use of LADs to simulate night training may provide more safety, as
in tank cross-country driving or helicopter fligcht where an instructor
has full vision, and better performance evaluation, as well as adminis-
trative convenience in scheduling training. Use of LADs for night rifle
marksmanship training at Fort Jackson, S.C., was estimated to save appre-
ciable time and ammunition.
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DEVELOPMENT OF LIGHT-ATTENUATING DEVICES (LADs)
TO SIMULATE NIGHT VISIBILITY DURING DAYLIGHT

——

INTRODUCTION

Tactics and doctrine in the modern Army have emphasized the concept
of continuous operations, which specifies that military functions con-
tinue around the clock, under all weather conditions, and across differ-
ent terrains. A continuous combat capability depends on an army's capac-
ity to perform without letup, unhindered by darkness, reduced visibility,
or extreme temperatures. The importance of a continuous operations
capability is essential, mainly because the Soviets have adopted such !
a capability as the primary principle of their combat doctrine since
the late 1950s.

The doctrine of continuous operations places new emphasis on night
warfare. To conduct successful night missions, combat personnel must be
trained to perform when visual cues are reduced. However, numerous ad-
ministrative problems relating to safety, performance evaluation, and
convenience arise when training and testing are held at night. To cir-
cumvent the limitations inherent in night training, scientists at the
U.S. Army Research Institute (ARI) have developed light-attenuating de-
vices (LADs) that simulate night visual conditions to allow training
during daylight. This paper documents ARI's involvement in the develop-
ment, fabrication, and evaluation of LADs.

The use of LADs during daylight may be more advantageous than ac-
tual night training in several respects. First, single-density LADs
are safe to use, because trainees' performances can be monitored by a
person with full vision. For example, during aviation, flight instruc-
tors not wearing LADs would be in a better position to manipulate dual
controls to avoid potential hazards. Second, training effectiveness is
enhanced because instructors can better observe and evaluate trainee
performance. Thus, the corrective feedback to trainees is based on a
more accurate and thorough account of their behavior. Third, many qual-
ification tests are conducted more conveniently during daylight, allow-
ing greater scheduling flexibility and minimizing the "dead" time spent
waiting for darkness.

Other limited-visibility conditions with great tactical importance
can be simulated with the LADs by varying the optical density (o.d.) of
the filters. For example, future combat conditions most likely ‘will em-~
phasize the dawn and dusk periods, because the development of passive
night-vision devices has reduced the tactical advantages once afforded
by darkness. Although effective at night, passive night-vision devices
become inoperative in twilight when the illumination level is too high
for the image intensifiers but too low for good vision with the naked




eye. Because dawn and dusk are short and occur at widely separated
parts of the day, it is difficult to train for them. By simulating twi-
light conditions using LADs, effective training could be conducted dur-
ing most of the day.

The concept of using LADs for training purposes is not new. In
the late 1940s, British researchers tried to simulate night visibility
for aircraft crew trainees by circulating an opaquing fluid between
twin-walled bubble canopies. However, this technique was never used
widely because the uneven distribution of fluid resulted in uneven light
attenuation (Lazo, 1974).

In the United States, various combinations of blue and amber fil-
ters as well as Polaroid materials have been used to train aircraft per-
sonnel. A blue and amber filter combination lowered light level, but
for the instruments to be visible, one filter had to be applied to the
trainee's goggles and the other to the cockpit windscreen. Unfortu-
nately, this technique reduced the instructor's visibility, although to
a lesser extent than the trainee's. The technique was abandoned when
flight simulators for instrument and night flight were introduced. A
neutral density filter was developed to simulate twilight and dusk for
airborne visual reconnaissance teams (Porterfield & Self, 1971), but it
was never used on a wide scale.

There were two attempts to simulate night conditions for infantry
training, the first at Fort Benning, Ga., in the 1950s, and the second
at Fort Sheridan, Ill., from 1968 through 1970. The first effort was
cancelled before extensive testing was undertaken, but the second in-
volved a more thorough development and evaluation program.

