AD-A172 152

DN FILE copy

' ,
METRIC

/ DOD-HDBK-178(ER)
25 JULY 1986

MILITARY HANDBOOK

QUANTITATIVE DESCRIPTION CF
OBSCURATION FACTORS FOR
ELECTRO-OPTICAL AND MILLIMETER
WAVE SYSTEMS

METRIC

DYIC

,‘i:' . E L.i:'..C i &.%
Q, SEP 2 4 1986 (’ 34

,?:
W A

e

DISTRIBUTION STATEMENT A. Anproved for public release; distribution is unlimited.

NO DELIVERABLE DATA REQUIRED
BY THIS DOCUMENT AREA MISC



A

\
DOD-HDBK-178(ER)

DEPARTMENT OF DEFENSE
WASHINGTON, DC 20301

Quantitative Description of Obscuration Factors for Electro-Optical and Millimeter Wave Systems

1. This standardization handbook was developed by the Atmospheric Sciences Laboratory of the US
Army Laboratory Command with the assistance of other organizations within the Department of the
Army and industry.

2. This document supplements departmental manuals, directives, military standards, etc., and pro-
vides fundamental information on the effects of natural and battlefield-induced obscurants on eleciro-
optical and millimeter wave systems. It contains tables that list the eifects as major or minor, equations
that allow detailed calculation of effects, and illustrative prublems with realistic scenarios. It should
provide valuable information to engineers and managers responsible for the design of electro-optical
and millimeter wave systems.

3. Beneficial comments (recommendations, additions, deletions) and any pertinent data that may be
of use in improving this document should be addressed to Commander/Director, US Army Laboratory
Command, Aunospheric Sciences Laboratory, ATTN: SLCAS-AR-A, White Sands Missile Range, NM
88002-5501, by using the self-addressed Standardization Document Improvement Proposal (DD Form
1426) appearing at the end of this document.or by letter.
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FOREWORD

-

The general purpose of this handbook is to provide
Army design engineers, scientists, and analysts with a
method to quantily obscuration factors for electro-
optical (EO)and millimeter wave (mmw) systems, The
specific purposes are (1) to provide data and methodol-
ogy for Army design engineers to assess the elfects of
natural obscurants and baulefield-induced contami-
nants on EOQ and mmw systems, (2) o provide the
analytical community with information to calculate
system performance, and (3) to indicate to the testand
evaluation community the effects that should be consid-
ered when a system is evaluated,

Chapter 1 is a discussion of the handbook contents
and the use of the handbook. Chapter 2 is a qualitative
description of EQ @nd mmw sensors and of the natural
obscurants and batlefield-contaminants that may de-
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L8 ade sensor performance. Chapter 8 provides quantita-
tive information on natural obscurants, while Chapter
4 contains quantitative information on baulefield-
induced contaminants. Chapter 5 describes sensor per-
formance measures, discusses sensor performanceddefeat
mechanisms, and illustrates sensor perfor manr9 alcu-
lations using the quantitative data developed in Chap-
ters § and 4,

This handbook was developed under the auspices of
the Army Materiel Command's Engineering Design
Handbook Program, under the direction of the US
Army Management Engineering Training Activity.
The handbook was written by DCS Corporation as
subcontractor o Research ‘Triangle Institute under
Contract No. DAAACB-80-C-0247,
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EXECUTIVE SUMMARY

Electro-optical (EQ) and millimeter wave (mmw)
sensors are critical components of current military
systems. The applications and importance of these
sensors will increase in the years ahead as emphasized
in the Airland Battle Concept. All of the battlefield
functions must increasingly depend on the incorpora-
tion of EO and mmw sensors if the goals set forth for
the modern army are 10 be met.

Command and Control. Effective decision making
demands rapid and comprehensive information pro-
cessing and dissemination.

Close Combat. Forces will be dependent on target
acquisition as well as mobility on baulefields ob-
scured by dust and smoke.,

Fire Support. Both ground and aerial fire suppon
will depend on sophisticated arger acquisition as
well as tirget-secking or directed projectiles,

Air Defense. The protection of land forces in terms
ol counter aiv, preemptive air defense, and  point
defense has velicd and will continue to ey heavily on
the integration of EO and mmw systems,

Communications. Systems must be capable of
operating in clecvomagnetic pulse (EMP) and elec-
ronie warlive (EW) covitonnents, and of providing
reab-time Ciformation, Systems sueh as fibey opics
will contmue w increase ficld capabilities,

The remaining funcional arcas—combin sapport,
mtelligence and electonic wiabine, combat servier
support, and avianon—abo incorporate the uwe ol
setes i performing the mission,

With the Batletiedd so dependent on EO and naaw
seni s, the designess ol systems i adb af these fute
aomd ey mast Lace ahe paohlen ol sensor et
manee i the presence of obsoarams, Thew obaaae
ants ks be ol weather condivons, such as b,
i, o sow, o Basiebickbinduced contaminan,
siaehoas amokes, dust, and Dire prasdus is. Seasors oper
ating i ditferent speciral bamds may be altecnal dii

xiv

ferently by the same obscurant. Systems that depend
on the operation of sensors in two spectral bands may
be effectively “shut down” if the performance of one
sensor is severely degraded, even though the other sys-
tem sensor continues to operate. As electromagnetic
energy is propagated through the atmosphere, it
essentially encounters obsiacles in the form of

1. Molecules ol gases of nawral constituents of
the air

2. Acrosols, such as fog or haze

3. Rain and snow

1. Smokes and dust.
Each of these “obstacles™ diminishes the amount of
the energy that reaches its desdnation. Depending on
the wavelength of the energy, the elfectiveness of the
“obstacles™ can e insignificant or total,

This handbook records the effects of the various
obscurants on EQ and mumw sensors, These effects are
given in differem levels of detail tailored for the in.
terest level of the reader. There are tables that list the
effects simply as major or minor, equations that allow
exact computation of effects, and text material tha
explims the defeat mechanisms, Inciuded are saple
seenarion and illustrative problems, These scenarios
are tealistic situations in which a sensor system might
be expeated o operate, The seguence of comsputations
is wrranged in casily followed steps so that the design
engineer can not only undentand the example ba
can wamder the analyas 10 his own particulin s
tews, Finally, the equations are summarized in an
appendin for casy reference,

The current reguirement for a comprebeasive souree
of data applicable 1o milicary sysiems is met by this
handbook, but updated versions will nead 1o be pro.
duted s developments use new spectra! bands and as
rescatch on obsourant ellecis akes imore information
available,
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CHAPTER ]
INTRODUCTION

This chapter describes the purpose and scope of the handbook, an engineering design tool for calculat-
ing the effects of natural obscurants and battlefield-induced contaminants on electro-optical and milli-
meter wave systems. It includes a chapter-by-chapter summary of the handbook and a brief discussion of

the use of the handbook.

1-1 PURPOSE

Electro-optical (EQ) and millimeter wave (mmw)
sensors are critical components of many new military
systems. The performance of these sensors is deter-
mined not only by the sensor design but also by the
weather and by battlefield-induced cemaminants. Tuis
important to optimize the inital system design, to he
able to predict the performance <! asystem thatisstillin
design or development, and to be able o evaluate design
changes that are suggested during the development,

The purposes of this handbook are

1. To provide data and methodology for Ay
design engineers 1o assess the eftects of naural absen-
rants and Yattleficld-induced contiminantis on EO and
MMW sysiems

2. To provde the analytical community with
inforstion o caloubae svstem pertormance

3. Poandicate 1o the west and evaluation conmmit-
mity the eltects that should be constdered when asvsean
v eviluated.

1-2 SCOPE

Fins handbook i intended v b o baste desiegn ol
fon the N engineer o oot Phe handbioob
st tured 1o provude

oA e anderstanding of the Il W projeiiies
ol natarad obse sty and battebeldanduoed o
TR

20 A deserpuon o npe amb magnitinde of e
et that cact ol wan o lune on genene RO amd
MINN sl

1 Lhe data asd proceduates i emhle the cnginen
0 caboulate tie clfecs of these b aramts o g uwe
spres thaesd syatenm desagn s illosteated by sanple pob.
leann,

Fhe handbook s wrstten to provide infonmanon tha
4 Ieni OF CogIe can i o rdentdy potentad
prodlems s the performance ula senson uasder obsw aed
conditrons amd to estimate the magmitude o the ctieos
and the frequeney of the comditions, Detabad dise s
sedn ot atimos ierie phiy sieos, obisa utanis, sensen tesag,

andd sensor perotmance madehing ane beyond the wope

of this handbook. Extensive references are provided at
the end of each chapter for the user who needs more
detailed information.

1-3 DESCRIPTION AND USE OF THE
HANDBOOK

In addition to Chapter | this handbook contains four
chapters treating obscurants an ' obscurant effects on
sensors, as well as a glossary that is a summary of
terminology used to deseribe obscurant elfects on EQO
and mmw systems. The two appendices contain sum-
maries of the key aunospheric tansmittance caleula-
tons, This paragraph is an overview ol the contens of
these chapters and includes a bviel summary of the
contents of each chapiey and o deseription of the
intended use of that chaper,

Chapter 2, “Quaahitative Description of Setisors and
Obsciration Facton™, gy o quabiative desaription of
EO and mmw sensons, and the nasmal obsoupamis and
attleheldandoced conpminants which may degnude
seinen petlormance, T povides the aste materiad the
et ueeds 1o comprehbend an anady sis o atmospsbwere
ellecisansensors, Phe chapiten icdudesadescnpson ol
genern EO and oy syatenmisand disonsses briebls the
dilferences i active ad possiee weinsor operation foy
g and nonimaing semsors, Aupesphicrse progs
etttes that ediee senvn perfonmancee, such as absings.
oo, soattenng, dotter, and tabulence, ave defsned,
Brictdes nptions b natotal obsourants and badebield-
snduced contannamants aie goen. Moteorolowics] mea:
streients ised te vt terse obseatints and ol -
ant tansport e abvs discsaal,

Chaptensy 3 and 4 poosade guannats e fonmation
about the natimal and Bartlehield obawmanis descnaad
wm Chapter 20 Chapter 5L Propenes and Freguenay of
Ovcmnrence of Nattial Obse vration Faoons™, provides
quantitatne data 1 enable the cogasert o0 han witee
the mattal atimosphicre for sysiens performancoe cilouly-
tions, 1 contains iformation about waacally oo -
stk obw usints, such o atnunpherte gasey and water
vapr, hase, log, proapiation, and Blowing dust. This
chapter ancduades (1) Quantitative data peraiting the

11
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calculation of atmospheric transmittance through the
naturally obscured atmosphere; (2) qualitative descrip-
tons of the climatology of [our geographical areas
(temperate, tropical, desert, and arctic),and (3) quantita-
tive descriptions of the frequency of occurrence of naw-
ral obscurants in those areas.

Chapter 4, “Physical Properties of Battlefield Obscu-
ration Factors”, includes a quantitative description of
the battlefield-induced contaminants discussed in
Chapter 2, including smoke, munition explosions,
vehicular-induced contaminants, and baulefield fires.
This chapter (1) describes the baulefield-induced con-
taminants, (2) provides mass extinction coefficients,
and (3) gives anassessment of the concentration of those
contaminants that might be found in a bauleheld
environment. Three examples are developed—for ardl-
lery fire, obscuring smoke, and tank-generated vehicu-
L dust—to indicate anticipated levels of batleficld-
induced contiminants.

Chapterd, “Obscuration Factors and System Design’”,
discusses sensor performance measures and gives ilius-
wative examiples of sensor perlonmance caleulations.
This chapter (1) introduces system performance mea-
sures for the chasses of systems described in Chapter 2
and shows how they are used to decrmine performance,
{2) discusses sensor defeat mechanisms in the obscured
natural and battdefield environments, and (3) “walks "
the aser through sample problems illustrating the
clfecis of obscurants on those systems by using the
grantitative data developed in Chapiers 3 and 4,

Appendix A is a summary guide for calculating
atmospheric transmittance; it includes references to the
required data and equations in the handbook. Appen-
dix B gives equations for converting between different
measures of atmospheric water vapor content. The
glossary contains definitions of technical terms used in
this handbook.

"The handbook is dcsigned so that it can be used to
obtain either qualitative or quantitative information.
The engineer who needs an overview of factors affecting
sensor performance can obtain a general understanding
of obscurant effects from Chapter 2 and can refer to the
defeat mechanism tables in Chapter 5 (o see whether an
effect is potentially major or minor. Qualitative descrip-
tions of natural and battlefield-induced contaminants
are given in pars. 2-4 and 2-5, respectively. Quantitative
estimates of natural obscuration can be developed from
the data in Chapter 3. Quantitaiive estimates of bartle-
field-induced contaminants can be developed using the
data in Chapter 4. Individuals who have a general
understanding of the subject may go directly o those
chapters for quantitative information. The scientist or
engineer who needs to perform systems effects calcula-
tions may refer to the descriptions of performance mea-
sures in par. 5-2and to the sample problems in par, 5-4.
‘The sample problems are step-by-step illustrations of
how 10 use the data developed from Chapter 3 and
Chapter 4o caleulate the performance of a sensor inan
obscured atmosphere,

1.2




DOD-HDBK-178(ER)

CHAPTER 2
QUALITATIVE DESCRIPTION OF SENSORS
AND OBSCURATION FACTORS

This chapter contains a qualitative description of electro-optical (EO) and millimeter wave (mmuw)
sensors, and the natural obscurants and battlefield-induced contaminants which may degrade sensor
performance. It provides the background needed to perform an analysis of atmospheric effects on sensors.
Par. 2-2 describes generic EO and mmuw systems with a brief discussion of the differences between active
and passive sensor operation for both imaging and nonimaging sensors. Par. 2-3 defines atmospheric
properties that reduce sensor performance—i.e., absorption and scattering, clutter introduction, and
turbulence. Pars. 2-4 and 2-5 include brief descriptions of natural obscurants and battlefield-induced
contaminants, definitions of the terminology used to describe them, and a discussion of the meteorological
measurements used to characterize obscurants and obscurant transport. Quantitative descriptions of these
natural obscurants and battlefield-induced contaminants are contained in Chapters 3 and 4.

2-0 LIST OF SYMBOLS n(A) = real part of index of refraction, dimen-
. sionless
C(r) = concentration at point r, g/m’ ni(A) = imaginary part of index of refraction,
CL = concentration path length product, g/m* dimensionless
C, = inherent contrast, dimensionless P = air pressure, mbar
s = apparent contrast, dimensionless P.(A\) = emitted power, W
C: = index structure parameter, m™>’ Q = extinction efficiency, dimensionless
C} = temperature structure parameter, K*/m*? Q(A,r) = scattering efficiency, dimensionless
dL(\,r) = change in spectral radiance, W/(mr) R = path length, km
dr = distance, m Rs;(A\) = sensor spectral responsivity, V/W or
E = spectral irradiance, kW/(m’um) A/W

..
|

E; = efficiency with which aerosol is dissemi- = particle radius, m

nated, dimensionless

temperature, K

h = alutude, m T. = effective atmospheric transmittance,
i = imaginary operator, dimensionless dimensionless
L = path length through obscurant, m TNr1) = temperature at point 1, K
Ls = background luminance, cd/m? T(r2) = temperature at point r3, K
Ly = apparent luminance of background, ‘ T(\) = atmospheric transmittance, dimension-
cd/m? less
L. = obscurant luminance, cd/m? T«{A) = contrast transmittance, dimensionless
L» = luminance of horizon sky, cd/m? Ts(\) = transmittance through obscurant,
L, = object luminance, cd/m? dimensionless
L = apparent luminance of object, cd/m? Y, = yield factor, dimensionless ’
L, = atmospheric path radiance, dimension- ¢(A) = mass extinction coefficient, m*/g
less a(A,r) = mass extinction coefficient at point r,
L(\,r) = spectral radiance at point r, W/(m?r) m’/g
! = distance between points 7; and 12, m ¥(A) = volumeextinction coefficient, m ™ orkm™
M = mass of particle, g ® = scattering angle, rad
M, = mass of aerosol in munition, g A = wavelength, um
% = mass of obscurant aerosol disseminated p(r) = density of the medium, g/m’
by a munition, g o = geometric cross section of particle, m*
m(A) = complex index of refraction, dimension- 0, = scattering cross section, m’
less 0s(8) = angular scattering cross scction, m*/sr

2-1
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2-1 INTRODUCTION

Aumospheric obscurants reduce the performance of
EO and mmw sensors by (1) reducing the signal radia-
tion reaching the sensor because of reduced atmos-
pheric transmittance in the sensor wavelength response
region, (2) increasing noise at the sensor due to scatter-
ing of atmospheric radiation or system illuminator
energy into the sensor, (3) introducing clutter, i.¢., sig-
nals which may resemble the target, and (4) reducing
the signal-to-noise ratio through turbulence-induced
wave-front degradation. In addition, naturally occur-
ring obscurants such asrain and snow modify the target
signature, i.e., they change the appearance of the target
to the sensor. The nature and magnitude of the effects
also depend on sensor characteristics such as (1) the
sensor spectral response, sensitivity, and resolution, (2)
whether the sensor is an imaging or nonimaging sen-
sor, and (3) whether the sensor is active—illuminates
the target and senses the reflected radiation—or
passive—relies on naturally occurring radiation re-
flected from or emitted by the target.

Par. 2.2 introduces generie EQ and mmw systems and
discusses how these systems are affected by the atmos-
phere. The remainder of this chaprer is a qualitative
description of natural obseurants and  baulelield-
induced contaminanisand is designed as a background
discussion for engineers whe are not amiliar with thewe
areas, Chapters $ and 4 consain quantitative data on
natural and battlefield obscurants, which are used in
the lustrative system performance caleulations in
Chaper b,

TABLE 2:1
GENERIC SYSTEMS INCLUDED IN THE HANDBOOK

2-2 ELECTRO-OPTICAL AND
MILLIMETER WAVE SENSORS

Because system design, target signawres, at-
mospheric effects, and the impact of obscurants on sys-
tem performance are determined by the spectral region
in which the sensor operates, the discussion is broken
down by spectral region into (1) visible (0.4-0.7 pm) and
near infrared (IR) (0.7-2.0 um), (2) thermal systems, mid
IR (3-5 um)and far IR (8-12 um), and (3) mmw (p1imar-
ily 35 and 94 GHz). The rationale for discussion of these
spectral bands to the exclusion of others (G-7 pm for
instance) is that these are the spectral regions in which
most systems operate because of the transmittance
properties of the natural atmosphere, target signatures,
and materials technology.

The generic systems addressed in this handbook are
listed in Table 2-1 by mode of operaton (passive or
active, imaging or nonimaging), spectral response, and
applicauon.

The spectral regions in which sensors can perform
are limited by the atmosphere; for a sensor o perform,
the radiation it senses must be able to pass through the
environment from the target to the sensor. The low
resolution plot of ground level atmasphetic transmit-
tance in Fig. 2-1 indicates the major aumospheric
“windows ' —i.¢., regions with generally good atmos-
pheric transminance, The regions of poor transmit.
tance in Fig. 2-1 indicate avmospheric absorption,
primarily by water vapor and CO,. The three curves
indicate a vopical atmasphere with high water vapor {
content, a subarctic atmosphere, which hasa low water

WAVELENGTH PASSIVE IMAGING

ACTIVE PASSIVE
HONIMAGING NONIMAGING -

Visibic and Near IR Eye and Day Sighis®
Feleviston (T
lmage Intenuficns (19)

Mid IR Thermal Imager
Terminal Guidance
Far IR Thermal lmaget

Terminal Guidance

Millistweier Wave
35 GHa

M GHe

*Direet View Opalics

Rangelinder {Ruby, Nd)
Designator {Nd) for Semi.
active Homing

Beamrider (GaAs)

HeatSceking Missiles
Rangelinder (C0y) Remote Detection
Beamrider (C0)
Designator (CO))
Remote Sensing (C0y)

Terminal Guidaner Terminal Guidance

Target Location
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Figuie 2-1.  Aunospheric Transmitiance T(A) vs Wavelength A (Rel. 1)

vapor content, and a typical US or midiatitude stmos.
phere, which has @ moderate water contemt. Thear
curves tHustrate the effect of water vapor corgent on
thermal transmittance. Millimeter wave iransimittaney
is best in the stmopheric windows at 33 Gile and
M GHe, with severe waiet vapor and oxygen absorp
tion limiting the welulivss of other mmw lsequen-
rien, * The actual transmivany e within the aunopherie
windows will be derermined by Jocal meicosological
condivions,

For EQ wwwrs, obwuration can be caused by the
natural atmosphere (including fog, rain, and stww jand
batthetichd smoker and dusi. The major obscurantys at 33
G and 9 GHe are anillery-producey! debris, atinos-
phetic moisture, and precipitation; surouletxe wxnee
times reduces the mmw system signal-to-noise ragn.

