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MODERN COUNTER-SURVEILLANCE IN COMBAT CLOTHING
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Before World War II, personal camouflege was needed only in
daylight, because night-time surveillance wes limited to uae cf the .
naked eye. Since that time sirveillance devices have been developed
that enable an enemy to observe military personnel effectively, both
by dry and night. Both aerial photography and the sniperscope ex= -
terd vision into the infrered, ellowing an ohserver to take edvun-
tege of differenzes in the refleetion rroperties of terrain epd ”
clothing, An dmags intensifier iacreases his visual sensitivity at
night by meny orders of magnitude. Because the present military
envirounent emphasizes the use of small, mobile units, the Combet
Develoguent Objectives Guide states that an individusl soldiszr wust
have maximum freedom from eneny. observation, if he 12 5 complete
his mission succesafully~9This taper descritcs the development of
a colorant system for combat clothing 4hzi satisfies the reflectance
requireuents for camouflage proteciion against detection by all of
these modern surveillance deviies, ac well as by visual observation.().

i\
These curvelllance devices function cn the basis of the
redlation that is reflected from troops and other objects in the tere
raine ¥Figure 1 shows the regions of the spectrum in which eanck de~

vice operates to its best sdvantege, and illustrates that these de~
vices depend primarily on infrared radiation. The snlperscope makes

use of a band of light neer 1000 nanometers (nm),'while both the

image intensifier and infrared photogrephy are most raaponsive to-

that portion of the iufrared that lies juat beyond the visible spec-
tyum (700 to 900 um). A :

The reason for counter-surveillance measures'ia to minl-
mize the probability of detection of individusl goldiers to effec-
tively low levels. This requires 2 low contrast between a uniform ’ffﬁr
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and the bacquound againet which it is viewed, by whatever detection
device may be used. The cortrast of en object in & uniformly illum-
inated rield depends Jargely on the reflectances of the object and
the background. To Jevelop an effective camouflsge colorant system,
one must know the refiection properties of both the uniform and typ-
fcal terrains. Fgure ? shows the reflectances of typical leaves,
both fresh and dry, in the region of the spectrum we are considering.
Figure 3 is A comparable set of curves for some woil specimene. .

Farlier research has 1l2d to colorant systems now in use for
camouflage ageinst visual observation and detection by the sniper-
scope. It bas also beén possible to devise relatively simple color-
ant systems to provide camouflage against visual surveillance and
that by either infrared photogrophy or the image intensifier. In
the past, however, it had not been. possible to develop colorant sye-
tems that afford suitable camouflege protection against all four
methods of surveillance; visual observation, infrared photography,
the 1mage 1ntensifier, and .the . sn;perscape. ’

The __chtive
Our long-rauge goal is a significant reduction in the prob-

abi2iiy of detection of our troops by an enemy using visual observa~ .
»:tion and any of the modern surveillance devices. The objective of

is research study is the development of o system fer»coloring>com-

.'hat clothing end equipage to provide camcuflage against surveillance‘

hy the rour aystems eited above. »
'I‘he Criterion |

2 ! Figures 2 and 3 show that_the reflectances of common com-
ponents of the terrain are higher in the near infrared than in the
vigible spectrum. They elso show that the reflectance curves for
terrains very from one location to snother. To cope with varintions
in terrain coloration, it has been possible to seiect compromise
colors for visual camouflage. In an analogous manner, it should be
possible to define criterie for courter-meassures againes detection
by other devices, that is, levels of reflectance that clothing
should have in each spectral rcgion to assure generally low contrast
in a variety of terrains.

Based on known physical data and field observations, &
criterion has been derived that represents the spectral reflectance
of ideal camoufluge in terrains that contain substantial vegetation,
vhen viewed by the four surveillance system: used to thelr best ad-
vantage. A uniform that has a reflectance curve between 40 and
1200 nm similar to thsat shown in Figure « ¢an be expected to aftord
camouflage protection zgainst observdtion by the four devices we are
cousidering. The lower valves of reflectance at the longer wave-
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lengths pertain to the use of the sniperscopa, where illuminating and
viewing conditions significantly daiffer from those of the others.

TRCHNICAL, APPROACH

The Jdenlizad Curve

The idenlized curve of Figure I has a higher reflectance
. at wvavelengths between 700 and 900 nm than 1t does st wavelengihs
{ ‘beyond 900 nm. This is the feature of the theoretical curve that is
{ most difficult to duplicate in reallty. Dyes known to absorb strong-
1y ut 1000 um have been used to control the reflectance to levels
deemed necessary to afford camouflsge agdinst snipsrscope observa-
tion. Such dyes, however, absorb even more strongly between T00, and
i 900 nm than they do at 1000 rm. Thu:, one should not expect to dup-

licste, by simply reflection processes alone, a reflectance curve
that has lower Tuflect&HCLS near 1000 nm than it does at shorter
wavelengths. .