At Fort Sheridan, exposed X-ray film was inserted into the frame of
the standard military sun/wind/dust goggle. Although exposed film at-
tenuates \light across all spectral regions, including infrared (I.R.)
and ultraviolet (U.V.), it is difficult to obtain optical densities
over 4.0 without the film becoming occluded. Some light scatter also
occurs.

Preliminary tests at Fort Sheridan supported the concept of using
LADs for night training during daylight but showed the need for an im-
proved filter. FPlastic filters containing carbon particles in colloidal
suspension were developed, and eventually 7,000 lenses with an optical
density of 5.5 were bought for extensive field tests. In 1970, however,
problems with lens fogging from perspiration and with light scatter when
the lenses faced the sun led to the project's termination. Those in-
volved in that effort believed that such technological problems even=-
tually could have been solved.




LADs PROGRAM AT ARI

At ARI, John P. Farrell initiated exploratory work on the develop-
ment of the LADs concept in 1973. The technical specifications of
various light-attenuating materials were investigated.

Investigations began with dual layers of Polaroid filters (Table 1).
In the configuration used, one sheet remained stationary while the other
was rotated to vary the level of attenuated light. However, this tech-
nique was rejected because of the inability to produce precise and uni-
form attenuation levels.

Photochromic materials that darken upon exposure to light were re-
jected because of the delay in the material's response time and because
of poor attenuation in the infrared and ultraviolet regions.

Various filters with a glass substrate were rejected for safety
reasons.

Significant expansion of the effort occurred in 1974, when it was

decided that LADs must have the characteristics listed in Table 2 to
achieve Army-wide acceptance.

Sandwich Goggles

John P. Farrell and Aaron Hyman developed the initial prototype of
LADs vsing the frame of the standard Army sun/wind/dust goggle modified
to provide light-tight ventilation. Farrell and Hyman combined several
elements to produce attenuation with the correct spectral characteristics
in the lenses. A neutral gray plastic lens for glare protection was the
base onto which the other elements were affixed (Farrell, 1975). To the
base were added (a) a layer of Scotch-tint film consisting of metallic
particles deposited on plastic to attenuate infrared rays; (b) a Kodak
Wratten #96 neutral density filter> to attenuate ultraviolet and visible
light; and {(c) a sheet of clear acetate to protect the other materials
(see Table 3).

There were two versions of the sandwich type of LADs: a single-
density and a bidensity lens. The single-density lens had a constant
amount of attenuvation across the entire visual field (5.3 o.d.). The
bidensity lens had greater attenuation in the upper part of the lens
(5.0 o.d.) than in the lower part (3.5 o.d.). To validate the overall
attenuation produced by the sandwiched elements, the optical density
was measurcd in a Cary model 14 spectrophotometer, and the readings were
integrated against the photopic visual function.

1Cou-etcill designations in this report are given only in the interest

of precision of reporting. Their use does not constitute indorsement
by the U.S. Army Research Institute or the U.S. Army.
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The single-density and bidensity versions of the sandwich goggle
LADs were field tested by Farrell for infantry tasks at Fort Ord, Calif.,
and aviation tasks at Fort Rucker, Ala., in 1974. The infantry tests in-
cluded distance estimation, target detection, and terrain walking. The
aviation tests consisted of helicopter maneuvers such as 360° and 45°
bank turns, hovering, obstacle avoidence, and obstacle detection. The
results of these preliminary field tests were encouraging, because per-
formance with the LADs appeared to be degraded to the same extent as
performance under actual night conditions. Unfortunately, the initial
mockup version of these LADs was too fragile for more extensive field
testing because Wratten filters scratch easily and must not be exposed
to temperatures above 110°F.

Evaporated-Metal Coated Lenses

Evaporated metal lenses were investigated to try to overcome the
difficulties inherent in the Wratten filters. Light-attenuating filters
are produced by heating a metal such as silver or the alloy inconel in a
vacuum chamber and depositing a thin layer of the metallic particles on
a substrate such as glass. This type of filter attenuates well in the
ultraviolet and infrared regions and, in general, meets the required
characteristics listed in Table 2. Four prototype lenses were produced
with contractor support from Gentex Corporation (Omnitech Division).