The ellec v - 'ens of an obscurani againt a swensor i«
dependent « - nly on the obscurant {und obscuran

*Limited-rangr vovest swatern may be desigined e opersie in
teggions of poor atmasphietss tranvniance w henit dae pos-
ubility of detertion.

roncentration) but alwo on the seisor design. Selection
of 2 wnsor spectral operating band within un aimos-
phene window depends on the tanget characteristics,
the background against which the et must be
etecied, operational wenatios, wisor design, and
materials technology.

Passive systems rely for their aperation on diflerenees
between the target and backgroumd scene, Visible and
near IR sensors detevt differences o reflected natural
Humination—sunlight or moonlight. Passive thermal
syerenm detect the difference io emitted radiation in ihe
sene cotte ponding 1o temperature and emissavity dil-
leremees in the 3:5 o 802 pam speviral band. Passive
senisors are aflecied by teduction in atmosphetic ttan.
mittance, which reduces the signal at the sensor; by
scatiering of ambient radiation into the sensor licld of
view (reducing the apparent contrast of the target); amd
by cluster, or wrget-like objects in the imagery.

Active target acquisition systems, which usc a laser or
lamp wurce 10 illuminate the aget, do oot iely on
natural illumination or emission. Rather, these spesc-
trally narrow sensors rely on the aarget refles tance at the

2-3
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illuminator wavelength 1o provide the sensor signal.
Active systems generally use coherent sources, such as
lasers, rather than broadband (incoherent) sources.
Coherent sources are spectrally very narrow and have a
narrow spatial beam divergence which concentrates the
illuminator energy in a narrow angle (usually 0.1 10 0.5
mrad). The narrow spectral line width permits spectral
filtering of the detected signal to reduce background
noise. Active systems may be affected by (1) the reduc-
tion in atmospheric contrast transmittance, (2) changes
in target reflectance at the ilumination wavelength,
and (3)aunosphericscattering of the illuminator energy
back into the system receiver, which may cause false
alarms. Multiple scattering of laser radiation by fogs
effectively increases background at the illuminator
wavelength. Systemns that depend on laser sources are
also narticularly susceptible to (1) atmospheric turbu-
lence effects, which can cause spreading of the illumi-
nation, (2) beam wander, which reduces illumination
on the target and at the receiver, and (3) beam breakup,
which is seen as a “spottiness” in the flluminating
beam.

2-2.1 VISIL. ND NEAR IR SENSORS
(0.4-20 )

The visible spectral region, 0.4-0.7 pm, includes
those wavelengths of radiation to which the human eye
1s sensitive. EQ systems operating in this region include
direct view optics, TV systems, and ruby laser range-
finders. First and second generation image intensifiers
(IYy operate in the 0.4-0.9 pm spectral region, which
includes both the visible spectrum and part of the near
IR region: second generation image intensifiers operate
in the 0.6-0.9 pm band. TV systems, depending on the
photocathode or photoconductor used, may respond to
both visible and to near IR radiation. Neodymium laser
rangefinders and designators operate at 1.06 um.

Visible and near IR passive imaging sensors use
ambient radiation reflected [rom the target and target
background to form the scene imagery. Daylight sys-
tems, including the eve, direct view optics, and day TV,
depend on reflected solar radiation. Image intensifiers
(17) depend on the reflected night sky radiance. The
image quality of these systems depends on the level of
ambient illumination, the relative reflectance of the
target and background scene elements modified by
atmospheric contrast reduction, and on the sensor
responsivity, Atmospheric contrast reduction has two
principal causes: (1) radiation reflected rom the scene is
attenuated by absorption or scattering and (2) stray
radiation is scattcred into the sensor. In nonimaging
systems, atmospheric absorption and scattering reduce
the signal received from the target and increase noise.

The primary natural atmospheric effect in this spec-
tral region is aerosol extinction, the scattering of radia-
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tion by small haze particles in the atmosphere. The
atmospheric transmittance in both the visible and near
IR regions scales rather closely with visibility, except in
extremely clear weather when absorption and scatter-
ing of radiation by gaseous atmospheric molecules are
the only remaining factors. Changes in absolute
humidity have relatively small effects, except in their
contribution to aeroso! particle size growth. Rain,
snow, and fog reduce the effectiveness of passive imag-
ers by reducing atmospheric contrast transmittance and
by reducing the natural illumination level. They scatter
active illumination. Snow cover also changes the target
contrast. Cloud cover, by itself, reduces the performance
of passive visible and near IR systems by reducing the
ambient illumination.

2-22 THERMAL SYSTEMS (3-5 and 8-12 um)

Systems operating in the IR spectral regions include
passive mid IR (3-5 pm) and (ar IR (8-12 um) thermal
imagers and terminal guidance systems, some modern
missile seckers (4-4.5 pm), and active CO; (10.6 gm)
rangefinder, designator, beamrider, and remote sensing
systems. Active coherent imaging systems using CO;
laser illuminators are in development. Older missile
seckers may operate in the 1.7-3.5 um spectral region
because of detector technology limitations at the time
they were designed.

Thermal imaging systems* detect and image the nat-
urally occurring differences in radiation emitted from
orreflected by the target and the background scene. The
imagery is generally not affected by ambient illumina-
tion, c¢xcept in the presence of IR-reflecting back-
grounds, such as water at shallow grazing angles. A
thermal signature of a target is usually expressed as the
temperature dilference in kelvins between the average
target temperature and the background temperature
referenced to a 300-K background. Forambient temper-
ature targets, the radiation peaks at about 10 um. For
hotter targets the spectral peak shifts to shorter wave-
lengths. For aircraft engine exhausts, the peak is in the
4-4.5 um region. For active systems such as CO; laser
radars and rangefinders, the target signature depends
on the target reflectance at the illuminator wavelength
rather than the target .emperature.

The atmosphere impacts the performance of EO sen-
sors operating in the thermal band by reducing the
apparent target signature by transmittar.ce losses and
by weather-driven changes in the target signature. Path
radiance is not significant except in low visibility con-
ditions or over long distances. Visibility is not in gen-
eral a good indicator of thermal system performance

*Forward-looking infrared (FLIR) systems are thermal imag-
ing systems developed for use in aircraft; the acronym FLIR
is often used to indicate any thermal imaging system.

Best Available Copy




because thermal systems are relatively insensitive to
haze. They are, however, affected much more than visi-
ble systems by variations in atmospheric water content,
The primary mechanisms {or atmospheric extinction
within the thermal bands are water vapor absorption,
CO, molecular absorption, and aerosol extinction,
including water (fog and clouds). Increases in absolute
humidity significantly reduce the transmittance in the
thermal bands. Higher humidity conditions may also
reduce transmittance by causing aerosol particle size
growth, particularly in the salt spray particles of mari-
time atmospheres.

Aerasol extinction due to rain, snow, and fog signili-
. antly degrades thermal sensor performance by attenuat-
ing signal radiation and scattering background radiance
into the system detector, which increases the noise level,
The extent of extinction due to fog depends sirongly on
the aerosol particle size distribution and cannot be pre-
dicted solely from visibility. Aerosols ol maritime
origin degrade system performance more than acrosols
of continemal origin; in low visibility conditions (less
than 2 km), sensor performance varies suongly with
acrosol type. For active systems, backscatter from natu-
ral aerasols must be considered because it will increase
noise at the lumination wavelength; in moderawe to
heavy rain, snow, and fogs, muluple sattering effeas
must also be considered. For nonimaging active sen-
sors, the impadtof added in-band notse is o decrease in
target accquisition probability and an increase in falswe
alarm rate.

Poor weather also degrades passive thermal imager
prriormance by reducing the tegen signature. Inover.
cast conditions arger and backgiound signatures of
pansive targets tend to U winh out™” w i umiform e
ature. Active targets sach as exete iwed tanky min, hows
over, statd vut more strongly agamst this background.
Rain and sow wuol the targets and backgrounds,
which leads 1o a e unifors, wmperatuee distribu-
tion atross the wene, Rain, stow. and wet fogs alw alier
Aty e st target agnatures by changing the target
and background refle tance characieristios

223 MILLIMETER WAVE SENSORS (35
and 94 GHy)

Millimeier wave applications currently undet devel.
apment indude 35 GHzand 1 GHe cevminal gwdance
winars, which ate active nomimaging systenns, and
35 GHr pavive nonimaging terminal acquisition
SCNMOH,

Atmosphetic extinction at mmw and neat mmw he-
qQuencies s dominated by warer vapor, liguid water,
and oxygen absotprion. The beat “windows™ in this
region are near 35 GHir and 4 GHe. Millimeter wave
system perfurmance is generally unaliected by atmos-
pheric haee. Fog, rain, and snow all impair the perfor-

DOD-HDBK-178(ER)

mance of mmw sensors. Fog reduces transmittance
because of the increased liquid water conter 2 the
atmosphere. Rain and snow scatter and absorb mmw
radiation; backscatter from drizzle can cause serious
signal-to-noise degradation.

2-3 FACTORS THAT AFFECT EO AND
MILLIMETER WAVE SENSOR
PERFORMANCE

The aimosphere reduces the amount of signal radia-
tion reaching a sensor from the target. It may also
introduce noise in the sensor band and reduce signal
quality. The atmospheric parameters used to character-
ize this signal degradation—atmospheric extinction,
transmittance, contrast transmittance, and turbulence-
are defined in the paragraphs that follow. Clutter is
defined in par. 2-3.5,

2-3.1 EXTINCTION—ABSORPTION AND
SCATTERING

Extinction is defined as the reduction, or anenuation,
of radiation passing through the aimosphere. Extine-
tion comprises two processes: absarption of energy and
sattering of encrgy. In absorption, a photon of vadia-
ton iy absorbed by an aunospheric molecule or an
aerosol particle, In scantering, the direction of the inei-
dent radiation s changed by collisions with atmos.
pheric molecules or aerosnl particles. Atmospheric
extinction depends on the type, siee, and concentration
of the aunospheric constituents and the winelength ol
the electromagnetic radiation.

Absorption of radiation by atmaspherie gases and
water vapor causes signilivant exstinction in the IR
banda. Absorption is suongly was. length dependent;
the absotption winelengthy must corespond 10 the
enerRy dilfesences between the ditferent rotational and
vibrational states of atmospheric molecules. Abse o
ton by natural atmosphers gases, including o
vapot, is dewtibed in par. 20 Absorprion vsually
dominates watiering at IR and nunw wavelengtha,

Scattering is the major oo o visible exting ton but
may abw be smportant at IR wavelengths. Scattering by
rain atd wnow is the major atmophictic inw attenua.
ton e hanism. The satienng thaacteristiosol o par.
1 de are quantibicd using 4 wattetmg ctoss s tion. The
s Atierng cruss secton g, is defined as that fos weion
of an incident wave, acted an by the patticle, having an
atea such that all the powets Huwing st it nequal to
the total power swaticted in all dicections. The effec
tivenew of an obscutant as a wattenng medium depends
on the ratio of the obscurant particle sise 1o the rada-
tiun wavelength. Scattering eflectivencss is given by the
saatiering olliciency Q(A.r) which iv the ratio of the
elfective saatierisng cross section of & particle of radius ¢
10 s Rrometric cToss wction as
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Qan == 2 [, 0,(8)sin6d,
r r
dimensionless (2-1)

where
r = particle radius, m
0;(8) = angular scattering cross section, m? sr
# = scattering angle, rad.

It the particle size is much smaller than the radiation
wavelength, Rayleigh scatiering results, and scattering
efficiency simplifies to the expression

8 . Wr'[aA — 1T

A. = - 2 S 5
QAN = e )+ of
dimensionless (2-2)

where
n(A) =real part of index of refraction,
dimensionless.

If the particle size 1s much larger than the radiation
wavelength, the scattering efficiency may be calculated
using geometric optics. The complex Mie scattering
theory must be used for calculations in the scatiering
resonance region where the particle size and radiation
wavelength are ol the same order. Fig. 2-2 shov:s Q(A,r)
as a function of the particle size to wavelength ratio for
water droplets. There is a A™ dependence of Q(A,7) in
the Rayleigh scattering regime (particle size small
compared to wavelength) shown at the left in Fig. 2-2,
an increase of Q(A,r) to about 4 when the wavelength
and particle size are about the same, and an oscillating
value of Q(A.r) converging to about 2 for the geometri-
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Figure 2-.2.  Scattering Efficiency as a Function of Particle Size 10 Wavelength Ratio for Small

Water Dropleis (Ref. 2)
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cal optics region (shown at the right) in which the
particle size is much larger than the radiation wave-
length.

The direction in which the radiation is scattered
depends on the type of .cattering. For Rayleigh scatter-
ing, the energy is scattered about equally forward and
backward. As the particle size approaches A/4, the scat-
tering shifts predominantly to the forward direction.
Mie scattering is almost entirely in the forward direc-
tion. This is illustrated in Fig. 2-3. Table 2-2 summa-
rizes scattering effects.

Particle sizes for several common obscurants are
given in Table 2-3. From therelationships in Table 2-2,
itis clear that the atmospheric molecules (10™ ym) will
be minor scatterers for visible (0.4-0.7 um) and thermal
systems (3-5 and 8-12 um). Scatt  ng due to haze and
fog oil will primarily affect visible systems; fogs and
clouds will scatter both visible and IR radiation. Dust
will also scatter visible and theymal radiation. Only
rain and snow will be significant scatterers for mmw
systems: 34 GHi [requency corresponds to a 3-nun

DOD-HDBK-178(ER)

27 _ Incident
¥~ Radtation

(R) Mie Scattering

% Incident Radtatic~

(B) Rayleigh Scattering
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Reprinted with permission. Copyright © by John Wiley &

Sons, Inc.

Figure 2-3. Scattering Direction for Mie and
Rayleigh Scattering (Ref. 3)

wavelength, which is the approximate size of raindrops
«id snowflakes.

The theoretical Mie curves only apply 10 mono-
dispersed aviasols. Most pracuical ight-scauering prob-

TABLE 2-2
EFFECT OF PARTICLE SIZETOWAVELENGTH RATIOON SCATTERING DIRECTION

EFFECT

SCATTERING THEORY
PARTICLE RADIUS USED
Less thand 10 Rayleigh scattering
Greater than a 10 Mie swatiering
About A 4 Mie sattering
Greater than A Mic sattering

Greater than 100 Grometric oplics

Symmetric seattering: varies as (particle solumera
Maximum scatiering

Scatiening montly in forward dircction: some spread
Almoat entirely forward scattering

Refraction, reflection, or Jiffraction

TABLE 2-3
PARTICLESIZE ANDSCATTERING EFFECT OF ATMOSPHERICOBSCURANTS (Ref. 4)

SCATTERING® EFFECT

APPROXIMATE PARTHCLE MILLIMETER
ORSCURANT DIAMETER, um VISBLE m WAVE
Atminpheric Molecule 1w RS RS RS
Hare 0. 10" RS-MS RS RS
Fog 0.5 100 MS-GO MS RS
Clnad g 200 MS-GO MS RS
Rain 10° . 10 GO GO MS
Snuw 5x10' . 5x10' GO GO MS-GO
Fog Oil (meon siae) 1 MS-GO MS RS

Aitborne Duss t-10 MS-GO MS RS

SRS = Rayleigh satirring
MS = Mir saticring
G0 = grometsi ot
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lems will be related to polydispersed aerosol systems.
Since the ligi. -scattering properties depend very strong-
ly on particle size, a mean or effective particle size is of
little value in determining the expected scattering
result. A statistical description of the aerosol particle
size distribution must be found, and an effective effi-
ciency factor determined. It is found that this approach
dampens the Mie resonances and results in lower scat-
tering efficiencies, with a smoother shape to the scatter-
ing curve.

2-3.2 ATMOSPHERIC TRANSMITTANCE

Theatmospheric tansmittance T(A), overaspecified
path length, is defined as the ratio of the received power
to the emitied power. It depends on the wavelength of
the radiation, the length of the atmospherie path, and
the type, size, and concentration of the atmospheric
constituents.

For monachromatic (single wavelength) radiation,
the change in spectral radiance d(A, 1) across a distance
of dr may be expressed in terms of a mass extinetion
coeflicient atA,r) by

dL(A.r) = ~a(A,r) LA 7)p(v)dr, W. (m?si)(2-3)

where
Lidn = spectral radiance at point 1, W (in?sy)
plr) = density of the medium, g m*
afA.r) = massextinction corfficient at poiner,
m g

The mass extinciion cocflicicnt is used 10 calculaw
extinetion by obswurants such a battleficld smoke and
atborne dust. These obseurants may have a broad dis
inbution of particle siees and 2 sonuniions concentra.
ton over the sensor-to-target path.

1 the attosphere i assiimed 1o be uniform, which
the usual asumption over a lacaliand ground level
path. then the extindtion for a given aimosphere
simply a function of the wavelength of the tadiation
and its atinosphietic path leagth. Iean be expreswd in
tevms of a volume extinguon cocllicient y(A) as

A, : :
dihn) _ —7(AMR, dimensionless (2-4)
1.(A.r)
whete
R = path kength, kin.

For avotv htomatic tadiation gropagating theough
the atmosphere, tansmittatee TIA) lor radiation of
wavclengih A o given by Boet's Law as

TAA) = ¢ ** dimensionless.  (2-5)

Often an “effective atmospheric transmittance” T,
over a sensor spectral band is defined as the ratio of the
received power at the sensor (o the target signal emitted
power Po(A) in the same spectral region, weighted by the
sensor spectral responsivity Ry(A)

SRPQORMNTNN
T.= = , dimensionless,
[2Pa RN )N 5.6)

This broadband transmittanc~ does not necessarily
scale exponentially with range because of the structure
in the atmospheric absorption spectrum. To under-
stand this, consider a spectral region for which trans-
mittance at | km is 0.1 in half the band and 0.9 in the
other half, for a band averaged transmittance of 0.5. At
2 km these ransmintances reduce to 0.01 and 081,
respectively, for a band averaged transmittance of 0.41,
mstead of 0.25—(0.5).

The designer should pote that systems operating in
the same spectral region and the same atmasphere may
be affected differently by atmospheric transmitance if
the target-sensor geometry differs. Fig. 2.4 shows two
direet view growmetries: one requiring one-way rans-
mittance through the atmosphere (beameider) and one
requiring a two-way path through the aimosphere
(angelinder). In Fig. 2-4A) the radiation must be
transmitied a distance R 1o the target from the laser, and
transmittance is given by Fq. 2.5

In the tangelinder application shown in Fig. 2-4(B)
the rachiation must be propagated to the target, reflected
off the target, and be propagated back 10 the sensor.
Thus the path length R is twice the range to the arget.
The effect ol a highly attenuating aunosphere isclearly
mach more severe in the woond case.