The idealized curve, itself, provides a clue to the start-
. ing point for research. Its shaps rcsembles the apparent reflzet-
A ance curves obtained for fluores:cent surfaces, in that one part of
the curve rises to values that are higher than those at the longer
© wavelengths thet usually define o maximum reflectance base line.
This led 4o the proposal thabt the ldealized curve could be dupli-.
coted by dyes that had fluorescent emission in the near infrared, if
such colorants could be found. _

Infrared Fluorescence I

When a dye absorbs electromagnetic rediation, the molecule
15 elevated to an energetic (excited) state that is short-lived,

Tor the wolecule to return Lo its originsl ground state, the absorb-
ed energy must be dissipated quickly by one or more available paths.
For most dyes on fabric, thes: paths usualiy involve photo-chemical
procesges or divect conversion to heat. Fluorescence, however, is
observed when the absorbed energy ig directly re-emittod as electro-
meynetic radistion without belng diverted into zlternative paths.

Early litersture relerences tQ luminescence in the infrs-
red begin with that of Paull in 1911,\*/who claimed to be the first
to have cbserved luminescence in the Infrared. Dhere and co-work-
ers(Q,E)reparueﬁ in 19306 that the fluorescence of the living leaf
of the gerniam extends ags far into the infrared ?ﬁ 830 om. Ina
survey of about 200,00) mineral specimens, Duirnes )raported that
nearly 150C, 1epreqent ing about 75 mineral types, exhibited some
degree of infrsred fluosrescence. Prior to the present work, the
only exemple in the literature of an organic toxtile dye that ex-.
hiPit' infrared fluorescence on fabric was reportﬁd by Stearas in
1943, :
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perimental Approach

Tt is clear trom the foregoing that the first phase of the
experinentation vas s search for dyes that exhibit fluorescence in
the near infrared. Figure 5 shows the absorption and fluorescence
spectre of a thiazinz dye, Methylene Blue, in methanol. A character-
istic of the fluorescence process is that the wavelengths of emitted

. light are longer than those of the light that vas absorbed. For

many dyes, the difference in wavclength between the absorption and
fiuorescence peaks is 50 to 100 mu. In this research ve have sought
dyes that fluorecce in the near iufrared. For a dye to fluoresce
near T50 wm, for example, it should absorb light in the red end of
the visible spectrum. Such dyes are greén or blue, a fact that pro-
vided another clue in our search for colorants by which the idealized
surve could be reproduced on & textile fabric.

The second phase of wur research was to develop a mesns of
incorporating a selected infrarsd fluorescent dye into a colorent
formulation to provide the other characteristics shown in the ldeal-
jzed curve. This comblnation of colorents was then applied to a
fabric in such a manner as to preserve the fluorescence.

The third phase of the study was e preliminary field evale

uation of the prototype fabric, using the sniperscope, the im&ge

1ntenaifier, and infrared photchsphy

EXPERI%ENTA RESULTS

. Survey of Dyes

To detect fluorescence in the near inffgsed in our survey
of dyes we used a specislly designed photometer. The spe?imen is
illuminated with a tungsten lawp limited by selected fi1terst’
the visible spsctrum. Light emerging from the specimen by reflec-
tion and fluorescence is intercepted in front of the photo~dete~tor
by a filter that transmits only light in the near infrured. Since
the reflected light is limited to the visible spectrum, the only
energy thut reaches the detector is that produced by fluorsscence
in the infrared. The spectral rasponse curve for the lufrared
fluorophotometer rises to a pesk at about 830 nm and has a bond
width of sbout 130 mm. This is similar to the spectral response
curve shown for infrared photography in Figure 1.