The filters were fabricated by depositing silver on both sides of a
plastic substrate (butyl acetate), because optical densities over 4.0
are difficult to obtain in a single coating with this technique. An
antiscratch coating was applied to protect the metal, and both single-
density and bidensity lenses were produced.

Farrell field tested these LADs for aviation use at Fort Rucker.
Although performances obtained with this version corresponded with those
obtained with the sandwich goggle, subjects preferred vhe evaporated
metal lenses because of their greater clarity. Pilots also favored the
single-density over the bidensity lens; this response was surprising
because the bidensity lens was specially designed to facilitate reading
the instrument panel. However, most pilots indicated that they found the
bidensity goggles distracting and said they preferred to "keep their
eyes outside the cockpit™ and to query the copilot when instrument in-
formation was needed. Unfortunately, the evaporated metal lenses were
too expensive for more extensive field testing.

Outsert Lenses

The next stage of development began in early 1976, monitored by
Douglas Dressel with design direction from Aaron Hyman. These scien-
tists fabricated a neutral attenuating lens of dyed polycarbonate plas-
tic with a metallic coating designed to fit as an outsert on the standard
Army protective mask (M17Al). Table 4 provides a more detailed descrip-
tion of this type of LAD.
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Both single-density and bidensity lenses of various densities and
density combinations were fabricated. The LADs were field tested in
the summer of 1977 with elements of the 9th Infantry Division at Fort
Lewis, Wash. (Peters, Bleda, & Fineberg, 1979). A bidensity LAD having
a density of 5.5 in the upper part and 4.0 in the lower part was used in
the test for safety reasons--navigators could easily check their foot-
ing. Not surprisingly, the findings indicated that performance during
actual night was significantly degraded in terms of navigation speed and
accuracy. Performances obtained using the LADs were between those found
in daylight and at night. It appeared that the bidensity safety feature
allowed navigators with LADs to travel slightly faster than navigators
who performed at night. However, it was the consensus of those present
during the research that a single-density LAD would yield results com-
parable to those found for actual night.

Welder's Goggles. In response to a field request from Fort Jackson,
§.C., ARI scientists, with contractor support from Gentex Corporation
(Omnitech Division), developed a light-attenuating goggle that can accom-
modate trainees who wear helmets and corrective lenses (Bleda & Johnson,
1978) . This version of the LADs was designed to provide a relatively
quick and inexpensive solution to a night-fire problem at Fort Jackson.
Consequently, these LADs were fabricated using a conventional welder's
goggle facemask from American Optics Corporation (product #488) and a
#12 and #13 welder's shade plate produced by Gentex Corporation. The
welder's plates were made of polycarbonate plastic filters containing an
organic dye with a metallic gold coating on one of the lenses to filter
out potentially harmful infrared and ultraviolet rays. Table 5 gives
the technical specifications of welder's goggle LADs.

POTENTIAL APPLICATIONS

In early 1978, a series of field tests at Fort Jackson assessed the
feasibility of applying LADs to train and test night rifle marksmanship
during daylight (Bleda, 1979; Bleda & lLabrozzi, 1979). The results of
the first of these tests validated the comparability of the various op-
tical densities of the LADs to different moon phases in the specific
training environment at Fort Jackson. Comparability was defined in terms
of the percentage of trainees who qualified for record; that is, who
achieved a specific number of hits on pop-up targets at 25 and 50 m.

Follow-up research compared the immediate (2 to 3 hours) perform-
ance transfer and long-range retention (7 weeks) derived from practice
and record fire with the LADs to performance in actual nighttime. The
results demonstrated that the LADs' performance index was as effective
as the actual night performance index. Although one limitation of the
welder's goggle LAD is that it restricts peripheral vision, it appears
that a wide field of view is not essential for the night rifle marksman-
ship application of the LADs.