A thitd case ewcun i the syatem must perform over
twa different atmospheric pathy, as in the case of the
laset designator shown an Fig. 2.5, Here, the illumina.
tor enctiy teadhes the et over Path L and s oeflecind
tothe toveivet et Panh 2 A lovalind obwutant such as
a vneke tound i cither path provents propes swviem
apetation. Hihe wtility of a system depends on woson
opetatng at iwndiflerent wavelengtthy, the enginecting
analysis must consides both speciral regions. A forwand
obwrver acquitey a target visually and designates n,
using @ NEYAG Laser designat, for a weapon find
trom another position, as i Fig. 225, In this cawe, the
operability of the systern depends on vistal acguisition
wpassive 0.4-0.7 pm transmittance ovet Path 1), s
ful designation (1.06 gm laser transiniitanse onet Path |
amd Path 2), and suceessiul laver tracking (1.06 pm
wanwmiance over Path 21 Inwcoupiion of the visual
hioe of vghit (1.OS) o 1.06 gm 1LOS on either path (o
several seconds coubd reauh in the missile bivaking lock
on the arget. The visual LON is nevesary loe designa-
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Figure 2-4. Direct View Geometrics (Rel. 5)
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233 CONTRAST TRANSMITTANCE

Atmenphetic tansmittam e foses teduce the larget
agnal at the winvor, Atmerphetic wattening of anbient
radiation into the winvor may lutther degrade the s
signal-to-toie ratis. This atmosphetie contrast sedie
ton s parte slatly imponant fos vable and wear IR
IMARIAR swrtein bevause they ate womitive 1o natarsl
iHumination sunbight and avsmbight) and bovanse

naturally ocourring bare s o goend wancer of this
cnrtry. Theinherentvontrast C, beiween iwoobjec i
delined® us

....‘l“~

C. = . dimensionless  (2.7)

«h

* {hewe expeessiont apgshy e vable amd aear IR aadiaton
Candelas are phesoptne units sesmanalized o the buman eve
tramnne et ot sadioinetn detes o the corigy fom
the sbint i expreaasl as cashame e i nmite ol Wi

Figure 25 Target Acquisition Geometry, Designator not Collocated With Sensor (Ref. 5)
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where
L, = object luminance, ¢d m?
L» = background luminance, ¢d m?

An object at some distance R from the sensor will
have an apparent contrast that depends on the object
and background luminance as modified by the atmos-
phere. This atmospheric effect will include both absorp-
tion and scattering of the target luminance out of the
sensor LOS, scattering of ambient illumination into
the LOS, and emissions by atmospheric gas molecules
along the path (aumospheric path radiance L,). Ther-
mal contrast may also be reduced by aumospheric path
radiance.

The apparent contrast €5 of an cbjectat distance R
ageinst its background i
'

Li—1y . .
() = ——  dimensionless

L

(2-8)

whete
1o = LT+ Ly = apparent luminance of ob
et od md
13 = 12T+ L = apparent lominaee of bk
groumd, «d mé,

Conmtrast ansmiiianee ToA) w the rato of apparem
contrast W anherent contrast amd 1 given by (Rel. 6)

TN = % = -;-'%T(A). dimensionless. (2-9)
i) -+

H thete 1 no sugnibivan s atiening of radiation i
the wns by the atmophete along the path ief lan
eqal o L), then

Ge = C.T(A), dimensionless  (2:10)

1 the 1atger contrast depends sitongly on the back.
ground lummamee as in the aw of a tanget agams an
ratth bat kggroumd, then (Red. 6)

).
.=, !I - l-"-"il - T(A)"l‘ '
{ f
dimensionless (2-11)

whete
1.4 = luminaner of hotison ky, od m?.

Fhe quantity 2 Lasncalled the shy to-ground tatio,
In xenctal, the sky-to-groamd 1atio deciraws with
s rcasing viubihis ;i Genoal Eutope, o asually lalls
Yrtwern 2.0 and 50 (Rl 7). Dypucal valurs lor the

2.10

sky-to-ground ratio for a visual system operating in
daylight conditions are given in Table 2-4.

TABLE 24
SKY-TO-GROUNDRATIO VALUES (Ref. 6)
SKY GROUND SKY-TO-GROUND
CONDITION CONDITION RATIO
Clear Fresh Snow 0.2
Clear Desert 1.4
Clear Forest 5
Overcast Fresh Snow I
Overcast Desert 7
Overcast Forest 25

Unlike sumospheric mransmittance, contrast trans-
mittance along a path depends on the position of e
sun or other light sourees 1elative 1o the trget and
obseiver, In the Micscattering regime Horward seatter-
INR), conttast transmittance is hetter with the light
souree behind the sensor. Additional ambientillumina.
ton is sattered into the ficld of view of a sensor facing
in the dirsction of the sun or up at the night sky, This
seattered light reduce ihe appatent target contrase.

I a licalized watteter such as an obsurant cloud is
prowent between the target and v nsor, the contrast
equation must inchade the doud luminamvee:

TuA) (La — L+)

A o

, dimensionless (2-12)

whete
T4A) = rammittance  through obsturant,
dimenuonien
1. = obvusant luminance, od w2

234 OPTICAL TURBULENCE

Optual turbulencr i a tern used to desctibe ume-
vatving loval fluctuations in the index of tefsaction of
the atmosphere. The nonunilormitios are cauwd by
walised tempetatute Huctuation which el in
“cells” of dillerent wmperature and teftadtive index.
The intenaity of the turbulence i desenibed by the index
sixture paamewer (2 or the lemperature structure
parametet G Turbulence cell size is chasacietioed by
two measires, Je innct sabe and the © uter sale, The
wnnct smale of tutbulencre is the meastae of smalt, koal
tefractive index (luctuations; it is 1« aally on the arder
of several millimeten, The outer saale of tutbulctee, (o
alutudes A within several meters of the ground, is usa-
ally about &:2 (Rel. 8).




e = w— -

For ranges between the inner and outer scales of
turbulence

[ 2
Cz P qT(rl)[)/jT('z)]> , KZ/(mZB) (2.13)

where
T(ry) = temperature at point rj, K
T(r2) = temperature at point r;, K
L= distance between r, and 12, m
< > = ensemble average.*

C: and Cf are related by

c= —"9‘—' Ct m'¥ (2-14)

where, for dry air and optical wavelengths, the varia-
tion of the real part of the index of refraction n(A) with
temperatare is given by (Ref, 9)

9%(7’,‘—) 7;’f><10 K" (2-15)

where
P = air pressure, mbar
T = temperature, K.

The effects of turbulence on EQ systems are mos:
pronounced for coherent systems (lasers), where e
interference with the optical wavefront propagation is
most critical. Turhvlence-in 'niced beam degradation is
manifested in shoit-term s illation—i.e., localized
high-intensity patches and nulls in the propagated
heam~and beam wander—i.e., direction change of the
beam centroid—and a longer ierm beam smear—i.c.,
spreading of the spot by twbulence-induced direction
fluctuations. In imaging systems strong turbulence
may resultin image smearing—the loss of high spatial
frequency information. Turbulence-induced index fluc-
tuations have the strongest effect at visible wavelengths
and lesser effect at thermal wavelengths. Millimeter
wave systems are insensitive to atmospheric tempera-
ture fluctuation but respond 1o localized fluctuations in
absolute humidity, which cause changes in the refrac-
tive index at mmw frequencies.

Turbulence is the least pronoanced shortly before
dawnand after sunset. It is strongest in the middle of the

*A statistical ensemble is an assembly of a farge group of
systems each satisfying a particular set of conditions. Au
ensemble average is an average value over all systems in the
ensemble at 2 particular time,
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day. An excellent summary description of turbulence
calculations is included in Ref. 9.

2-3.5 CLUTTER

Clutter is the presence of “‘target-like” objects in the
imagery. Clutter level is a measure of the number of
background scene elements that appear to resemble a
target on the sensor display or to the sensor signal
processor. Clutter occurs iu the visible because of differ-
ences in the reflectances of naturally occurring objects;
in the IR because of differe:..es of tc. .perature among
rocks, trees, and the earth; and in the near mmw region
because of differences between tree and ground reflec-
tance and because of multipath interference due to mul-
tiple reflections off the ground.

The atmosphere reduces the sensrr signal-to-noise
ratio; this often makes it dilficult to discriminate
between actual targets and clutter objects. In addition,
clutter caused by battlefield-induced contaminants may
mask actual targets or result in difficulty in discrimi-
nating real targets from clutter. For example, under
severe atmospheric atienuation conditions, a thermal
sensor cannot resolve high spatial frequency target
information, only hright and dark spots. If the attenuat-
ing medium also contains exo “ermic sources, such as
white phosphorous (WP), hexachloreethane (HG), or
high explosives (HE), the problem of discriminating
the obscurant-induced **hot spot’”” becomes more diffi-
cult. The observer either increases arget acquisition
time, reduces target acquisition probability, or isforeed
to increase the false alarm rate.

2-4 NATURAL OBSCURANTS

Naturally occurring atmospheric obscaramts iaclude
aumosphe ic gas molecules, water vapor, hiee, fog. rain,
and sncw. The extent of extinction due to these obseur-
ants depends an the radiation wavelengih as wellas the
concentration of the obscurints, Sensors e gencrally
designed 1o operate in atmospheric “windows™, spec-
wal regions which exhibit generally good tinsmit-
tance under clear aumospheric conditions. These win-
dows are determined by absorption and scatering by
atmospheri. gas molecules, Withineach window, daily
and seasonal weather fluctuations will change the
atmospheric transmittance, The iempactof these Huciua.
uons—the distribution of atmospheric wansmitianee
values expeeted in i given location—and target signa-
e variations will determine the performance of a
sensor, 1.¢,, how often the sensor will meet spevified
requirements, such as target acquisition range. This
paragraph qualitatively describes the effects of naw.
rally occurring obscurants on visible, IR, and mmw
SENSOrs,

2-11
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Figure 2-6. Solar Spectrum as Seen Through The Earth's Aimosphere (Ref. 9)

2-1.1 WATER VAPOR AND GASEOUS
ABSORPTION

Fhe main extinction cifects from amospheric gases
are shown in the observed solar specirum in Fig, 246,
Phus ligure shows solar tadiation as propagaied through
the atmosphere and indicates the atmmphicric gaseous
absurpion. Table 2-5 summarizes the majos atisos.
pheric attenuatorn in cach spectral tegion and indicates
the loval variatility in the absorber concentration. Only
winter vapor shows strong Jocal vadiations in comentra-
non. The concentraations of atner gases have fairly sta.
ble profiles with slight Jocal vatiaiions. Atmaspheric
demaity devreases with alutude; the comcentiation pro-
files of atmosphicric gases with altitade are well doc-
mented for “standand” atmosphetes sepresentative of
North American, Ewopean, topival, and antic ohi-
mates (Red. 1),

1¢
—_—
e

Atmospheric gases do not cawse sigaificant absorp-
von in the visua! window. In the IR region, water vapor
and GOy are the mostimportant absorbers. Water vapor
content is also the most variable of the gaseous atmos-
pheric constituenta. Thus absolute humidity isa sirong
determinant of theamal sysem pedormance. Carbon
dioxide is a strong absarber in the inirared regions and
strongly alfects the ine cmitters such as CO; Rasers, b
ground level amosgheric CO; content is not highly
variable. Millimeter wave radiation is sirongly atienu-
ated by water vapor and osygen abaorption.

242 HALE, FOG, AND CLOUDS

Hie, log, and clouds are all namrally ocouniog
aunopheric actosols. Hare relens to anall particdes
suspended in the atmosphere. 1o may include dust, var-
bon particles. salt spray, o1 industrial pollutants. The




TABLE 2-5
MAJOR NATURAL OBSCURATION MECHANISMS FOR VISIBLE, IR, AND
MILLIMETER WAVE RADIATION
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MAIN EXTINCTION MAJOR ATMOSPHERIC
SPECTRAL WINDOW MECHANISMS ATTENUATORS VARIABILITY
Visible and Near R Molecular absorption 1) Not highly vanable

Aerosol scattering
Aerosol absorption

Mid IR Molecular absorption
Water vapor absorption
Aerosol scattering

Far IR Molecular absorption
Water vapor absorption
Aerosol scattering

Molecular absorption
Water vapor ahsorption
Acrosol scattering

Millimeter Wave
35 GH:, 4 GH.:

Haze, fog, precipitation
Haze, {og, precipitation

CO;

H,0 (absolute humidity)

Fog, precipitation (lig-
uid water content)

CO,

H;O (absolute humidity)

Fog. precipitation (liq-
uid water content)

Q;

H:0 (absolute humidity)

Precipitation (liquid
waler content)

Snow (rate and hiquid

Highly variable
Scales to visibility; highly
variable

Not highly variable
Highly variable
Highly variable

Not highly variable
Highly variable
Highly variable

Not highly variable
Highly variable
Highly variable

Highly variable

water content)

type, sier, and number density of these panticles will
vary with location. Atnospheric aerosol particle siees
may vary from 5%10 ' pm up o 10 gy these small
particles satter atmospheric radiation; the sattenng
intensity ata given wavelengih is determined by parti-
e siae, compaosition (as it atteons index of refracuon),
and concenttation. The novmal background hase con.
tains partic les that peak insiee atabous 0.01 pm: indus.
trial polluantyin diy o modera humidity conditions
have particde vizes on the order of wnths of miciometens,
I the abence of fog o precipitation, swatterng from
these panticles is the principal exvinetion mechanism
for visual uadiation. In high humidity cases Gelanive
humidity above B0%), these acsosol particles iay by
drate, which canses partic Je sizes 1o grow to the ondey of
1 am or somnewhat langer: thewe acrosol pasticles still
atenuate visual radiation more than theomal radiation.
When the tempetature approa hes the dew poing, thew
particlecactascomdensation sites Lot atmosphicrie water
vapor, which facilitates the fotmanon and growth o
fog droplets amt cloud dsoplen, with siees on the order
of 10 uym.

he distinction between fog and hase is vanowha
atbitrary. Good working definstions are that “fug’’ e
fers 1o visibilities of one or two Kilomelers or Jess and
that "hase” is used 1o dew ribe atmosphenes with visibili-
tics greater than one of two kilometers. Hares waally
conuin particles in the -pm o submicromew? wnge.
Fogs rontain droplets in the -um o 10-am range.

Clouds are also composed of water droplets in the 10-
wn sige range; the normal working distinetion between
clouds and fog is one of ol droplet namber density
(Hiquid watey content) and altitude.

Fogs are often categorized by their lormation medha-
nism, A vadiation fog is formed by radiative cooling of
air to atsdew point. Thus radiintion fogs usually ovcw
under cdear or partdy clowdy conditions. The verdeal
extent ol radiation fogs iy Bmited, waally W oasde
about 50 m. Advection fogs e formed by verideal nus.
g of airat diffeientemperatueo often with watim o
cold fronts untl she an reshes the dew point. An
adved tion for charaoeriad by given visthiliny will e
W omore swvere G IR atienuator than o vadution log
with the same visuad taamanitunee ecise of the difs
ference in pattiele st distibutions heiween the loggs,

Clossds anad Togs b seduce aatural dlaminaiion,
The tower ambivst light ovel reduces cissal and neus
IR swatem performance. Gloud cover also reduces solag
iolaton and thereby canes @ “washiing 0w of pas.
sive thepmal signattires, Astive thernad Girgen may,
haowever, show up moredearly in these aramstances,

2-4.3 RAIN

Rain is a significont sarterer i the vsible, theomal,
atd mmw wavelength regions. Depending on she vain-
fall vaie, che intenssty of a rain can be dewosibed as heasy,
moderate, m light as shown in Table 2.6, Rain parin e
sises range from about 100 um tor drizele o several mm
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in thundcrstorms. They are large enough compared to
visibleand IR wavelengths that scattering due torain is
relatively insensitive to wavelength in the visible and
IR regions.

TABLE 2-6
RAIN RATE TABLE (Ref. 4)
RAIN
INTENSITY RAIN RATE

Heavy More than 7.7 mm per h
More than 0.77 mm in 6 min

Moderate 2510 7.7 mm perh
0.25 10 0.77 mm in 6 min

Light Less than 2.5 mm per h

Maximum 0.25 mm in 6 min

Visible and IR attenuation through rain may be cal-
culated using only rain rate and rain particle size distri-
bution (drizele, widespread rain, or thunderstorm) (Ref.
10). Avmillimeter wavelengths, rain tsan Mie scatterer,
and the scattering is strongly dependent on raindrop
size distribution. Drizele produces relatively larger
mmw extincuon cocfficients (for a given vain vate) and
the highest hackscnter coefficients. Surprisingly, thun-
terstonms have the smaller relative miw extinetion
coefficients with respect (o rain rate because of the pre-
domunance of harge drop sizes,

Ravin may also change the apparent target sighature
by changing the target sarface rellecance characteriss
tios (for passive visual wnsors or active itluminaors;
and by “washing out” the emperature differences ina
thermal seene

244 SNOW

Snow s g sighilicant scatterer for vistbie, IR, and
mmw radistion, In the visible amd IR wegions, smow
partile stzes are much Laeger than the wavelengih, so
extinditon due s snow can be waled 10 visibiling
through the anaw. At high relatuve humitedy (D95%),
Yowever, o may lorm with the snow. I this cawe,
thermal extin i i snow depeds not only on visibil-
ity baat alss on eanperature amd relative humidiny,

1t on mmw exunction and backscaiter in show are
sery bimied, Extiaction depends on spow sate and on
stiow pattic e sige distribution. Carrentmodeb ase rin
oquevalent spow rate and wow  woinen (based on
wemperatare) o establish extindction and backssuer
cocflivients lor snow (Ref. i),

245 BLOWING DUST

Blowing dust and sand may bevome sigailicant in
seddun ing wansmidance or denying an LOS in lications

214

with heavy wind; loose, dry soil; and little or no vegeta-
tive cover. Airborne dust scatters visible, near IR, and
thermal radiation. The scattering shows little spectral
sensitivity in the visible and near IR bands because of
the relatively broad particle size distribution; transmit-
tances losses in the termal bands are slightly lower than
in the visible and may show some spectral dependence.
Blowing dust is not a significant obscurant to mmw
systems.

2-5 BATTLEFIELD OBSCURANTS

The sensor used on the battlefield will have to operate
in the presence of battlefield-induced contaminants in
addition to naturally occurring atmospheric obscur-
ants. These obscurants include countermeasure smokes,
vehicle- and munition-generated dust, and [ire prod-
ucts. The effect of an obscurant on sensor performance
will depend on the obscurant, the sensor, the environ-
mental conditions, and the way it is deployed. Battle-
field obscurants cause extinction, contrast reduction,
LOS interruptions, and an increase in ¢« lutter or false
wrgets.

Battleficld-induced contaminants are described quali-
tatively in this paragraph. Parameters used for labora-
tory and field characterization of smoke effectiveness
are deflined in pars. 2.6 and 2-7. The effects ol meteoro-
logical couditions and environmental factors on obscur-
ant generation and transport are treated in pars, 2-8and
249.

2-5.1 SMOKES AND OBSCURATION
MATERIALS

Smoke may be employed on the battlelield for both
offensive and defensive actions, Smoke has live general
applications on the battdeficld: obscuration, wreening,
deception, identilicavon, and signaling.

“Obscuration smoke is smoke employed on or againgt
the vnemy o degrade his vition both widhin and beyvond
his location. Smoke delivered o an enemy antitank
guided missile (A VGM) position may prevent the sys.
win from acquiring or subsequently tracking targets,
thereby reducing ity elfectiveness. Employment of ob-
surition smoke on an attacking atmored {orce may
cause iU to vary its speed, inadvetiently change it axis of
advance, deploy prematurely, and rely on nonvisual
means of command and control.

“Screening smoke iy smoke cmployed in Iriendly
operational arcas or in arcas between {riendly and
cnemy {orces in ordet 10 degrade cnemy ground and
arrial observation, amld defeat o degrade enciny elecuo:
optical systems. Screening smoke is employed o con.
ceal ground mancuver, breaching and recovery opera-
nons, key assembly aseas, and supply rouces.

" Deception sinoke is smoke used to deceive the encmy
regarding intentions of US Army forces. For example,

¥
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smoke can be employed on several avenues of approach
todeceive the enemy as to the avenue of the main attack.

“Identification and/or signaling smoke is smoke
employed to identify targets, supply and evacuation
points, friendly unit positions, and to provide for pre-
arranged battlefield communications.” (Ref. 11).