In the soarch for useful colorants, 250 dyes were spplicd
to a variety of fabrics aad examined with the infrered fiuoronhsio-
meter. Of these, 75 displayed some degree of infyared fluorcscence,
a fact not previously reported in the lm@raturc.(L 9) Taple I is
a 1list of those dycs that were found to rfluoresce most strongly,
while Table II lists those that were moderately fluorescemnt. The
numerical values in the leat column show the relative intensitf of
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TABLE X

DYES THAT FLUORESCE MOST STRONGIY IN THE INFRARED

i

i Fluorescence _
i C. I, Name Chemical Type Fabric Type Intensity
. Basic Blue & oxazine polyacrylic 160
11 Basic Blue 3 oxazine polyacrylic 155
e Direct Blue 108 oxazine polyamide
4 : Direct Elue 106 oxazine Jpolyemide 82
i .
P4 . Direct Blue 109 oxazine polyamide T2 »
S Direect Blue 107 oxazine polyamide - 68
Direct Violet 54 oxazine polyamide 63
Basic Blue 9 thiazine polyacrylic 62
i .
] A2
’ i
TARLE 1T )
| B DYES THAT FLUORESCE MODERATELY IN THE INFRARED
4 | | a T XS - . Fluorescence
C. I. Name Chemical Type -Fabric Type Intensity
Basic Violet 4 triarylmethane ~ polyaerylic 48
Rasic Green 3 trierylmethane 'polyserylic " ks
Basic Blue 26 triarylmethane polyacrylic 45
Basic Blue 36 triarylmethane _ polyaerylie 42
Direct Blue 1 digao cotton . k2
Acid Green 16 triarylmethane polyamide k1
Acid Green 3 triarylmethene polyamide 40
Direct Blue 25 disazo cotton 37
Basic Violet 3 triarylmethane polyacrylic 37"
Bazic Green 1 trierylmethane polyserylic 37
Mrect Blue 14 disazo - cotton .36
Direct Blue 109 oxazine cotton 35
Basic Violct § agine polyacrylic 33
Direct Blus 22 ~ disezo cotton 32
Basic Blue 7 triarylmethane polyscrylic 32
Basic Blue 9 thiazine cotton 32
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fluorescence a8 measured by the [luorophotometer.

From the dyes listed in Table I, Pasic Blue b wus selected
for further considerstion anl applicd to » veriety of fabric types.
It was found that the flucrescence Ior this dye vas most intense whex
applied Lo sorylic filers, less 50 on pouyandde, aul obsent on cobhon.
Pecause the dye molecules can inlersct with certain [itars in a wan-
ner that guenches fluorescence, it is important to choose a fabric
substrate thst will allow the return of the excited state molecule

to the ground state Ly Ifluorescence.

Application to Fubric

Figure 6 shows the spectrel curve for combined fluoress
cence and reflectance for Basic Blue 4 applled to an acrylic fabric
when illuwrinated with a xenon arc used as & simuleted daylight
source. fThis figure also shows the curve for 2 dyed cpecimen in
which Basic Blue & was included in a forpulstion to produce an olive
green shade.

Although the curve for the olive green shede does not
match the idealized curve in the infrared, the lmportsnt feature to
note 1s that the reflectance is higher in the intermediate reglon
than 1% 1s ot the lonzer wavelensbhe, As pointed cat eorlier, this
i the mont difficult feature of the idealizad curve to repraducs.
The task that remained was to fira e mesne of lowering the entire
infrared portion of the curve to proper levels, while suill preserv-
ing the effect of fluorescence in the region between 700 and 900 nu.

When dves that were known to sbsort at longer wavelengthe
were added directly to the formulstion, fluorescense uls quenchod,

Light emitted by fluorescence wad siwply re-absorbed by nelghborirg
molecules of the absoriing colorent before it could emerge fromw tuc
surfuce of the fabric.

A technique of bleniing two fibers was also attampted.
One lot of acrylic fibers was dyed with tho iuovreseent formuletion.
The other lot (cotton) wag dyel with a veb dye that sbsoroed strong-
1y throuchouwt the nesr infrarai to about 1200 mm., When these Jovs
were thocouphly blenied to forw & urd foraly colored surfaze, {ho

expected flnorescence wag alwoat entively losh, proswsably for the
reagon deseribad above. The concliusion fom bath of thease atlorts

was that {luorescent portiens of the falric must he suverabted Jron

absorbing aress sufficlently to allow the fluorescent ernizolon to
emerpe from the fabric surface before 1% is re=absorbed by other
colorants.

The problem of quenchirg was evenbually overcome by devin-

ing a 2~couponent grid pattern.(lc) A fabric was mude by wenving
two black rayon yarns alternctely with four undyed serylic yarns in

- 6
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“the chnﬂkernd pattern blends into a uniform shaede that is indistin-,“

RAMSLEY

both the warp and £illing directions. ‘'fhis produced & checkered fab-
riz in which the undyed areas were about 1/8 inch square, as shown in
Flgure 7. The rayon contained curbon-black, & solorant that strongly
absorbs all waveliengths of light we are considering. As woven, the
fabric consists of two distirct areas, one having high reflectance,
tha.cther lows  The Tabric was then dyed with the fluorescent dye
tormulation 1llustrated in Figure 6 to produce an over-all olive
green shede.