-

89218
pvay TTvws AT2ATIPTSX Y3ITA
$198N 2WOS I03j I[qe3I0FWOOU(
IYbYI-ybIT Are3ardwoo JoN

AITA 3JO PTIOTJ PaIOTIISHNY

suay s93jvxedes buyviads

1e3oW ‘auww1j pue adavdadoe]
usam3aq [eas s Saaies Oriserd
pue 12413 pejvubaizdur-oyrousiy
3o 39yseb uotriysodwo) “‘ssau
-3yb13 IYbY1 8seaadUY 03 8SOU puw
‘peayalo] ‘sauodPdyd Y YITA
3993uU0D UT 2wod eyl sabps ayy
buote pue sdeyj a1dwey se pappe
uaaq aaey sped auaylaiIn weog

suoT3eUTqWOD I93[¥3 jo abueyoxs

103 paAowal 10 POTQqWASSESIP
Alise2 ®q ued Jusunyedwod SUI]

sdei1y

ybyt buriweao Aq ebexeal IybTY
IJPUTWITS® JIey3 sSIsanoy oriserd
ybnoayi uor3eTrIuUSA 3091TpUl

[eTI83°W
TAuta uaaizb 3308 jo aped (gEbE
3onpoxd s013d0 uediIswy) Ysew
-90e3 216606 s, 13pTam TeTOISWRBOD

suay jo aprsutr uo buibbojz
aonpax o3 burleod qI0SOIPAH

buyY3IPOD FJURISTSAI
-yoje1ds yItm dOr3iserd ajeuoqred
-£1od 30 apew 23e1d I3A0D JIEITD

aseq Aeib pajury
Y3ITM SUSY Ipeys 3199Yys 93e3ady

10

3ybrY 3IBTOTA

-®I3TN pue parerjuy Tnjurey
Arteriusjod (3no 1937113) qaIosqe
10 3091381 I9Yy3T® 03 @3eld a3
3O 9p1Ss auo uo buy3yeod (Loyye
p1ob) oYTTvIew paey pajeiodeaz

oyaserd

a3vuoqaenitod padp Arreoruebio
30 spew sua] »3e7d apeys paprowm
€18 IO ZTI# §,I9pTam pIepURlS

suoyIwI YWY

ysewddw3 3O
s213s 112300 IRY)

193713 30 3
SO73STISORIVYD

sqyl 30 uorsiap a1bboo s, 19pToM

S #1qeL




Two field experiments at Fort Knox, Ky., evaluated the feasibility
of using LADs to train night tank-driving and weapons disassembly/as-
sembly. Trainees practiced either at night or with the LADs during day-
light before being tested at night. With regard to tank-driving, the
results indicated that reductions in errors as a function of prior prac-
tice were comparable for both the night- and LAD-trained groups. More-
over, the findings for weapons disassembly/assembly task revealed that
subjects trained with LADs required an average of 83 fewer seconds to
complete the task than did their conventionally trained counterparts.
These results indicate that the application of LADs to training during
daylight for these two night tasks was successful (Bleda & Bauer, 1979).

It is important to note that LADs cannot be applied directly to
certain training areas. For example, small amounts of focused or dif-
fused light (such as that emitted by the luminous dial of a compass or
the instrument panel of a vehicle) cannot be seen with LADs, because
the filters attenuate light by several orders of magnitude. For this
reason, LADs may not be useful for training and testing tasks performed
at night with limited levels of artificial light. In many training situa-
tions, however, these problems can be circumvented through procedural
changes (e.g., increasing the intensity of the light source) or tech-
nological modifications to the LADs (e.g., using bidensity lenses).

Eventually, the concept of using simulated rather than actual con-
ditions of darkness may prove of great value to the Army. LADs may pro-
vide a safe, convenient, and cost effective way to develop a continuous
operations capability. The LADs program can continue to expand in sev-
eral ways. The program can develop an even greater arsenal of different
types of these devices for application to diverse training tasks. In
this regard, LADs can be fabricated for use with different sighting
mechanisms, periscopes, windows, and so on. With various modificaticns,
LADs can be used to simulate not only night but also other conditions of
reduced visibility, such as smokescreens or dawn-dusk twilight conditions.
In addition to its training applications, LADs may serve to fill an im-
portant role in the conduct of basic research. That is, LADs can be a
tool for investigating human performance capabilities during reduced
visibility.
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