Table 2-7 summarizes the materiel available for
armored vehicle protection, obscuration, and area
screening,

TABLE 2-7
SMOKE APPLICATIONS ANDMATERIALS

SMOKE
APPLICATION MATERIEL MATERIALS

Armored Vehicle Grenades HC, WP, RP**
Protection VEESS® Diesel Qil

Obscuration Artillery WP, HC
Mortars WP.RP
Rockets wP

Screening Generators  Fog Qil
Pots HC, Fog Oil
*Vehicle Engine Exhaust Smoke System
**Red Phosphorous

Threat concepts, materiel, and materials are similar
to those of the V'S inventory. Soviet doctrine refers o
camoullage and blinding smoke in place of ouy wrms of
area screening and obsanation.

o Lermninal Uniform

Phase Phase

of e
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Smoke clouds last from minutes to hours depending
upon the material used for dissemination. Submuni-
tioned WP projectiles, such as the M825 155-mm
artillery round and the M259 2.75-in. rocket, spread the
smoke-producing submunitions over an impact area;
they burn for several minutes.

Dense clouds of phosphorous smoke are produced for
sel{-protection by grenades discharged from an arma-
ment subsvstem integrated into armored fighting vehi-
cles, These rapidly generated clouds, which may last for
several minutes, may be supplemented by diesel oil
smoke produced from the integral Vehicle Engine
Exhaust Smoke System (VEESS). The VEESS may be
operated as long as the vehicle has fuel.

Matenicl designed to produce smoke coverage in
friendly areas include smoke pots and generators.
Depending on their size and local conditions, smoke
pots produce HC (M5, M1) or fog uil (M7) smoke for up
to 20 min and provide downwind coverages of up o
500 m. Large area generators (M3A3) can be run as long
as smoke-producing material is provided, and they pro-
vide downwind coverages of several kilometers.

The development, transport, and dissipation of a
smoke cloud is strangly affected by the muniton, the
placement of it and environmental conditions, Explo-
sively disseminated smokes evolve in the same phases as
HE-dust (see par. 2-5.2). Thisdevelopment is illustrated
in Fig. 2-7. Nonexplosively disseminated smoke clouds
evolve in three phases: the streamer and buildup phase,
unifonn phase, and werminal phase. In the lirst phase, a
streamet of sinoke s formed from the smoke souree and

Figure 2-7. Smoke Screen—Effective Length and Smoke Phases (Ref. 3)

Streamer and -
Buildup Phase
$
25 Wind
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exists alone before diffusing to merge with other stream-
ers. The diffusion depends on atmospheric stability and
wind speed. Buildup occurs when streamers overlap,
but the smoke is not uniformly distributed. In the uni-
form phase the size of the screened area is determined by
the smoke output of each source, the relative placement,
and local meteorological conditions. Finally, in the
terminal phase the smoke is diffused so much that it is
not an effective screen.

The effectiveness of a smoke cloud in screening a
particular position will depend not only on the amount
of smoke between the sensor and the target but also on
the extinction characteristics of that smoke in the sensor
spectral band. Current inventory smokes are more effec-
tive in the visible than in the IR bands; they have
negligible impact on mmw sensors.,

The discussion on smoke has addressed primarily the
use of smokes in reduging amospheric transmittance.
Smokes may also contribute to sensor performance deg-
radation through contrast reduaction from scattering of
ambient light by the smoke particles or backscatering
of Laser tHuminator radiation. Exothermic smokes also
wduce thermal comrast, increase thermal cluner, and
may appear as false wrgets,

252 DUST (MUNITION AND VEHICLE
PRODUCED)

Airborne battlelicld dust may be produced by s ehicu-
lar raffic or by din raised by munitions impact. The
amount of dirt raised by vehicular walfic will depend on
the soil dryness and vegetative cover, the type of vehicle,
and the vehicular spred, The amound f dust produced
by munition ivings will be dewrmined by the type of
sl soll moisture, and vegetative cover, as well as by the
muntaon type, fill weight, and point of deonation,
The spread of the dust will depend on local imcteorolog.
tal conditiom, particularly on wind speed and atnen.
phenc vability, The penistence of the dust will be
determined in pan by the dust panticle sige. Gravita.
nonal seitling will Yimit the duration of dust cowds
comnposed of Larger patiae des, but very soatt dust parti-
cles may stay alolt for long petiods of tme.

The HHE-prodused dust dioud develogs and dissipates
i thee stages: it pluase, tive phane, and drift and
dissipation phase. 1he genctation, diffusion, and wans.
pott ol a munition-gencrated dust cloud are shown in
Fig. 2-8. In the inidal phase, a crater is formed by the
wunition vapact, and both dust and large chunks of
debins may be tolied. & hot dust-and-fite ball wveral
meters actoss, containing wost of the dust and debeis, is
harmedclose o the sutbwe. A dustakitt B 10 m wide and
1-3 0 hugh® is alws fovmed. I the tise phase, the dust.
and-tire ball expands and riwes uickly 10 10-30 m in

*Hin wa wall cary worthomsitiem o e, Thew valies aie G
3 oun uahitnan,
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Figure 2.8. Munition Dust Cioud Impact,
Rise, and Driflt and Dissipation Phase
(Ref. 3)
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height because of its thermal buoyancy. The large
debris settles out quickly. The dust skirt diffuses but
does not rise. Finally, the dust cloud, blown by the
wind, drifts and dissipates. The dust skirt usually drifts
more slowly than the cloud because wind speed tends to
be lower near the ground (Ref. 5).

Airborne dust scatters visible and IR radiation; gen-
erally, the extinction is not spectrally dependent because
of the wide distribution of particle sizes. Battlefield
vehicular dust may indicate troop movement while
obscuring the details of that movement. Vehicular dust
can sometimes greatly enhance detection of vehicular
traffic by cuing the 1arget location. However, dust can
obscure detection and recognition of targets within the
dust clouds. Vehicular and HE-generated dust may thus
degrade the performance of EO sensors and may deny
continued lock-on of precision guided munitions.
Munitions salvos may be used deliberately ta blind
artillery observation points. HE-generated fireballs
also introduce visible and thermal clutter. The large,
lofied debris may obscure the LOS {or mmw systems for
several seconds; the smaller airhorne dust particles do
not obscure mmw sensors.

2-5.3 FIRES AND FIRE PRODUCTS

Fires on the batdefie)d may be deliberately set or may
be the result of burning vehicles or burning vegetation,
Fire product constituents include burning gases and
varbon particles. These fire products may cause trans-
mittance losses, scattering, and sensor LOS intertup-
tions, Carbon, in particular, is an excellent attenuator
of electromagnetic radiation. The illumination from
fires may temporarily blind image intensifiers. In the
thermal band, fives introduce thermal cutier and falw
targeis. Thermal gradients due 1o heating by the lite
alw cause turbulence. Fire-induced wrbulence may
alfedt the image quality of visible and thermal swstemn
and may diffuse radiation from active laser and mmw
systems,

2.6 AEROSOL PARAMETERS

BRantlelickl-induced contaminants are described by
two sets of parameten. The acrosol parameters defined
in this paragraph arc used as a baseline for predicting
the clfes ta ol an obseurant in the battleficld sunosphere.
Battlcticld-induced obscutation parameters are
dexcribed in pat. 2.7,

2-6.1 SIZE DISTRIBUTION AND
CONCENTRATION

The patticle size distribution ol an acrosol is the
number denaity or mass density of actosol particles asa
funciion o patticle radius. The particle size of an acro-
ol is critical in determining its spectral efliciency as a
scatterer as discussed in par. 2-3.1. A spheriaal acrosol
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has the highest scattering efficiency (Mie cross section
about four times the geometric cross section) if the
particle radius is approximately the same as the wave-
length of the radiation. The scautering efficiency drops
to 2 if the wavelength is much smaller than the particle
size; it drops as (particle volume)’A™* if the particle size
is much smaller than the wavelength.

The mas: concentration of an obscurant is simply a
measure of the mass of an obscurant ina given volume.
An aerosol is the most effective scatterer at a given
wavelength if it is present in high concentration and if
most of its mass is in particles with a radius approxi-
mately the same as the radiation wavelength.

2-6.2 COMPOSITION, SHAPE, AND INDEX
OF REFRACTION

The effectiveness of an aerosol as an attenuator is
determined in part by the index of refraction of the
aerosol. The complex index of refraction m(A) of an
obscurant at wavelength A may be represented by real
and imaginary parts

m(A) = n(A) — ingA), dimensionless  (2-16)

where
n(A) = real pan of the index of refracuon,
dimensionless
n(h) = imaginery part of the index ol refrac-
tion, dimemsionless,

‘The index of relraction of an acrosol is determined by
its compasition. The effectiveness of an acrosol as a
satteretr is determined by the magnitude of the real pan
of the index of relvaction. fis effectiveness asan absrber
ndetermined by the magnitude of the imaginary partol
the relractive indes.

Fhe shape of a particle will determine iis ellective-
ness as g broadband suenuator. Phe best broadband
attepuatorn are conducting partides with hagh aspeat
{lengthete-wadth) rations (Ref. 12),

27 BATTLEFIELD-INDUCED
CONTAMINANT PARAMETERS

This paragraph delines and discusses parameten
wsedd 1o specily the amount of obw urant i the banle.
fickd atmenphere and o caleulate the transmittance of
radiation through the obscurant. These parameten are
mass extinction cocfliciont, concentration path length
produce, vicld factor, and burn rnate.

2:7.1 MASS EXTINCTION COEFFICIENT
AND CONCENTRATION PATH
LENGTH

The mass extinction coctlicient a{A) i3 defined
2.7
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a(A) = <%3>, m’/g (2-17)

where
o = geometric cross section of particle, m?
Q =cxtinction efficiency, dimensionless
M = mass of the particle, g.

The inner brackets represent an average over solid
angle, and the outer brackets represent an average over
the particle mass size disiribution. Obscurant mass
extinction coefficients may exhibit a strong spectra}
dependence. The concentration path length product
(€:1.) of an obscurant is the amount of obscurant con-
wined in a path of length L through an obscurant of
known concentration. For nonumiform obscurants dis-
uibuted over a path lrom ry tor;

ClL =f,':¢'(r) dl, g m? (2-18)
!

where
C(r) = concentration at point r, g m?,

Trasminance T,A} through the obscurant is calou.
lated by

T(A) = ¢ "M dimensionless. (2-19)

222 YIELD FACTOR AND BURN RATE

The minss of obscurant acrosol MY disseminated by a
munition s determined from

Me=YiMuEL g (2-20)

where
M. = nass of acrosol in munition, R
& = efficiency with which actosol is dissemi-
nated, dimensionlos
¥y = vivld facion, dimensionlos,

The yield factor is used to account tor the growth of
hygrosopit actosol particles in the atmmphere by
atmorption of aunvespheric water vapor. For these
stnokes the yickd factor increases with increasing sela.
tive humidity. For HU simokes the yield facios ot 10%
relative humidity is 1.5 and increases 10 5.5 ac 90%
relatve humidity, The yicld lactor los WP goes fiom 3.5
19 about B over the same tange. The yield lactor for fog
ol is LO{Rel. 10).

The burn rate, i mass production rate, of obscurant
smiokes is the rate of delivery of the munition fill mass
into the atmosphere. Munitions with lower burn tates
wsually result in coolet smokes with less buoyant rise;

2-18

these smokes stay closer to the ground and provide
better protection to ground targets.

2.8 METEOROLOGICAL
PARAMETERS

Meteorological measurements are routinely made at
military and civilian weather stations. Hourly records
of meteorological data, taken over a period of several
years, are available for many locations. Standard meteor-
ological measurables are defined in par. 2-8.1. Aimos-
pheric stability and turbulence—parameters derived
fram meteorological data—are discussed in par. 2-8.2.

2-8.1 METEOROLOGICAL MEASURABLES

Standard meteorological measurables include air
temperature, dew point, depression, visibility, atmos-
pheric pressure, wind speed, wind direction, precipita-
ton, and cloud cover.

Air temperature is the ground level dry bulb air
temperature. Dew point is the temperature to which a
given parcel of air must be cooled at constant pressure
and water vapor content in order for saturation to
oceur; any further cooling results in the formation of
dew or frost. Dew point depression is the difference
between air temperature and dew point. Ground level
atmospheric pressure is the [oree per unitarea apo!:d
at the ground by the column ol air above it It is reported
in mbar. Visibility is the distance at which it is just
possible to distinguish a high contrast object against
the background with the unaided eye; it is usually taken
ay the distanee over which the 0.4-0.7 pm aumospheric
tansmittance iy 0.02. Visibility isestimated by sighting
to landmarks at known distances, Relative humidity,
tequited 1o establish the yield facior of hygroscopic
smokes, is established from aiy wemperature and dew
point.

Amnospheric transmiuance at vavelengths from
ultraviolet 10 mmw may be calculated direcily from
meteorological observables using standard  at-
moapheric codes, such as those developed by the Al
Forre Geophysics Laboratory (Refs. | and 13). These
vodes tequire as input the air temperature, pressure,
dew pointor relative humidity, and visibility, as wellas
parametens defining the atmmpheric path geometry.

At sperialised metcotological stations, atmaspheric
tansmittance has been measured at selected wave:
lengths. The atmespheric extine tion coefficient at these
wlected wavelengths may be detived direetly as shown
in par. 2-3.3.

282 STABILITY CATEGORY

Pasquill category, or atmospheric sability category,
is a measure of the rawe of vertical spread (rom an obscu.
rant source. The atmosphete is characterised as unsa-
ble (Pasquill Categories A and B), neutral (Cand D), or




S g
<

stable (E and F). Pasquill category may be estimated
from cloud cover, wind speed, and sun angle (Ref. 14).

Unstable (lapse) conditions are characterized by sig-
nificant turbulence and a decrease in air temperature
with height. Lapse conditions occur with high insola-
tion and light winds, such as existat midday on a clear,
sunny day with light winds. Stable (inversion) condi-
tions are present when there is an increase of tempera-
ture with increasing height. Inversions occur on clear
nights or on cloudy days when wind speed is low and
the air at ground level has been cooled by contact with
the cooler earth. Increasing winds drive the atmosphere
toward neutral conditions, with no vertical tempera-
ture gradient near ground level. Neutral conditions are
usually found near sunrise or sunset.

2-8.3 MECHANICAL TURBULENCE

Atmospheric turbulence causes small local {luctua-
tions in wind speed and wind direction, which in turn
cause the entrainment of air in the obscurant cloud.
After the initial buoyant rise of a smoke or munition
cloud, dilution and dissipation of the obscurantare due
almost entirely 1o lacal warbulence effects. The time-
varying nature of this turbulence may cause focal non-
uniformities in the cloud, and insome cases it results in
the appearance of thinarcasor “holes”, which permita
temporary LOS through an obscuring clowd. The effect
is particularly strang in HE-gencrated dust clouds,
which also have a wrbulent conribution from the
initial explosion. Strong turbulence in an HE ¢loud
can degrade mmw sighals even though the dust dselt
has only a minor effect on the mmw radiation,

2.9 EFFECTS OF ENVIRONMENTAL
FACTORS ON BATTLEFIELD-
INDUCED CONTAMINANTS

The wansport and diffusion of olsturan Jouds
depend strongly on local cavitonmental conditions,
including atmospherie stability (Pasquill category ).
wind speed, wind diteetion, humidty and wemperatare,
and terrain. These elfecs are described qualitatively in
the paragraphs that follow.

2:9.1 TRANSPORT AND DIFFUSION
Atmospheric stability, wind speed, and wind dire
ton are strong intlucices on dust and anoke coud
development, diftusion, and disipation. In turbulent,
unstable conditions, obscurant clouds will risve rapidly
because ol the thermal gradient with altiiude and will
dilfuse rapidly because of wrbulemce-induced ain en-
trainment. In very stable conditions obicurant clouds
will tend to remain at the same altitude and dissipate
slowly, although exothermic smokes and munition-
generated clouds will exhibitan initial buoyant rise. In
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neutral conditions, the obscurant cloud will rise slowly.
Fig. 2-9 shows the effect of atmospheric stability in the
development of a smoke cloud. Dust cloud develop-
ment in lapse and stable aimospheric conditions is
illustrated in Fig. 2-10. Stable to neutral conditions are
most favorable for the produciion of area smoke screens.
Neutral to lapse conditions are favorable for the pro-
duction of smoke curtains.

Obscurant clouds move in the direction of the wind at
the prevailing wind speed while diffusing in altitude
and width. The tap portion of the cloud will tend to
drift slightly faster than the skirt because of a wind
gradient with altitude. High wind speeds cause the
obscurant todrift rapidly and diffuse more quickly; this

(C) Lapse Conditions

Figure 2.9, Awnospheric Stability Effect on
Smoke Cloud Development (Ref. 5)
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(A)  Lapse Conditions

Low-Lying Inversion

(B) Stable Conditions

Figure 2:10. Awmospheric Stability Effect on HE-Cenerated Dust Cloud Development (Rel. 5)

redduces obseutation time, Mechunical tirhalence oe-
and by lecal wind speed Hluctuation will cause 1em-
poral and spatial variations in obw urant demsity, ur h
ay etkdies and holes in the doud. Wind direvion and
wind :pred must be considered in determining the
placement of an obs urant cloud 10 make sute that the
windblown obscurant will screen the varger and not be
blown vut of the LOS. This is indicawd in Fig. 211,

292 HUMIDITY AND TEMPERATURE

Humidity and iemperature ellevis on obscurant clowd
development and dissipation have been mentioned
hricfly. The yvield facior of hygroscopic amokes is a
sttang lunction of relative humidity as discussed in
par. 7.2, Mhe insreasd size of these sinoke particles in
1t b humidity covitonments itvases theils watiering
cffcctiveness. However, the mass extirction coctlicient

2.2

alightly reduced beeause the index of sefracion of the
awnoke changes as the water content of the unoke i
increased,

Atmphcric temperature profiles are strong deter:
minants of smoke doud development and transpott
breanse of theis impact on atmospheric stability as dis-
cunsed in pain. 2-8.2 and 2.9.1. In addition, the wirbu-
lenee inducd-by local temperature fluciuations in-
crvases mixing and disipation of the obscurant.

2:93 TERRAIN

The tllects of wrrain are similar fov HE-gencrated
dust, vehivular dust, and smoke clouds. However,
tertain-induced variations in wind speed and ditection
will clearly atfect obacuramn cloud ansport. The
impact of terrain on anoke is sunmall although 1ough
vegetative growth will sfow the transport of the tase ol
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Forward Observer
: @ \Vind?
Maneuver Eiement
1 e .
Maneuver-Target Line

Smoke Source —»

(A) Wind Across Maneuver-Target Line
Forward Ob. ver

Maneuver Element Smoke Source

A= g

Maneuver-Target Line

Ving —>

(B) Wind Along Mancuver- Target Line

Figure 2-11.  Effect of Prevailing Wind on Smoke Placement and Ditfusion (Ref. 5)

the dloud. Soil wype, moisture content, and vegetattve - tay sotls obseures more in the visible region than the
tover are much more imporant in dust cloud genera. iR region, whereas sandy or wer wild particles may e
vion. Dry clay and silty swils will produce more airburne betier IR obw urants, Milleter wave senss 1OS iy
dust than sandy soils; wet soils produce less dust than be interrupted for several seconds by the debris gener
dey unes. Vegetative cover or heavy sod iedueens the atesd by HE muninons; wet soil chunks are more effo -

amount of dust produced. In gencral, distfrom dey sty UVe Lhan dry ores againnt Bunw s,
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CHAPTER 3
PROPERTIES AND FREQUENCY OF OCCURRENCE OF
NATURAL OBSCURATION FACTORS

DOD-HDBK-178(ER)

Thas chapter explains how to estimate natural obscuration factors, such as atmospheric transmittance
and extinction coefficients. It al<o provides data that enable the user to characterize quantitatively the
natural atmosphere for systems performance calculations. This information is provided for four different
types of climate—temperate, tropical, desert, and northern—as represented by the European highlands,
Central America, the Mideast deser!, and Scandinavia, respectively.
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3-1 INTRODUCTION

This chapter provides quantitative data on natural
atmospheric extinction to enable the user to character-
ize this atmosphere for systems performance calcula-
tions. It also gives weather data for four different types
of climaw—temperate, tiopical, desert, and northern.