- Flgure 8 shows the reflectance curve for an area of the
fabric, both before and after dyelng. The effect of the black yarns -
wes to lower the level of reflectance of the fabrie before dyeing to
about 30 per cent. If non-fluorescent dyes had been used, the re-
sulting reflectance curve would have been lower then the upper curve
at all wavelengths. By fluorescence, however, it was possible to
1if%t the reflectance curve above thet of the undyed fabrie within a
DArrow ra inge of wavelengths:. By separating the Iluorescent areas
from the non-fluorescent areas sufficiently, each eres is able to act
Independently of the other without quenching the fluorescence.

Fvaluation
- ‘When the dyed fabric is viewed at distancﬂs beyond 15 feet,

guishsble from olive green. To estimale the effectiveness of the-
general technique, observations were made with the devices we have
been discussing. ‘fac experimentel fabric was displeyed as £ panel
about six feet long and four feect high, with a similar panel of a
standard febric. DBoth panels were erected at the northern edge of an
open Tield with a bachground of brush, tuell weeds, and trees.

Photographs of the punels were made at ncon cn a sunny day
4n Septcaber, using Polaroid infrared £ilm and a Weatten 87 filter
that excluded all vicible lirsht. The spectral response of the filum
under these conditions is thaet shown for infrared photography in
Plgure 1. The clesez-up view in Figure 9 chows the local setting for.
the paneis. PFlgure 10 1s & view of the penels in the sume setting
photegraphed at a runge of about 30 meters.

Both phot O&rfphs demnrotrate that the standard fabric ap=-
pears consplewsusly dork apgainot o baclgrovid cae often encounters
in a 3112 situs’ ion.  The evperinental (sbric shows that the use of
infrarel fluorese e with the 2-component grid pattern technique
permits o cuntyol of refleciance Lo level. that decreas e the con=
trast of a fabric when viewed by infrared photograply against typ=
ical {ield bockgrounds.

Wght~tinc observations were also made with an image inten-
gificr. 'These showel that, for thls su-velllance device too, the

contrast was much lower for the experimental fabric than for the comw
parison fabric, vhich appeared conspleuously dark, Spectrophoto-

*
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metric measurcments show that the reflectance of the experimental
fabric near 100C nm is close to 25 per cent, a value that affords
camouflage protection egainst observation with tne sniperscope.

CONCLUSTONS

. To reduce the effectiveness of modern survelllance systems,
it is nccessary that the reflectance of fabrics for combat clothing
follow an idealized spectral reflectance curve that covers tho vis-
ible spectrum and the infrared to sbout 1200 nm. This curve rises
from low valuea in the visible spectrum to a maximum in the region
batween 700 and 900 nm and falls o somewhat lower values beyond
900 nm. The shape of this curve is such that it can be duplicated -

“only by using colorants thet are fluorescent in the near infrared.
‘As part of this research, & survey of dyes disclosed for the first

time that ‘about T5 dyes were fluorescent in the infrared.

An infrared fluorescent dye alone vz not able to confer
the reflectance properties neeced for camoufluge against the variety
of surveillance devices we are considering. In fact, fluorescence

vag quen*hed, vhen other dyes were added to bring experimental re-
‘.rlectance curves ‘into conformity with the idealized curve. It wos,
-therefo”e, necessary to separate physically the fluorescent dyes:

from eolorants needed to 104er fbe genernl 1evo1 of reflectance 1n'“

':+he 1nfra*ed.

To avnid quenohing of fluorescen"e and at the seme tim
lower the infrared reflectance, a special technique was devised for
using these dyes. A checkered fabric wat desizned in which part of
the fabric consisted of strongly absorbing yarus and part cousisted
of yarns thnt were later dyed wilh infrared fluorescent dyes. -In
this manner, the two components of the over-zll coloring system were
able to perform their nacessary functions independently snd without
interference, with the result that a reflectence curve wes obtained
{hat had the camouflage characterlatics described by thc 1dealized
curve. ‘

Fleld observations with infrared phovography snd an duwic
intensifier confirmed the camouflage vaolue of the newly developed
colorant formulation, because. the cxperimental fubrie was far less
conspicuous in a typical terrain than currently used fabrics. Tang,
a single coloring system for clothing cen aiford camouflage protec-
tion agelnst visuwal observation and detection by infrered pboto-
graphy, th- sniperscope, and the image intensifier, vhen that color-
ing cystenm is bosed on dyes that are fluorescent in the near infra~
red.
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