Par. 3-2 is designed to provide atmospheric data for
user-specilied weather conditions. It contains tables
and equations designed for use in the calculation of
atmospheric extinction by water vapor and other gase-
ous molecules, and acrosol extinction due to haze, fog.
clouds, rain, snow, or blowing dust. Datu are provided
{or the visible (0.4-0.7um) and near iafared (IR) (0.7-
1.1lum) spectral bands, the thermal bands (3-5 and 8-
12um), the Nd:YAG (1.06um) and GO ¢10.59) pm) laser
lines, and at 35 GHz and Y4 GGHe millimeter wave
{mmw) frequencies,

Four types of climate are described briefly in par, 3-3;
Atemperaie region, represented by the central European
highlands; « tropical cimate, represcated by Cenral
America; & desert dimate, represented by the Mideast
desert region; and a high-latitude northern dimate,
tepresented by vastern Scandinavia. The specilic locales
were wlected both bevause of the range of weather types
they i ude and because of the availahility of complete,
reliable metcorological rocords, Par, 3-8 abso contains
wasonal average meteoralogical observations for these
locations, designed 10 familiariee the engineer with the
variety of weather conditions in which a system designy
will have o operate.

More detatled information about the Trequency of
wccutrence of naturally obs ored weather fos thew bica
ton iy in Juded it pan. 3-4through 3-7. Thin detailed
o mation will give the engineet a dearer prcinee of
the iy pres of weather under which a sysiemn must opriate
and the relacive frequeney of these conditions. Rhasira-
Hons of the vitiation in atmophetic Gansmittan e ate
ik luded foe eepresentative Eutopean and Mideast haa-
vons in plots of cumulative frequeney of atmosphicric
namvittance in the visible, thermal, and mmw sywe-
ttal tegiom.

3-2 OPTICAL PROPERTIES OF
NATURAL OBSCURATION
FACTORS

The tables and equations in this patagraph ave used
toabiain values fot attmesplictic traramittanee thieugh
the tatural atrwnphere lor userspeeified weathot cun-
ditions. Pag. 3-2.1 treats mobevular abw o piost amd wat-
tening by the cdear natural atmosphere. Additional
tansnsanc e knses due o atmowpbetic actosol abwyr-
ton and watiering. 1am, snow, and bluwing dust are
ated an pars. 3-2.2 thiough 325,

The iotal atnesphicric ransanitiane TYA ) o a given
path lengih trange w target) is the prodact of e clea

3-2

atmosphere molecular transuiittance term Tu(A), the
atmospheric aerosol transmittance term T,(A) or
atmospheric precipitation transmittance term Ty(A),
and the dust transmittance term T«A) or smoke trans-
mittance term T,(A). In the absence of precipitation

T(A) = Ta(A)T(A)T5(A)TLA), (3-1)
dimensionless
where

A = wavelength, um
Tw(A) = aunospheric transmittance considering
only molecular extinction, dimension-
Jess

i

T4Ay = aumospheric transmittance considering
only acrosol extinet. . imensionless
T.(A) = nansmittance through smoke, dimen-

stenless

{

H

TAN = nansmittanee through dust, dianemsion.

b,

s anmg o anowing.

TtA) = Tl M T MT AN T AN,
dimensionless

(3-2)

wheie
Tanr 5 atmospher i transamitian e consudening
onh prcoptation, dimensionien,

1 there s o simoke, TAA) = 1.0
Hthrre s no dust, T4A) = 10,

This chapier ¢ hara ierisos iramamittance through ihe
natural aunophere, whic s indludes preapiiation amd
blowing dust. The information in Chapter 4 addieaes
tranvumttands caleulations through battlefic 1o iiged
romtamnants i luding smokes, hugh explievive (HE)
gencrated dust, dust raied by sohacular tralls:, aml fne
pronfuccts.

Values are tabulated i ibis chapier (o the vivble
(0.4-9.7um), near (R (0.7-1 1 am), and therme! spociral
barnds £3-5u03 and B 1 2pm) as well as for discrete wave:
lengths at the | 06pm (NA VAL taser) and 10591 um
{CA); lawer) lawet livees, and the 35 GHe avd 94 GHY
mmw liars. When usang values tron dillerent subjara-
graphy fue inolecular alrapticn and swatirting, the
cnginect must make sute the metootiigical conditums
used 0 caloulate earl. tansnitter (erm are compati:
ble. For invance, tain should sxout only a temgeta-
tires above (teering: it will be accompanied by high
telative humidiny and limited visibility.

The cquations in this patagraph may teguire a con-
venin among iclative hamidity, atmolate humidity,
aval dew point, deprading on the data available © the




engincer. The conversion may be performed using the
relationships in Appendix B.

3-2.1 WATER VAPOR AND GASEQUS
ABSORPTION

This paragraph provides equations and tables to
determine atmospheric transmittance Twm(A) for water
vapor and gaseous ahsorption. For the broadband
thermal spectral regions (3-5um and 8-12um), Tm(\) is
tabulated. For visible, near IR, laser, and mraw wave-
lengths, Twm(A) is calculated from

. Ym(MR g+ .
Tw(A) = ™" dimensionless  (3-3)

where
R = path length, km
vYa{A) = molecular volume extinction coefficient

for any wavelength A, km™.

3-2.1.1 Visible

Molecular extinction and water vapor abs rption
haveaminoreffect in the visible spectral region; visible
transmittance is dominated by aerosol absorption and
scattering.

A representative value for ym(A) in the visible region
is .02 km™' for both a low humidity environment (3.5
g/m’ water vapor) and for a high humidity environ-
ment (14 g/m" water vapor).

3.2.1.2 Near IR (0.7-1.1um and 1.06um)

Gascous and water vapor absorption have a negligi-
ble effectat the 1.06um Nd:YAG laser line. The molecu-
lar transmittance term Twm(A) is equal to 1.0 ar {.06:um.,
Gascous and warer vapor absorption have a minor
effectin the near IR band out to 1. Lym. The wmagnitude
can be calculated using Eq. 3-3, with

Ym(0.7-1.1um) = 0.02 ki (low humidity) and
0.08 km™' (high humidity).

‘These numbers represent typical values for a groung
level midlatitude (European) atmosphere. Actual wars-
mitance in the near IR is somewhat wavelength
dependent; abscrption increases as one moves fiom the
0.7-0.9 um region to the 0.9-1.1 gm region. More
detailed data may be obtained by asing atmospheric
ransmittance codes such as LOW EFRAN or FASCODE*
(Refs. | and 2).

*The LOWTRAN cade is used to caleulate atnospheric
wansmittance and path radianee with low specnal resolu-
tion (20 cm™') and is used for broadband calculations, FAS-
COLE is used to calculate atmospheric transmittance with
high spectral resolution and can be used for lasey and mimw
itne calculations,
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3-2.1.3 Thermal (3-5 ' 1d 8-12um)

Thermal band wransmittance is sensitive to water
vapor content and thus to relative humidity (RH) and
temperature. Band-averaged transmittance in the 3-5
and 8-12 um spectral regions does not scale exponen-
tially with range for the reasons discussed in par. 2-3.2.
Thus the thermal molecular transmittance term Tm(A)
is provided in tabular form. Table 3-1 contains Tm(3-
5pm); Table 3-2 contains Twm(8-12um). These tables give
transmittance for a range of values of temperature and
relative humidity over six ground level path lengths
between one and 20 km. Transmittance over path
lengths between these values may be estimated by inter-
polation. The tables were derived using LOWTRAN 5
with no aeroso! contribution.

3-2.1.4 CO; Laser (10.591 um} arnd Millimeter
Wave (35 GHz and 94 GH2)

The atmospheric molecular transmittance term Tm(A)
at CO; laser and minw wavelengths is calculated using
Eq. 3-3. The volume molecular extinction coefficient
Ym(A) depends on atmospheric water vapor content,
Table 3-3 gives values of ym(A) at the 10.591um CO,
laser line, 35 GHz, and 91 G Hz; these values were gener-
ated using Electro-Optical Systers Atmospheric Effects
Library (EOSAEL) 82 (Ref. 3).

3-2.2 HAIZE, FOG, AND CLOULS

Extinction of radiation by haze, fog, and clouds vay-
1es slowly with wavelength. The acrosol transmittanee
term To(A) can be expressed using an equation of the
same form as Eq. 3-8

ToA) = ™" dimensionless  (8-4)

where
Y A aetosobvoline extingiotreoctioent o am
I
warveleneith A ki

2.22.1 Visible (0.4-0.7um)

Aerosol extinction in the visible region i scaled w
visibality, In this hundbook the delinition of meteorn-
logical range is used for visibility. Meteorological range
is the range at which an object witha contrast of 1.0 cn
just be perceived visually against the background with
the visual ontrast threshold set ai 0.02 ¢ The expres.
sion for visual acrasol extinction coefficient then be.
comes

Sl practice, abservations of visibility ave not precise b ause
they rely on the judgement of i husian obaerser, T addition,
the visibility is not precisely defined; the World Meworolog.
ical Organization, for example, wes 4 5% transmittamee
standard i its lield equipment.

3-3
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TABLE 3-1
3-5um BAND-AVERAGED ATMOSPHERIC TRANSMITTANCE (No Aerosols)

Transmittance Tn(A), dimensionless

Relative Path Lengta R, km

Humidity Temperature

RH, % T, °C. 1 3 5 7 10 15 20

10 0 0.77 0.68 0.62 0.58 0.53 0.47 0.43
10 0.74 0.64 0.58 0.53 0.48 0.42 0.38
20 0.71 0.60 0.53 0.49 0.4 0.38 0.33
30 0.67 0.55 0.48 0.44 0.39 0.33 0.29

40 0 0.70 0.58 0.51 0.47 0.41 0.35 0.31
10 0.66 0.53 0.46 0.41 0.36 0.30 6.25
20 0.61 0.47 0.40 0.35 0.30 0.24 0.20
30 0.56 0.42 0.35 0.30 0.25 0.19 0.15

70 0 0.6 0.53 0.46 0.41 0.36 0.30 0.25
10 0.61 047 0.40 0.35 0.30 0.24 0.20
20 0.56 041 0.34 0.29 0.24 0.18 0.14
30 0.50 0.36 0.28 0.23 0.18 0.13 0.09

90 0 0.64 0.51 0.44 0.39 0.33 0.27 0.23
10 0.59 0.45 0.87 (.33 0.27 0.21 0.17
20 0.53 0.39 0.31 0.26 0.21 0.15 0.12
30 0.18 0.33 0.25 0.20 0.15 0.10 0.07

TABLE 3-2

8-12um BAND-AVERAGED ATMOSPHERIC TRANSMITTANCE (No Aerosols)

Tranamittance To{h), dimensionless

Relative Path Length R, km

Humidity  Temperature

RH.% T.°C \ ] 5 1 10 13 20

10 0 0497 0.95 0.43 o 0.89 0.86 0.84
10 0.97 0.93 0.91 0.89 0.86 0.82 0.719
20 0.93 09 0.7 0.8% 0.8l 0.76 0.71
30 0.4 0.87 0.2 NG on 0.65 0.5

10 0 0..25 0.8% 0.86 0.82 v.i8 0.72 0.47
10 1R X 0.84 0.97 0.7¢ .45 0.55 0.48
Fal 0.87 0.7% 0.62 0.54 0.43 031 0.2
30 0.74 0.54 0.39 0.28 0.18 0.09 0.4

70 0 0.93% 0.84 0.7% 0.73 .66 0.5 0.4
10 0.87 0.7% 0.62 0.53 042 0.30 o
20 0.77 0.52 0.36 0.26 0.15 0.07 0.03
30 0.59 0.2% o.u 0.05 0.2 0.0 0.0

9% 0 0.91 0.80 0n 0.66 0.57 0.16 0.8
10 0.83 .64 0.51 o4 0.%0 0.18 on
20 0.64 0.39 0.23 0.13 0.0h 0.0 o
0 0.46 0.12 0.4 0.0 0.0 0.0 0.0

34
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TABLE 3-3
GASEOUS AND WATER VAPOR EXTINCTION COEFFICIENTS FOR
CO- LASER AND MILLIMETER WAVE WAVELENGTHS

ABSOLUTE HUMIDITY, p, g/m’

EXTINCTION COEFFICIENT v,()), km''

10.591um
0.083
0.041
0.109
0.185
0.311
0.383

Brsvw-—

35 GHz 94 GH:
0.018 0.025
0.021 0.043
0.024 0.067
0.032 0.108
0.041 0.154
0.049 0.201

ve(0.4-0.7um) = 3.912/¥, km ' (3-5)
where
I = visibility, km.

The value 3.912/V, used as the extinction coefficient,
gives a visual transmittance of 0.02 if the path length
and the visual range are equal.

$-22.2 Near IR (0.7-1.1um and 1.06um)

Aeroscl extinction in the near IR also may he scaled
to visibility, For the 1.06um Nd:YAG laser line, the
aerosol extinction coeflicient used in Eq. 3-4 15 (Ref. $)

1. ¥ greater than 0.6 ki

y‘,;(l,()(i) - lo; R N Y TR L TR ] =i. k‘"'l (3‘6)

2. I’ less than or equat to 0.6 ki
vl 1.06) = 8.912:8, km™  (3-7)

In haze the broadband 0.7-1.1um extinction coeffi-
cient can be estimated using Eq. 3-8, which was derived
from LOWTRAN 5 calculations.

v.(0.7-1.0) = 0.6 (3.912/¥), km ' (3-8)

In fogs the visible aerosol extinction coefficient n:ay
be used to calculate near IR extinction.

3.2.23 Thermal Bands (3-5 snd 8-12um) and
the CO; Laser Line (10.591 um)

Theromad ansmivanoe iy deorvased ondy slightdy in
hae, Prmmsmitince shvough tog depends saongly on
water vapor, guid water conwent, and paricle sue
distribution. Fabie 3- t givas actosed extineiion coctii-
vients i the thermal bands for thce wpreseninine
candiions: s wrhan baze, with a 240 50 o o
vinthitbizy; o vadiaion fog, with Ok and EOK
visihilios s amd an advecnon tog, with thm and 1.0
Lt unibiling,

TABLE 3-4
AEROSOL EXTINCTION COEFFICIENTS FOR THERMAL RADIATION

B AEROSQL AERQSOL EXTINCTION COEFFICIENT yodA), hm '
3-5;m 8-12um 10.591 pm
Urban Haee
2 km visibility 0.29 0.8 0.1¢
5 km visibility ol 007 0.06
10 km visibility 0.06 0.4 0.03
15 km visibility 0.0 0.02 0.02
Radiation Fog®
0.5 km visibality 10.1 24 1.7
1.0 km visibility sl 1.2 0.9
Advection Fog*
0.5 km visibility 84 4.0 LX)
1.0 km visibility 42 LK) 1.5

*Radistion and advection {logy ate discused in par. 4.2,
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Thermal transmittance through clouds will gener-
ally be as poor as visual transmittance. The transmit-
tance of thermal radiation through clouds depends on
the liquid water content of the cloud and the radiation
wavelength. The extinction coefficient at 10.591um
<an be estimaied by

va (10.591pm) = 159 w, km™ (3-9)
where
w = liquid water content, g m'

The extinction coefficient in the 8-12um band varies
fr o1 300w at 8um to 130w at 1 ym. In the 3-5um band
the extinction coefficient varies from 1330w at 3um to
530w at Sum (Ref. 4).

Liquid water content in clouds depends on the type
of cloud. The water content ranges from 0.02 w 1.5
g m' for cumulus clouds to 0.02 to ¢.60 g ' m’ for stra-
tus clouds (Rel. 5). 1 the value of w is not known, 1t
may be esumated from (Rel. 3)

w=585X 107" g’ (3-10)

This expression is valid ondy in couds.

3-2.2.4 Millimeter Wave (35 GHz and 94 GH2)
Millimeter wave radiation is notseriously attenuated
b huaze. Millimeter wave extinction through fogs and
clouds depends on the liguid water content of the acro-
sol and the index of refraction, which is temperature
dependent. Aerosol extinction cocflicients for fog and
clouds ave calculated from liquid water content using

L buw _ (m(A) = 1)
Y immw) = 7D Im[ (:_-_——_::’(A)+2)] (3-11)

where
ad) = comples idex ol wchacion, danen-
stopess
Fie = agginary part of biacketed expres.
sion, dimeonsionles,
Values fon theextinetion coelflicientat 35 GHrand 94
GHe, calculnazd using EOSAEL algorithms {Rel. ¥),
ate listed 0 Table 3-5.

3-23 RAIN
The ransmittance thiough precipitation T(A) is

To(A) = ¢ ™", dimensionless  (3-12)
where

YL AL = preaopitation volume exting tion cevlli
cient lor any wavelength A, ki’

The value of the procipatation volume extinction coel-
{icient depends on the type of precipitation—-rain or
snbw -und vt wivelength.

\ )

TABLE 3-5
VALUESOF THE AEROSOL EXTINCTION
COEFFICIENT FOR WATER AT 35 GH:z

AND 94 GHZ
AERGSOL EXTINCTION COEFFICIENT v,(A), km™'
Temperature

T,°C 35 GHz 94 GH2

0 024w Lilw

10 0.19w 1.0l w

20 0.15w 0.88 w

30 0.12w 0.76 w

At visible and thermal wavelengths, rain droplet sizes
are large with respect to the radiation wavelength, so
the scattering efficioncy factor may be assumed to be 2.0.
In these regions, then, the extinction due to scattering
from rain will depend only on particle size disiribution,
not on wavelength. Empirical relationships developed
by Laws and Parsons (Rel. 6) for widespread rain (Eq.
3-14) and equations developed by Joss and Waldvogel
(Ref. 7) for drizzle and thunderstorms (Eqgs. 3-13 and
3-15) are used to estimate the precipitation volume
extinction coefficient yu(A ) due to rain. The equations
usad for visible through thermal wavelengths are

1. Drizale
Ypd vis, thermal) = 0.5ir°*, km™'(8-13)

2. Widespread rain
You(vis, thermal) = 0.86r°%, km™'(8-14)

3. Thunderstorms
Ye(vis, thermal) = 0.16:*%?, km™' (3-15)

where
r = rain rate, mm-h,

——— —paRRma

At mmw wavelengths, extinction due o rain would
properly be treited using a full Mie® scattering calcula.
non over the rain particle size distribution. Recause of
the complexity of this approach, a power law appraxi-
mation based on “ain rate is used 1o calculate the move
precipitation coeflicient forain (Rel. 3):

yeimmaw) = ar’, km™ (3-16)
where
a.b = vaih extineuon patameters, dismensionless

and e and & vary with vain rate, mmw freguency, andd
temperature, as shown in Table 3-6.

*Mic u’itmiug i diw assed in par. 2.8.1,

R
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TABLE 3-6
MILLIMETER WAVE RAIN EXTINCTION PARAMETERS
Rain Temperature T, °C a (35 GHz) b (35 GHz2) a (94 GH2) b (94 GH2)
Drizzle 0 0.0040 1.085 0.294 0.870
20 0.0039 1.106 0.309 0.859
Widespread 0 0.0562 0951 0.335 0.638
20 0.063 0.945 0.345 0.634
Thunderstorm 0 0.084 0.775 0.230 0.617
2 0.082 0.771 0.230 0.614
324 SNOW TABLE 3-7
The transmittance T)(A) through snow may be esti- MILLIMETER WAVE SNOW
mated using Eq. 3-12. Fur visible and near IR radiation, EXTINCTION PARAMETERS
the precipitation extinction coefficient yp(A) for snow
may be calculated from visibility: Snow Type|c (35 GHz) |d (35 GH) |c (94 GHu) |d (94 GHa)
. 3912 - Dry 0.0125 1.60 0.08 1.26
s (vis, near IR) = Jkm™ (3-17)  Mois 060 | 09 | 031 | 075
Wet 0.235 0.95 0.61 0.75

Atlow relative humidities the snow extinction coeffi-
cient for the 3-5and 8-12um spectral bands also scales 1o
visibility. For relative humidities greater than 94%,
there is usually fog mixed with the snow. In this case,
the thermal extinction cocllicient of snow also depends
on temperature. For both the 3-5 and 8-12 um thermal
bands at low relative humidities, the visual scauering
coefficicntin the presence of snow may be used with the
assumption that the scattering is in the geometric optics
regions, and the Mic scatiering coefficient is 2.0 for both
visual and thermal radiation. However, visual scatter-
ing isstrongly peaked in the forward direction; thermal
radiation is scattered over a wider angle. Thus the mea-
sured thermal extinction (and that seen by a wide-
aperture thermal sensor) may be much higher,

‘The thermal precipitation exiinction coeflicient in
show may be estimated by

vps (thermal) = -2%1?- Jkm™. (3:18)

Cuw on mmw extinction by snow is extremely scarce.
Extinction of mmw radiation by snow may be approx.
imared wsing a power law relationship (Ref. 8):
va{mmw) = er? , km™ (3-19)
where
o.d = mow extindtion parametens, dimension-
lew
n = nain cquivalent snow rate, mm-h,
The values ol c and 4 depend on the wetiiess of the snow
awd the mmw wavelength, Values for c and d are lisied
in Table 3-7.

3-25 BLOWING DUST

The transmittance through blowing dast T(A) is
calculated using the speciral mass extinction coeflicient
for dust and the concentration path length product
(CL) of dust in the aunosphere:

TdN) = ¢ dimensionless (3-20)

where
adAh) = dust s exting ion coefficient for asny
wainddength A, w' g
Gl = concentration path length produce of
dint, g m'

The CL. producy of dust in the path is found by mulu.
plying the mass loading Z by the path length R. Mass
extinction covllicients for dustare given in Table $.8.*
Mas loading of dust into the atmosphiere may be esti-
mated from the visibility through dust by using the
values given in Table 3-9.

In the absence of blowing dust or dust storms, values
of ambient dust concentration range fiom 1.2 x 107
g/m’ for 1ural regions o 4-15 x 107 g/ m' for industrial
arcas,

326 OPTICAL TURBULENCE
The ellects of turbulence are most pronournced on

. active systems using last sources and least imporuant

*Transmitance through ou-y exhibits some spectral depen-
dence. The speciral imass etingtion cuefliciens depends on
the composition of the dusy, c.g., clay of quan. Leaiked
speciral ransmitance plot toe ditferend soils are found i
Rel. 10.
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TABLE 3-8
MASS EXTINCTION COEFFICIENTS
FOR DUST (Ref. 3)
MASS EXTINCTION
_ WAVELENGTH A COEFFICIENT axA), mz/g
vist 'e (0.4-0.7um) 0.32
near (R (0.7-1.1um) 0.30
1.06um 0.29
3-5um 0.27
8-12um 0.25
10.6um 0.25
33,94 GH: 0.001
TABLE 3-9
MASS LOADING

FROM VISIBILITY (Ref. 9)

VISIBILITY ¥, km MASS LOADING Z.g m'

0.2 LI1x 10"
0.47 69x10°
1.0 2.1x 10"
3.2 52x 107"
8.0 20x 10"

for passive imagers. The eflect of turbulence decreases
with increasing wavelength. Turhulence causes beam
spreading, beam wander, and wintillation (fluctua-
tions) in laser itlumination. These eflects are characier-
ized by (he beam radius, beam centroid displacement,
and the variance or covariance of the irradiance. The
efiect of scintillation on system perormance is de-
creased by averaging the power fluctuations over the
receiver aperture (aperture averaging); the larger the
receiver aperture, the smaller the effect of scintillation.
Imaging system degradation by turbulence-induced
blur or image motion is characterized by the optical
wanster fune tion (o coherence fegi s the wine
Ivenn nls,

‘The eflects of turbulence on laser and imaging sys-
tems are summarizd in Table 3-10. The appropriste
measure of turbulence effect is given in the right
column. The equations for calculating these Quantitics
are explained in this paragraph. More detailed treat-
ments of turbulence can be found in Refs. 11, 12,and 18,

Laser beam spread can be expressed in tenws of the
Suchl mtio, which is the ratio of the average on-axis
irradiance with wrbulence 10 the average on-axis irra-
diance without turbulence. The Strehl ratio is given by
{Ref. 12)

1 Lo Fenn

S = (1 + (D/70)'T", dimensionless  (3-21)

3-8

TABLE 3-10
OPTICAL TURBULENCE EFFECTS
Laser Systems “escriptor
Beam Spread
Short-Term Strehl Ratio
Long-Term Strekl Ratio
Beam Wander Centroid Movement

Descriptor

Optical Transfer Function Loss
Optical Transler Function Loss
Centroid Movement

Imaging Systems
Short-Term Blur
Long-Term Blur

_ Image Motion

2. Short-Term

a.Din<3}
Ss1 = [1 +0.182 (D/70)*T", dimensionless
(3-22)
b.Drn>3
So =1+ )’ —LI8MD )", (3-28)

dimensionless

where
D = elfective Lser aperture diameter, m
S = long-tenm Strehl ratio, dimensionless
S = short-term Stuehl ratio, dimensionless.,

The ratio of the beam diameter with wurbulence to the
beam diameter without turbuleace is equal 10 (Strehl
ratio) 2. U the wrbulence is uniform, the coherence
length reis (Ref. 12)

ro = 03325107 T H0'GIRY o (324)
where

Ca = indes of 5edra Hon ssctare comstant. m

‘This expression {or ve applies lor ranges of wctical

interest, I wurbulenve is not uniform, the turbulence

closest 1o the laser source will have the strongest eflect.

Daytime values o turbulence may range from C? of
107 m" ¥ (weak ) 156 x 10" m™ ¥ (moderate) to 6% 107"

wm ¥ (srong).
For homogeneo 15 turbulence, the root mean square
(rms) ful} width beam wander D, is (Ref. 13)
LDnss

D., = 0215 A"\ ¥ (10°R)"?, m(3-25)

L Diry> 3
D.; = 0.245 C. (10°R) D™'*, m. (3-26)




Scintillatiua may be approximated by (Ref. 13)
ot = 1.24 C,* (2m/0)"" (10°R)'S, W? (3-27)

where
0,/ = variance in average irradiance, W’

The effects of turbulence saturate at long ranges or in
strong turbulence; in general, o,* does not exceed 0.5.

Turbulence effects on imaging systems are generally
minor. For an ideal diffraction-limited sysiem, as the
aperture is increased above ro, the limiting resolution
becomes equal to that of a diffraction-limited system
with a diameter ro.

The image centroid wander for an imaging system in
homogeneous turbulence is characterized by its single-
axis variance o; (Ref. 13):

o:=1.08FD"C}I0°R, m* (3-28)

where
F = [ocal length, m.

3-2.7 ILLUMINATION

The performance of visual and near [R sysiems
depends on reflected natural illumination (ambient
light level), i.e, on daylight and the reflected night sky
radiance. Passive thermal signatures are influenced by
solar heating ot inwolation. There isa wide variation in
the available light level and insolation. The daytime
ambient light level and insolation are determined by
location, season, time of day, and cloud cover. Night.
time ambient light level is determined by sarlight,
phase of the moon, and cloud cover, as well as by
saattered man-made illumination.

The variation of natural light level is shown in Table
3-11, which gives illumination values for day and night
conditions. Daytime light level is affected by cloud
cover and solar angle (time of day, location, and sea.
son). Night light levels change with lunar phase and
cloud cover. The range of naturally occurring light
levels with season is illusirated by Fig. 3-1, which shows
typical light levels for day and night conditions a« a
function of sun or moon angle. The shaded band is the
night sky illuminance. Frequency of occurrence of light
level lor Germany at night is abulated, by senson, in
Ref. 15. Seasonal solar insolation variations are avail-
able in Ref. 16 as world maps with insolation contour
overlays. Fig. 3-2 is a sample of these data. Meun
monthly cloud cover variations are available in similar
form in Ref. 17 as illustrated in Fig. 3-3. A comprehen.
sive procedusre for scaling insolation using cloud cover
obeervations is described in Ref. 18.
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TABLE 3-11
NATURALLY OCCURRING LIGHT
LEVEL (Ref. 14)

Ambient Light l.n;gln Level (Im/m?)
Overcast Night Sky 5x10™
Clear Night Sky 1x107
¥ Moon 2x 107
Full Moon 1x10™
Overcast Day 5x 10°
Bright Day 5x 10

3-3 DESCRIPTION OF SELECTED
NATURAL ENVIRONMENTS

The natural environments selected for inclusion in
this handbook represent temperate, tropical, desert, and
high-latitude northern climates. The temperate north-
ermn European highland region includes the southern
part of the Federal Republic of Germany, excluding the
Rhine Valley, and portions of France, Switzerland,
Czechoslovakia, and East Germany. The tropical Cen-
tral American region includes the interior of Central
America. The Mideast desert region includes most of
Iran, Iraq, Syria, Jordan, the Saudi peninsula, Egypt,
and Sudan, except for the region surrounding the Per-
sian Gulf, Mediterranean Sea, and Red Sea. The high-
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Mean Selar Radiation, u-cal/temd/day)

George O. Lol, etal., World Distribution of Solar Rad:-
ation, Solar Energy L.aboratory, Report 21, University
of Wisconsin, Madison, W1, 1966.

Figure 3-2. Solar Insolation, January
(Ref. 16)

latitude region includes castern Scandinavia but ex-
cludes the western coastal regions and the northern
windra,

A brief climatological description of thewe four loca-
tions s included in pars. 3-3.1 through 3-3.4,. The pera-
graphs also contain summasry weather charts for each
region, which are broken down by season and time of
day. ‘These indicate the expecied values of iemperature,
relative humidity, absolute humidity, wind speed,
cloud cover, and Pasquill suability category. For a dis-
cussion of Pasquill categrory see par. 2-8.2.

Deuniled information un the causes and frequency of
naturally obscured weathicr in these regions is included
in pars. 3-4 through 3-7. Frequency of occurrence of
transmittance data in the visible, IR, and mmw spectral
regions is included for cities in the European and
Mideast desert regions. Thew transmitiance it per-
mit the system designer (o gauge the variation of
atmospheric ansmitance conditions and 10 estimate
how ofien the system may encounter marginal trans.
mittance conditions.

The weather data and transmitance daw in pars. $-3
through 3-7 were provided by the US Army Aumos-
pheric Sciences Laboratory (ASL) and are based on the
USAF Air Weather Service meteorological dam base,
the ASL EOSAEL computer code (Ref. 3), and the Glo-
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Figure 3-3. Mean Cloudiness in Percentage
of Sky Cover, January (Ref. 17)

bal Electro-Optics Systems Environment Matrix
(GEOSEM) data base (Ref. 19).

3.3.1 TEMPERATE ZONE (EUROPEAN
HIGHLANDS)

Thearea included in the European highlands region
is shown in the shaded area of Fig. 8-4. “‘The climate of
the highlands is continental in nature, but topugraphy
plays an important part in the accurrence ol adverse
weather. The diversified topography is characterized by
low rolling mountains isterspersed with long, winding
river valleys. This area represents a transition between
the mild, wet winters to the northwest and very cold, dry
Soviet winters. This region is influenced by both
weather regimes. Precipitation decreases [rom the weat
to the east. More precipitation occurs in the summer
than in the winter." (Ref. 3). Summary weather sutis-
tics {or the highlands are shown in Table 3-12.

3.3.2 TROPICS (CENTRAL AMERICA)

Central America bas a wopical climate strongly
aflecied by the trade winds, The climate has two distined

\\;y\\\}\\\

3 - .
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Figure 3-4. European Highlands Region
(Ref. 3)
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TABLE 3-12
EUROPEAN HIGHLANDS WEATHER SUMMARY CHART
(Mean value of observations reported over a 10-year period)

Wind Cloud
Temper- Ahsolute Velocity* Cloud Cover* Pasquill Category**
ature Humidity Visibility Mean/o, Height, Mean/o, (% of observations in each category)
T,°C p,g/m* ¥V, km m/s km % A R C D E F
Spring
Hours
20-02 5.8 5.9 115  3.1/35 19 54/40 0.0 0.0 00 412 162 426
03-09 4.3 5.8 96 3.1/35 1.8 63/39 0.0 42 143 551 69 195
10-14 ~ 9.0 6.0 129 42/33 2.1 68/33 24 198 176 603 0.0 0.0
15-19 10.1 59 148 4.1/3.2 25 67/32 0.3 5.1 16.2 66.2 5.0. 71
Summer
Hours :
20-02 14.2 10.0 122 23728 2.2 51/39 0.0 0.0 00 277 160 56.3
03-09 12.6 98 97 23/29 20 56/39 00 135 158 385 64 259
10-14 18.3 10.1 139 3.6/27 2.1 61/3% 87 279 214 420 0.0 0.0
15-19 19.3 99 16.1 3$.5/2.7 2.7 61/32 0.7 107 243 643 0.0 0.0
Fall
Hours
20-02 9.1 8.0 9.7 2.6/34 1.6 54/42 0.0 0.0 0.0 374 134 492
03-09 7.8 7.7 79 26433 1.6 63/%9 0.0 0.0 126 5338 76 264
10-14 12.3 8.3 1.3 3.6/33 2.1 65/34 16 184 227 574 0.0 0.0
15-19 129 8.3 129 3.8/3.2 26 62/8% 0.0 37 145 499 8.7 232
Winter
Hours
20-02 0.4 4.6 8.1 3.7/4.0 1.2 7%/37 0.0 0.0 00 637 112 254
03-09 0.2 4.5 1.3 3.7/4.2 11 76/35 0.0 0.0 0.0 673 108 224
10-14 1.4 4. B6 4.1/40 1.6 7881 0.0 57 117 165 00 0.0
15-19 1.8 4.7 9.2 3.9/39 1.7 75:8% 0.0 0.0 7.2 19 66 123

*Entries are meansuandard deviation,
S*For a discussion of Pasquill category se par, 2-8.2,

phases: a dry scason extending from January through
April and 2 wet season from June to October with
transitional seasons between. Rain is heavier on the
Atlantic side than on the Pacific side or in the interior
mountains. Fog seldom occurs or, the coast; the imerior
stations occasionahly have shallow morning fogs, which
dissipute quickly. Dust stormys may be stirred up by
northers in the dry season; these cause limited visibility
(Ref. 19).

The area included in the Central American climatol-
ogy is shown in the shaded area of Fig. 3-5. summary
weather statistics for the Central American interior
region are shown in Table 318,

333 DESERT (MIDEAST DESERT)

‘The areas included in the Mideast desert climatology
are shown in the shaded area of Fig. 3:6. ""The desent

regions comprise the greatest climatic classilication in

Atlantie Seqion

Figure 3-5. Central American Region
(Ref. 19)
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TABLE 3-13
CENTRAL AMERICAN INTERIOR WEATHER SUMMARY CHART
(Mean value of observations reported over a 10-year period)

Wind Cloud
Temper- Absolute Velocity* Cloud Cover* Pasquill Category**
ature  Humidity Visibility Mean/c, Height, Mean/o, (% of observations in each category)
T.°C  p,g’/m* ¥V, km m/s km % A B C D E F
Spring
Hours
20-02 22.1 12.1 14.5 2217 58 64/35 0.0 0.0 00 258 2712 470
03-09 222 124 14.4 15718 6.7 66/27 69 186 375 215 35 119
10-11 28.6 12.1 18.2 5.0 2.0 6.9 6620 328 276 294 102 0.0 KH
1519 28.0 12.1 16.8 3321 9.8 7028 33 174 215 518 0.0 0.0
Summer
Hours
20-02 21.0 149 17.1 16 19 6.8 7327 0.0 0.0 00 213 233 554
03-09 21.0 15.1 16.6 1.6 1.8 8.3 7421 75 166 343 263 35 1.8
10-14 26.1 140 210 32721 9.4 7417 312 22 323 144 0.0 0.0
t5-19 25.6 14.2 195 30 23 1.3 77 18 40 168 216 411 6.2 102
Fall
Hours
20-02 19.1 15.3 186 2220 1.7 59 34 0.0 ¢.0 0.0 271 198  53.1
03-09 13.9 15.2 17.5 21 22 6.9 6527 52 189 116 295 8.6 313
10-14 245 153 215 3729 7.6 69 22 59 285 195 6.1 0.0 0.0
15-19 239 15.4 209 8.1 22 83 6923 0.0 8.1 155 436 125 203
Winter
Hours
20.02 20.1 13.4 195 27 27 13 44 35 0.0 0.0 0.0 240 22 538
03-04 19.1 13.6 18.5 21238 18 53 30 8.1 165 230 254 65 204
10-14 254 1.2 20 4025 50 59 26 185 227 332 256 0.0 0.0
15-14 26.0 14.4 218 4.0 25 51 57 26 0.8 95 42 474 145 136

*Ennes are mean standatd deviation,
S*Far a divcussion of Pasgquidl ciegory see pan, 282

F ik_t;re 3-6. Mideast Desert Region (Ref. 3)

the Mideast atea, Howeser, one cannet sgnose the dil-
frience between the desetts of the Atabian Peninsala,
the hagh deseris of Tran and Mghanistan, the Mewopo-

AN

amian Plain, and the Frans-Jordan, The main differ.
envesitre the temperatare regimes and the frequencey of
ocaarrence of dust. Mean daily maximum and min.
nm emperatures inosummer range between 38° o
A6°C and 20° w0 28°C. tn the coldest winter month,
usually January, aftcrnoon wmperatures range from
the mid-teens o the mid-20 However they drop to
about 10°C an the higher clevations. Early moming
temperatores i fanuary range from 5°C to the low
teens except in the higher elevations where sumewhat
lower values prevail. In gencral, dimnal vartatiom in
temperature are greatest in the summer. Predominanty
clear akies promote intense solar heating by day and
rapid radiational cooling by night, resuluing in dinmal
wemperature ranges of 200 w0 25°C Temperatures of
3R°C or higher have been observed as carly as February
and i lute ax November, Many lowland locations have
tecorded temperatures between 45° and 50°C, and
temperatures are estinated to reack as high a8 57°Cin
portions of Saudi Arabia. Sandstonms and duststorms
are imporant dimatic features of the desert regeons.
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TABLE 3-14
MIDEAST DESERT WEATHER SUMMARY CHART
(Mean value of cbservations reported over a 10-year period)

Cloud
Cover* Pasquill Category**
Mean/o, (% of observaiions in each category)
% A B C D E F

Wind
Temper- Absolute Velocity* Cloud

ature Humidity Visibility Mean/o, Height,

T.°C p,g/m* V,km m/s km
Spring
Hours
20-02 15.9 7.1 15.7 38.2/32 1.3
03-09 14.9 7.2 144 29/3.1 1.6
10-14 219 7.0 154 4.0/85 1.7
15-19 235 6.7 145  4.5/3.7 19
Summer
Hours
20-02 25.2 95 166 3.5/8.3 0.5
03-09 24.3 9.4 15.1 3.1/3.2 0.6
10-14 32.1 93 160 4.1/83 0.7
15-19 349 8.4 14.7 4.7/35 0.7
Fall
Hours
20-02 17.4 79 164 25727 08
03-09 16.0 1.6 150 2226 1.0
10-14 238 7.6 162 3.i/3.0 1.2
15-19 25 4 7.0 153 3.2/8.2 1.2
Winter
Hours
23-02 6.6 5.4 149 2729 1.2
03-03 5.1 52 133 25130 i.5
10-14 10.9 5.4 147 1334 1.7
15-19 1.7 53 143 3233 1.8

32/36 0.0 00 00 272 219 510
35/36 30 147 219 330 66 20.8
42/35 180 255 253 312 ¢o 00
47/35 1.7 88 2.2 618 2.5 5.0

10/22 c.0 0.0 00 236 238 526
11/23 57 188 233 312 51 16.0
13728 21,1 280 321 (28 0.0 0.0
14/23 36 134 260 537 09 23

19/30 0.0 0.0 00 149 188 663
2131 11 158 212 194 70 355
2631 144 372 247 8 0.0 0.0
2631 09 108 228 118 52 189

3839 0.0 0.0 0.0 2.7 190 544
239 0.0 78 193 36 76 304
18 47 50 249 271 430 0.0 0.0
14 37 0.0 54 167 470 i 220

*Entries are mean standard deviaton,
**Fut a tisc wssion ol Pasgpuill category see par. 282,

Because of the vast area of the desert, the effects of these
storms are feluin the othet dlimatie regions, Vistbalites
are greatly reduced at nmes. Dusistorms are inost fre-
quent in the summer and especially i the deep ailt
arcas of the Tigris-Euphrates basin, With the sitense
heat ol summer, sttong convertive currents over the atea
Lift dust o great heights, and if the winds alofy are
streng, the dustis caried great distances, Thetop ol the
dust layer could extend above 4500 m and remain sus-
pended for days. A hazard to aircraft operations occun
when surface visibility impsoves but the dust layer sull
prevents the aircralt rom seeing the ground unul the
atrcraflt dewends brlow 200 m.” (Rel, 33, Summary
weathet statistios for the Mideast desert region are given
in Table $-14.

3-3.4 HIGH-LATITUDE NORTHERN
ENVIRONMENT (SCANDINAVIA)
The Scandinavian climaie is strongly conrolled by
topography and air circulation patterns. The actual

weather varies widely from one region o anothes
because of the intensity and paths of low pressure cen-
ters. The Scndinavian mountaim chain provides a bae-
Fier to weather systemns moving from the soudiwest,
Scandinav i is very clowdy with doud cover averaging
65-80% of the nme on the coasta, Fug accursoften i the
mountainsand in regions of southern Sweden (Red. 19).
The Seandinavian region is shown in the shaded area of
Fig. 3.7, Summary weather statistios {or the castern
Scandinavian regron are indluded in Table 3-15,

3.4 FREQUENCY OF CCCURRENCE
OF NATURAL O8SCURAT! N
FACTORS IN THE EUROPEAN
HIGHLANDS

The freguency of aconzrence data preseatad s
patagraph {or the European haghlands are from the
GEOSEM meteorological data base developed by the
US Army ASL using data from USAF A Weather
Service Environmental Technieal Applications Center
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TABLE 3-15
FEASTERN SCANDINAVIA WEATHER SUMMARY CHART
‘Mean value of observations reported over a 10-year period)

Wind Cloud
Temper- Absolute Velocity* Cloud  Cover* Pasquill Category**
ature Humidity Visibility Mean/o, Height, Mean/o, (% of observations in each category)
T.°C  p,g/m* V,km m/s km % A B C D E F
Spring
Hours
20-02 0.2 4.1 270  3.0/246 1.5 61/40 0.0 0.0 00 445 184 37.1
03-09 0.8 4.1 24.1  3.1/23 1.5 67/40 0.0 63 147 587 75 128
10-14 4.0 4.1 302 4523 1.6 70/32 08 130 170 69.1 2.0 0.0
15-19 19 4.1 327 43720 2.2 68/32 0.0 19 182 69.0 6.2 52
Summer
Hours
20-02 10.6 8.0 312 2719 1.9 57/36 0.0 2.0 51 455 146 348
03-05 10.0 8.1 281 248720 1.9 62/36 0.0 52 284 595 1.9 5.1
10-14 15.0 79 355 4.3/20 2.0 67/31 03 145 199 653 0.0 0.0
15-19 15.6 79 381 4222 29 63/31 0.0 1.7 212 749 0.7 1.5
Fall
Hours
20-02 20 53 240 3221 1.1 6939 0.0 0.0 00 591 162 247
03-09 1.7 A3 21 32722 N 74/36 0.0 0.0 79 133 69 120
10-14 44 55 262 4022 1.3 76/30 0.0 28 170 802 0.0 0.0
1519 4.1 5.6 261 3622 1.8 7432 0.0 0.0 56 7172 67 105
Winter
Hours
2-02 -H 4 33 189 3527 1.0 PAR ] 0.0 0.0 00 656 118 226
03.09 -6.0 33 167 3424 1.0 7637 0.0 0o 21 691 95 193
10-14 4.2 34 193 3824 1.2 76-13 0.0 4 M8 309 0.7 22
15-19 13 16 206 3724 1.4 7435 0.0 0.0 15 T4 104 167

*Eutries are mean standard deviation,
**For o discusaion of Pasgquitl categury se par, 282,

L

Figure 3-7. Eastern Scandinavian Region
(Ref. 19)

AR

{(ETAC) metevrological observations. Atmospheri
transmittance data were developed by ASL ustng ETAC
data for individual tacteorological stations within a
larger climate region; the data represent lrequency ol
occutrende lor that station Jocation and not necessarily
for the fargey climatsc arca,

Fig. 5% presents trequensy of accuitence of obscura-
son s a Tunction of season, time of day (4 me prisads),
amd visibility class (dessthan E km, w3k, Jo 7 km,
and 7 km o highert. Table 3-16 gites 4 breakdown of
the Freqquend ity of acourrence by categories: {1 Hog, hare,
ar wist, (11 dusy, (1D dosede, nan, o thunderstorms,
v amow, (Vo ar weather with humaiday leas than 19
g o' (VD clear weather with humidiny cgual o o
exceeding 10 g m', (VID coting texs than 300 w, and
(VI ccaling 1=sa than 300 m with visibility less than
km.

Inaddition. representative freguenoy of oaourence of
tansmittnce graphs genetated by ASL are indluded for
the Fuhda gap region wichin the highlands region. The
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TABLE 3-16
EUROPEAN HIGHLANDS OBSCURATION STATISTICS
Total Percentage of Occurrences*
(% tc nearest tenth)

Winter _ Spring
Time Time
Category 20-02 03-99 10-14 15-19 Category 20-02 03-09 10-14 15-19
1 39.0 41.4 38.3 34.4 I 20.0 34.1 185 12.0
11 1.4 1.1 19 2.1 | ) 1.4 2.0 2.5 1.5
111 15.6 16.0 16.5 16.0 mn 4.9 15.1 159 17.0
v 10.3 11.2 12.3 10.2 1AY 4.3 5.6 59 4.6
\" 35.4 325 33.3 39.1 Vv 58.8 45.7 56.3 63.8
VI 0.0 0.0 0.0 0.0 Vi 1.3 0.7 20 19
vl 26.1 306 28.6 23.1 vil 9.1 14.1 11.5 8.3
Vil 9.1 10.8 9.2 7.1 VIl 3.0 4.8 29 2.4
_ Sunmer Autumn
’ Time - Time
Category 20-02 03-09 10-14 15-19 Categorv 20-02 +2-09 10-14 15-19
I 19.2 36.8 14.8 8.2 1 35.9 49.8 318 21.9
il 1.1 1.6 1.6 0.8 11 1.0 0.9 1.9 1.4
111 15.7 13.7 148 17.2 111 14.0 14.5 14.7 14.9
v co 0.0 0.0 0.0 1 AY 0.3 0.6 0.4 0.5
Vv 38.5 31.4 39.0 43.3 \Y 40.6 30.9 41.0 48.1
VI 26.0 17.1 303 31.0 VI 7.8 4.1 109 13.6
vl 6.2 11.4 8.8 5.7 VII 12.3 21.8 16.9 9.1
Vi 2.1 4.2 1.8 1.5 VI 5.6 115 54 29

*Sum towals may be more than 100% as coexisting phenomena were counted in their proper category; therefore, some observations

were caunted twice.

graphs, in Fig. 3-9, show cumulative transmittance fre-
quency for 0.55, 1.06, 3-5, 10.6, and 8-12um, and 35 and
94 GHy. These graphs show iransmittance over avange
of 2km between the groundand a pointatan angle ot 20
deg above ground (26-deg look angle) lor four times of
day, local standard time (LST). The curves for cach
speciral band plot wansmittance in that spectral band
against cumulative frequency of vapsmittance—the
percertage of the tme that the ransmitiance 1s the
indgicated value or lower. For an imterpretation of how
1o use the charts, consider the figu. o for Fulda at 2400
hours. The $-5 gm transmittance curve (dotted hine)
indicates i cumulative requency of 25% for s
tance of 0.1, and a cumulative frequency of 100% for a
ransmittance of 0.5 This means that the transit-
tance is 10% or lower one fourth of the tme, and vety
exceeds 45%, atsmidnight io Fulda, over this 2-Km pti,

3-5 FREQUENCY OF OCCURRENCY
OF NATURAL OBSCURATION
FACTORS IN CENTRAL AMERICA
(INTERIOR RFGION)

This paragraph contains the same formats tor Cen-
tral America as par. 3-4 contained for Europe, except

tor the lack of frequency of oceurrence of transiit-
tance data,

Fig. 3-10 presents frequency of occurrence as a fune-
tion of season, ume of day, and visibinty cliass, Table
3-17 gives a breakdown of the frequencies of wecurrence
by categories: (1) fog, haze, or mist, (11 dust, (HI) drie-
Zle, rain, or thundersiorms, (IV) snow, (V) dden
weather with humidity less than 10 g m' (VD clewn
weather with humidity equal to o exceediag 108 m',
(VID) ceiling less than 300 m, und (VI cethng less
than 500 m with vistbility less than | ki,

3-6 FREQUENCY OF OCCURRENCE
OF NATURAL OBSCURATION
FACTORS IN THE MIDEAST
DESERT

This paragraph contins the obscutation hequency
data for the Mide stdesertaren, Vigo 3-11 presens fre-
quency of occurrence as 4 bunctuon of season, e of
day, and visihiiity chss (less than L km, Lo 3k, 3107
km, and 7 km o1 higher). Fable 3-18 gives a breakdown
of the frequencies of occerrence by categones: (1 log,
haze, or mist, (1D dust, (11D dnzele, van, o thander-
storms, (1V} snow, (V) clead weather with hunadin e
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TABLE 3-17
CENTRAL AMERICAN INTERIOR OBSCURATION STATISTICS
Total Percentage of Occurrences*
(% to nearest tenth)

_ Winter Spring
Time Time
ﬁatcgory 20-02 03-09 10-14 15-19 Category 20-02 03-09 10-14 15-19
I 45.4 58.0 54.9 42.0 I 16.5 4.7 36.8 26.5
H 0.0 0.6 0.3 1.8 Il 0.9 1.9 1.2 2.1
HI 14.1 10.8 10.4 14.7 m 46.8 10.4 11.8 29.0
v 0.0 0.0 0.0 0.0 v 0.0 0.0 0.0 0.0
Vv 5.3 2.9 9.3 12.9 A% 2.0 1.1 2.4 54
VI 325 25.2 22.1 25.7 Vi 26.6 35.3 38.0 28.1
Vil 1.7 1.7 0.0 0.7 VII 1.1 0.6 0.0 0.6
VII 0.4 0.2 0.0 0.1 VI 0.0 0.0 0.0 0.0
Summer Autumn
Time Time
Categor: 20-02 03-09 10-14 15-19 Category 20-02 03-09 10-14 15-19
l 29 4 70.7 59.8 38.2 1 54.9 68.0 58.2 46.2
I 1.3 P4 ) 3.7 I 0.6 1.3 09 23
1! 4.3 I18.8 285 43.4 I 27.1 175 24.0 333
v 0.0 0.0 0.6 0.1 IV 0.0 0.0 0.0 0.0
v 0.1 0.2 0.4 0.7 Vv 1.2 0.7 24 2.0
Vi 9.1 7.3 A 1.9 Vi 15.1 10.3 12.0 149
Vil L.h 2.5 0.5 0.8 Vil 32 3.2 2.2 N
vill 0.1 0.2 0.0 0.1 VIl 1.0 0.5 0.0 0.0

*Suen wtals may be more than 100% . coexisting phesomena were sounted in theis proper category; therefore, some observations

wepe countald twiee.

than 10 w', (VD clear weather with humidity equal 1o
otexceeding 10 m' (VID ceiling less than 300 m, and
(VD cetding Tess Qran 300 m with visibilits teothan |
hin.

o wthitton, Breguensy of aceuttenee ol tansimt-
tanee graphs generated by ASE e icuded e B
oo Madeast cien i dhe Tugh desent plhatean of Ban,
Flwraplhe i Fugo 3002 show warsintianee lieguenoy
o 0% 1, 800 106, gnd NP2 and 4 aad 8
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3-7 FREQUENCY OF OCCURRENCE
OF NATURAL OBSCURATION
FACTORS IN SCANDINAVIA
(EASTERN REGION)

This paragraph contans the obscuration frequency
data {or northern Scandinavia. Fig. 313 presents fre-
quency of occurrence as i lunction of season, time of
day, and visibility chivs (dess than km, Lo 3k, 307
km, and 7 km or higher). Table 3-19 sammanizes the
freqquency of occutrence by categories: (1) log, haee, or
mist, (1D dust, (18) anizale, rain, or thunderstorms, (V)
snuw, (V) clear weather with humidity ess than 10
g m' (VD) clear woather with humidity equal 10 or
exceeding 10 g m', (VI ceiling less than 300 m, and
(VI cothing less than 390 m with visibility less than |
km.
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EUROPEAN HIGHLANDS OBSCURATION STATISTICS

TABLE 3-18

Total Percentage of Occurrences*
(% to nearest tenth)

DOD-HDBK-178(ER)

Winter Spring
Time
Category 20-02 03-09 10-14 15-19 Category 20-02 03-09 10-14 15-19
1 58 13.2 9.0 49 I 2.0 7.1 4.4 29
Il 20 30 4.5 5.0 Il 4.6 6.2 8.5 8.1
m 6.3 5.5 LXH 54 11 5.9 4.4 4.4 5.5
v 2.0 240 2.1 1.7 A" 0.4 04 0.4 0.2
\Y% 81.7 - 76.4 81.5 Vv 75.5 70.6 720 74.3
V1 2.2 1.8 29 2.6 VI 118 11.4 10.5 9.0
vil 2.7 42 4.2 3.4 VII 1.0 1.5 1.8 2.0
vl 0.9 1.8 0.9 0.6 Vil 0.2 0.3 03 0.3
Summer Autumn
Time
Category 20-062 03-09 10-14 15-19 Category 20-02 03-09 10-14 15-19
1 19 74 54 38 1 20 8.2 56 30
i1 2.7 419 7.1 7.3 u 1.5 28 4.0 3
! 1.8 08 08 1.0 i 38 2.4 23 26
IV 0.0 0.0 0.0 0.0 v 0.1 0.1 0.0 0.0
v 60.0 58.2 59.9 69.8 v 69.9 68.9 70.% 78.8
Vi 336 28.8 26.7 18.0 Wi 24 17.6 17.5 12.2
Vil 03 0.5 03 0.4 Vil 05 0.7 0.7 0.7
Vill 0.1 0.1 0.1 0.1 VI 0.1 0.2 0.1 0.1

*Sumn totals may be more than 100% as coexisting phenomena were counted in their proper category: therefore, some observations

were counted iwice
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TABLE 3-19
EASTERN SCANDINAVIA OBSCURATION STATISTICS
Total Percentage or Occurrences*
(% to nearest tenth)

Winter Spring
Time Time
Category 20-02 03-00 10-14 15-19 Category 20-02 03-09 10-14 15-19
| 13.1 i5.5 138 135 1 10.8 17.6 79 5.2
1 0.0 0.0 0.0 0.0 u 0.0 0.0 0.0 0.0
I 8.9 8.8 83 98 41 11.9 3.2 10.8 13.2
v 3C.6 30.0 529 26.8 v 10.2 18.7 14.¢ 11.1
Vv 46.7 45.4 44.6 19.5 Vv 66.4 58.8 66.7 69.3
Vi 0.0 0.0 0.0 0.0 Vi 0.9 0.0 0.0 0.0
\41! 368 40.2 33.1 29.5 Vil 18.2 253 14.2 10.3
VIl 2.7 38 25 16 Vi 1.7 4.1 0.4 03
Summer Autumn
Time Time
Category 20-02 03-09 10-14 1519 __g{u'sﬂﬂ 20-02 03.-09 10-14 15-19
i 13.7 2.5 ha 3.7 H 15.8 22 18.1 12.0
1} 0.1 0.0 1.0 0.1 1 0.0 0.0 0.0 0.0
il 159 4.8 19.3 20.4 1} 174 16.4 8.8 198
v 0.4 03 07 0.4 1A LX) 9.7 10.7 7.1
v 57.2 524 6t 8 628 v 51.7 LY 57.1 60.5
Vi J2.4 110 121 12.3 vl 0.0 0.0 0.0 0.6
il 8.7 6.1 i1 4.1 Vit M8 356 278 20.9
Vi 0.5 1.9 0.1 0.1 Vil LN 39 33 kW

i totabs may be arate than 100% avcoesiviing phesomena were countetd 1o thesz propes sategorn  therdfore, some obartvatons
wrtr conated twige,

REFERENCES

6. J. O Laws amd D. A. Patsons, “The Relation of

F. X Kacieys, ot al, Atmaspherie Trasa aitancd
Radanee Lomputes Cude LOWTRAN S, AFGH
TR-80-0067, U'S Aty Force Grophvaics Labssatorny,
Hanmoumb AFB. MA, 1980,

CHL B P Smith, et all, FASUQDE - Fast Atmos.

pherie Nignature Cade (Nprittal Transentiance
and Radiance), AFGL-TR-0067, U'S Ait Fower
Geophyac babotatony, anwomb AFR. MA 1978,

Lo D Duacan, ot al. SONAED 82, ASL TR

0122, US Army Atmuasphicris Sienoes Laborateny,
White Sands Minile Range, NM, 1982,

CRoPinnuk, ctal  Relebonships Between IR Extine.

tion, Absorption. and Ligurd Water Cuntent o
Fogs, ASL-TR-0037, US Army Aviinphienie Saca-
cer Laboratony, Whae Sanvds Massile Range, NM,
1979

Manin D Kavs, et al, Qualitative Deseniptvrm of

by uration Factors in Centizal Burape, ASL Moo
graph No. 4. U8 Army Atmaespivrin Msoctuees
Laboratosy, White Saruds Massile Range, XM, 9%

1-30

Raindrops o Intensity™, Uram. AM. Geophiys.

Umion 24, 452 {1941,

S jossand AL Waldvogel, " Ramdiop Siee Distnbu-

non and Samphing Siee Erron', ] Atmo, S 26,
566 (1969;.

DR, Brown, “An Emgurnical Madel for Near Mil-

Nimetet Wave Snow Fxtincron and Backwatter™,
Proceedings of 1982 4rmy Nciwence Canference,
West Point, NY, 1983

. Fo ML Patterson and . A, Gilletie, Mrasuremenls

of Vistbidity 15, Mass-Conceniration for Joborns
Noul Pattacles, Uol. 11, Nananal Conter for Aimos.
pheric Rescarch, Boukder, GO, 1978

. o B Houdale, vt al., 4 Study of dimosphene Dust,

ECOM5067, Aimenpherie Soenes Labotatory,
White Sands Misale Range, NM. 1965,

William 1. Wolle and Geotge . Zisas, Fuds, The
Infraved Handbook, Oflice ol Naval Rewarch,
Arhngton, VA, 1978,




i2. M. B. Richaruson, A General Algorithm for the
Caiculation of Laser Beam Spreading, ASL-TR-
0116. US Army Atmospheric Sciences Laboratory,
White Sands Missile Range, NM, 1981.

13. Frederick G. Gebhardt, Development of Turbu-
lence Effects Models, Science Applications, Inc.,
Ann Arbor, MI, 1980.

14. D. S. Bond and F. P. Henderson, The Conquest of
Darkness, David Sarnotf Research Center, Prince-
ton, NJ, 1963.

15. T. J. V. Schie, Nocturnal Hlumination and Decrease
of Contrast in the Atmosphere, TNO, Amsterdam,
Netherlands, 1969.

16. George 0. Lol. et al., Worldunde Distribution of
Solar Radiation, Solar Encrgy Laboratory, Untver-
sity of Wisconsin, Madison, W1, 1906,

DOD-HDBK-178(ER)

17. William L. Wolle, Ed., Hand%0k of Military
Infrared Technology, Office of Naval Research,
Washington, DC, 1965.

18. Ralph Shapiro, Solar Radiative Flux Calculations
from Standard Surface Meteorological Observa-
tions, AFGL-TR-82-0039, US Air Foice Geophys-
ics Laboratory, Hanscomb AFB, MA, 1982,

19. Briuce Miers, Geosem Worldwide Data Base, US
Army Atmospheric Sciences Laboratory, White
Sands Missile Range, NM, 1984.

20. E. M. D’Arey and E. P. Avara, Slant Path Atmos-
pheric Transmission Statistics foi Visible Through
Millimeter Wavelengths, ASL-TR-G154, US Ay
Aunospheric Sciences Laboratory, White Sands
Missile Range, NM, 1984,

BIBLIOGRAPHY

Meteorology and Climatology

R. E. Huschke, Atmosphere Visual and injrared Trans-
misston Deduced from Surface Weather Observa-
tions: Weather and Warplanes U'l, Rand Corpora-
tion, Santa Monica, CA, 1976,

Marvin D. Kays, et al., Qualitative Description of Ob-
scuratton Factors in Central Ewope, ASL. Mono-
graph No. ., US Army Aumospheric Sciences Labar-
atory, White Sands Missiie Range, NM, 1980,

R. J. List, Smithsonian Meteoralogical Tables, Smith-
sonian Institution, Washingtea, DC, 1966,

George Q. Lof, coal., Worldwide Distribution of Solar
Radiation, Solar Energy Laboratory, University ol
Wisconsin, Madison, W1, 1966,

Bruce Miers, Geosem Worldwde Data Base, US Army
Atmospheric Sciences Laboratory, White Sands Mis-
sile Range, NM, 1984,

Ralph Shapiro, Solar Radicave Flux Calewiations
from Standard Surface Meteorological Observations,
AFGL-TR-82-0039, US Air Force Geophysics Labora-
tory, Hanscomb AFB, MA, 1982,

William Wolle, Ed., Handbook of Miliiary Infrared
Technology, Office of Naval Rescarch, Arlington,
VA, 1965.

Optical Propagation

Louis D. Duncan, et al,, EOSA&L 82, ASL-TR-0122,
US Army Aunospheric Sciences Laboratory, White
Sands Missile Range, NM, 1982,

Marvin D. Kays, et al., Qualitative Description of Ob-
scuration Factors in Central Furope, ASL. Mono-
graph No. 4, US Army Aunospheric Sciences Labor-
atory, White Sands Missile Range, NM, 1980,

F. X. Kneigys, et al., Atmeospheric Transonttance
Radiance Computer Code LOWTRAN 5, AFGL.-
TR-80-0067, US Air Force Geophysics Laboratory,
Hanscomb AFB, MA, 1980

Farl. J. McCartev, Optics of the dimosphere, John
Wiley & Sons, New York, NY, 1976,

W.F K Middleton, ision Throagh the Atmosphere,
University ot Toranto Press, Poronto, Canada, 14952,

T. . V. Schie, Nocturnal Hlumination and Decrease of
Contrast tn the Adtrmasphere, TNOC Amsterdam,
Netherlnds, 1969,

H. J. P Smith, et ad, FASCODNE=Fast dtmospheri
Stgnature Code (Sg:ectral Transmuttance and Radi-
anced, AFGLTR-0067, US An Fore Geophivsios
Laboratory, Hinseornh AFRB, MA, 197N,

D. Bruce Tumer, A Dilfusion Model foi an Urban
Avea”, Jouraal of Apphied Meteorology, B3-491 (Feb-
ruary 1961),

William 1. Walle and Gearge ] Zasas, Eads, The
Infrared Handbook, Odfice ol Navid Reseanch, W ling-
ton, VA, 1978,

Fontted Visihility Battlefield <.onditions, Phe Technie
cai Coorditution Group, Joint Acion Group (JAG)
10, 1943,

Status Report on Linear Amospheric Transmusion,
The Technical Coordination Group, Joint Action
Group (JAG) 5, 1477,

Turbulence
Louis D. Duncan, et al,, EOSAEL 82, ASL-TR-0122,
US Army Armosphetic Sciences Laboratory, Whie
Sands Massile Range. NM, 1982,

3-31




-

DOD-HDBK-178(ER)

Frederick Gebhadt, Development of Turbulence Effects
Modely, Science Applications, Inc.. Ann Arbor, MI,
1980,

R. F. Lutomirski, et al., Degradation of Laser Svstems
by Atmospheric Turbulence, Rand Corporation,
Santa Monica, CA, 1973,

VoL Tovarski, The Effects oy Twrbuent Atmosphere on
Wave Propagation, Isracl Program for Scienufic
Translations, Jerusilem, Israel, 1971.

Withiam Wolle and Gearge Zissis, Eds., The Infrarved
Hundbook, tovivonmental Rescarch Instutate of
Michigan, Ann \rbor, MI, 1978,

Other Relevant Literature

G. B. Hoidale, et al., 4 Study of Atmospheric Dust,
ECOM-5067, Atmospheric Sciences Laboratory,
Whice Sands Missile Range, NM, 1967.

AMCP 706-117, Engineering Design Handbook, En-
vironmental Series, Part Three, Induced Environ-
mental Factors, 1976,

Combat Environment Obscuration Handbook ( Draft),
Smoke and Aeroscl Working Group, Joint Techni-
cal Coordination Group Munition Effectiveness,
Aberdeen Proving Ground, MD, 1984.




DOD-HDBK-178(ER)

CHAPTER 4
PHYSICAL PROPERTIES OF
BATTLEFIELD-INDUCED CONTAMINANTS

This chapter is a guantitative description of battlefield-induced contaminants, including smokes and
odscuration materials; it includes a discussion of munition explosions, launcher-associated obscuration,
vehicular factors, and battlefield fives. It also contains sample illustrations of artillery, smoke, and vehicle
usage, which indicate reasonable levels of battlefield obscurants. These combat examples will be used in
the sample system performance calculations in Chapter 5.

4-0 LIST OF SYMBOLS

¢ = index of refraction structure constant, m™*
CL = concentration path length product, g m*

D = number of helicopter rotor diameters, dimensioniess

h = height, m

hy = height above source expressed in source radii, dimensionless

I = apparent radiant intensity, kW sy
OD = optical depth, dimensionless
r = hot spot radius, m
T = wmperature, K or °C
8T, = plun
T'r = measured peak fiveball wperataie, R
Tr = predicied volume veraged tempeeratine, K
37, = source iemperature above ambient, deg €
T = meanned volume averaged wemperatate, K
Tih) = wansmittance, dimensiondess

centerline temperature above ambient, deg C

TN = atmosphetic transmittance considering anly actosol oxtine ton, dinensianless

TAN = transmittance through HE dust or vehiioulin duse dinensionless

TAN = tranamittanee through lofied snow, dimetsionlen

Tolh) = atmosphenc tamsmittance consideting oy molecatar exancuon, duncostonless

= tansmittance thiough wnoke, dimensionless
1 = tme, s ot i
Yo = sield factor, dimenstondess

a(A) = obw unint mass extingion cocthicient for s wavelength A,y g

adA) = dust miss extingtion coeflicient for any wavelength A, ' g

eAA) = mass extinction coelficient fur olied snow lor any wavelength A, ¥ g

a,{A) = smoke mass extinctivn coelficient for any wavelength A, m? g

>
]

wavelength, ym

4-1 INTRODUCTION

This chapter provides the basis {or the cale ulations of
battieficld-induced comamipant effeds on sensor peg-
formance by descnbing the baulelicld-anduced conam.
mants; by providing mass extingtion coeflicicnis o

these contamnants; by giving s asessment of e
expecied concenation, o wiss losdiog, of thew con-
trminants on the bastleficld; and by developing timnbat
examples that ilustiate possible obs want concenu-
tiois on the batdeficld. The combat examples will In

11
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used with the quantitative obscurat:on data to calculate
obscurant effects on system performance.

Inventory smokes, including phosphorus, hexachlo-
roethane (HC), and [og oil smokes, are described in par.
1-2. Brief discussions of developmental smokes and
treat smokes are in:luded, but the data are limited to
keep the discussion at an unclassified level. Literature
references 1o documentation on threat smokes, candi-
date smokes, and developmental simokes are incladed in
the bibliography. Par. 4-3 treats munitions explosions
ard includes munition-generated dust and debris, as
well as a discussion of dust cloud temperature and
gaseous emissions. Launcher-associated obscuration,
vehicular factors, and bauldefield fires are characterized
in pars. 4--1 through 1-6. Battleficld contaminant usage
levels are developed in par. -7 by using examples of
artillery bavage-generated dust and debris, obscaring
smoke, iand vehicubar dust.

The mass extingtion coeflicients given in this chaprer
permit the calculation of transmittance throagh smoke
TaA) and vansmittance T\ thiough high explosive
(HE) dust or vehicular dust ('I'.’;(z\) tor latted snow)
which are wsed with the molecalan nansmittanee tenm
Twihy and the acrosol tansmittance i Fy(d) in o
340 o caleulate nansneittance A

T(A) = Tu(A) ToA) TUA) THA)

: : 4-1
dimensiaonless (4-1)

42 SMOKES AND OBSCURATION
MATERIAL

Phere wie founr well-estabfished methods of smoke
prostietion: burning phosphonsaan an, busnimg pyo-
tedine compositians, vapotization did recondensa-
tont of othaud dae dispeision o ieacine iguids (Red
e Phosplivnasy s nokes are formed Iy bhuring phose
phoyasvanan wlorm phosphorasonades, wiae babsorh
attospshietie moisture 10 ot actosols G difute plus:
photie aad, and they snas be debivened as huth-filled
white phosphores {WEL phisaniasd whine phosphoris
PP, oned phosphotin iRPL or e WE o RE sabe
wnpitions. i opucal propeiies of the snokes e
whentical sRell T Mostinaderns annues e phaspho.
TIRVITIE

Aerosods genctatd v Buanimg paaotechine ampose
o primardy HCamb the Yesshoy compuositiain, s
the secomd mast conmon mihitars smokes, HC ad the
Yershoy composstionts hum Invdiated actosals with
stnthan eantc tiort covfiu tems, Fhe T anobes used In
the Unated States and westen: Farapean countvie po-
duee ke chlonde serosols, swheteas the Yershon cons
posttionts used by Warsan Pacr commmnies pomdis o
anmontem o hlosude actosols (Rel

O bt aemrosols e coonhy wsed for spoke
sorconang Fhey ave tormed by spras g shiesel ol anhe

{2

engine manifold or by vaporizing fog cil with pyro-
technic or mechanica! generavors. The spectral charac-
teristics of the two oil smokes are similar. The U.S. has
fog oil generators and uses vehicle engine ex!
smoke systems (VEESS) tor armored vehicle protect.
‘The Warsaw Pact countries have an extensive oil smoke
generation capability.

‘The most common reactive smokes are chlorosul-
fonic acid (FS), +hich produces sulfuric acid smoke,
and titanium tetrachloride (FM), which produces dilute
titanium hydroxide and hydrochloric acid acrosols.
Both are similar 1o phosphorus in extinction proper-
ties. The reactive liquids are obsolete ir Us inventories
because they are highly corrosive and dangerous (Ref.
).

Representative spectral extinction voetficients of
these smokes, measured by the US Army Chemical
Rescearchand Development Center (CRDC)®, are shown
in Fig. 4-1. All of these smokes are effective in the visible
and are lesy elfective in the indrared (IR). Phosphorous
smokes have the highest Ba IR extinction. None ot
these smokes is effective at millimer-r wave (umwi
winvelengths,

Smokes currentdy in the US Army inventory include
phosphorus (uunitions and grenades), HEC muaninons
anch smoke pots, and fog ail tar genevators, All of these
genene white smokes, which attenuate by ditiasing o
scttering tadiation, They ate disted in Table 48 with
severalb loreign smohes and develapriental siokes,

Developmentid smobes and threat smokes are dis
casaed Bty atan uanchvsibicd Jovel i pass 322 1and
20, espedively, and acdecpoes o mare detatled
mlormation are provided,

spec il s extinetion coctiioents tor fog ol dies
sed ok, phosphoras, HC and anthracens sinokes are
given e Lable £20 Phe oobndated values e for 30%

ol Clictuead Satoon Pabnnatons (E8F -

.y
) . Brass! ¢ '
| v mrsAterseinsas (B0 BNt
o o Wiy Masghecye 13O% BNt

L B2

asx forract oe Taafeiz anmy «i, alrg

b « !
' ' . |
v : e < N

e I E m. s I I it

MHavetgngth 4, cm

Figure 4-1. Max Extinction Cocfficient of
Standard Screening Smohes (Refs. 1and 2)
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TABLE 4-1. INVENTORY AMD DEVELOPMENTAL SMOKES

(Refs. 2 and 3)
FILL WEIGHT, BURN DURATION, EFFICIENCY,

- MUNITION kg s *
155-mm HC ' 163} proicoule 8.61 100 70
105-mm HC M84A1l projectile 2.15 120 70
Smoke pot, HC M5 14.06 900 70
81-mm WP M375A2 0.73 45 100
4.2-in. WP M328A1 3.70 45 100
155-mm WP M110E2 7.09 60 100
155-mm WP M825 7.45 720 77
105-mm WP M60A2 1.74 75 100
60-mm WP M302A1 0.34 45 100
4.2-in, PWP M328A1 3.70 180 60
5-in. PWP Zuni Mk 6.15 180 60
Ol generator, M3A3Y 1512 Lh 900 100
2.75-in. WP rocket M156 0.96 120 -
L3AL RP 0.36 100 -
Grenade, hand M8 0.55 120 —
Smoke pot, SGFZ, M7 591 600 —
VELRSS M60 18141 h NA —
VEESS M1 3175 L h NA -
Developmental Items
8l-mm XM819 1.37 300 -
XM76 grenade — —_ _
Ol generator, XMH2 227 1h N A -
Foreign Munitions*
155 mm WP projecile 7.09 126 1
122-, 132-mm WP projecitle 3.59 L] 100
120-mm WP projecule 195 M 100
aum WP projeatile 0.34 17 10
122-;m PWP projectile 180 100

*European

309

TABLE 4-2. COMPARISON OF SPECTRAL MASS EXTINCTION COEFFICIENTS a(A)
(Refs. $a.0d §)

‘ Maxs Extis tion Cocflicient a Ay, m g

Wavelength A, um

0.4 10 0.7t 33 (i,
(_;_)in‘uram 0.7 1.2 1.06 Ttud R0 l2 . 10.6 S GHe
Fog Ol 6.8% .59 3 0.2 0.02 0.0 0.001*
Diesel O0} h.65 1.08 3.2 0.25 oo 0.03% 0.001*
Phosphotus o8 1.77 1.57 0.2 .38 0.48 0.001*
HC, 3 6b 2.67 2.0 019 0.03 0.0 0.001*
Anthracene 6. 3.50 2.00 0.2% 0.06 0.05 0.001*

*(r lower
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relative humidity ac 10°C. ‘The hygroscopic smokes,
e.g.. WP and HC, show some dependence on relative
humidity due to both change in refractive index and the
change in particle size as droplets take up water from
theair. The change in extinction coefficientof WP and
HC with relative hamidity is discussed in pars, 4-2.1
and 4-2.2,

Transmittance T0(A) through smoke s caleulated
from the extindion coefficient a,{A) and the CL prod-
uct of obscurant:

T«\) = e-avrcd dimensionless  (4-2)
whure

C1. = concentration path length product, g m?
a:(A) = smoke untss extincion coetficient lor any
wavelength A, m° g,

Smoke concentation is discussed in pars, 2.1 through
-2 3 epreseniative CLL poduces of smoke may bedevel-
oped hrom the combat wsage levels in par. 171

4+2.1 PHOSPHORUS SMOKES

Phosphorus smoke is formed by buring clemental
phosphorus avair, I hvdvates vapadly wo tovm i phos.
photic adid aerosol. The burning phosphorus is very
Brig, i visually; the smoke iadiance abo s apparent in
thermad aagers . Bhosphorus sinohes ae not generadly
el over fuendiy positions becanse of the danges bom
the hot, ning phosphorus aed the acidin of the
stoke.

Bull phosphorus buns vers sagadlyand the tesule
g actosol rises quunch v Phsticiad white phosphoius,
phosphorus impregnated felt wedges, and 1l phos.
photus componitions e designed to burmore slowlhy
aned with increcasaed b unitorcan, Phe (il weigin

and burn time for standard phosphorus munitions are
given in Table 4-1.

Phosphorus smoke particles grow rapidly; they pull
moisture from the air and dilute the acid concentration.
The particle size, refractive index, and mass extinction
coefficient change as this happens. The expected size of
phosphorus aerosol particles depends on the atmos-
pheric relative humidity (RH). The effective extinction
coefficientand yield factor of WP smoke as a function of
relative humidity is shown in Table 4-3.

WP cloud temperature vs time for a bulk-filled 155-
mm projectife is given in Table 4-4. The right column
gives predicted average cloud temperature in neutral
atmospheric conditions developed using the Electro-
Opucal Systems Aumospheric Effects Library
(EOSAEL) code (Ref. 3). The measured peak cloud
emperature and average cloud temperature data are
shown in the left and center columns, respectively.
These temperature differences within the doud appear
as clutter o false targets when viewed through thermal
HIGIGING svsiems.

Tus ditticuin to predict the level of phosphorus smoke
tobeexpected ina hattlebicld envivonment, The amoum
of phasphorus smoke i the sensor line of sight depends
on many facorn induding the amaospheric conditions,
the placement of the smoke reltive w the sensor, the
quantty of simoke placed, and the frequency with
which s plaad, Indicanions of yeasonable levels of
WE are developed in the simoke usage illustration in
par 7.2 Phe WP concentiation path length plotfora
volley of six butk-fillead 1%-nan munitions, shown in
Fig. +-2 amdicatesatypreal shape for the WP concenuae
ton Vs tme acronaosemot line of sight (1OS), showing
Aapd anldup, ten a graaual fatloffas the doud s
blown past, Fusbulence i the simoke and local shifis i

TABLE 4-3. YIELD FACTOR AND MASS EXTINCTION COLEFFICIENT FOR
WP SMOKE AS A FUNCTION OF RELATIVE HUMIDITY
(Ref. 5)

Mass Extinetion Coe{ficient oAl mi g

Wavelength A, um

Vield Facior V.. 0.4t 0.7 w0 35 GHs
RH. % dimemvionlew 0.7 1.2 1.06 AETIR) L X9 ¥4 10.6 HGHr
% 139 260 1.5%0 L 0.26 0N V.35 0.001"
10 31.53 24 1.51 1.%0 0 0.3k 0.36 0.00}
W AR T 1.6 1.60 1.20 0.33 0.3 0.39 0.001
50 .3 LO8 V.97 .37 0.29 .38 0.38 0.001
70 510 190 208 .06 o 0.3 .35 0.001
W 7.85 3.0 2.3 2.1 0.4l 0.3 0. 0.001
o 11.70 208 2.6 2.0 018 027 0.26 0.001

)

SN ackl Lictos i il an . 2-5.2

"Nouomtasnal on value
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TABLE 4-4. WP CLOUD TEMPERATURE vs TIME (155-mm BULK-FILLED
PROJECTILE) UNDER NEUTRAL ATMOSPHERIC CONDITIONS

(Refs. 5 and 6)
Measu. Predicted*
Time Peak Fireball Volume Averaged Volume Averaged
4Ls Temperature T K Temperature T, K Temperature 7', K
0 2450 356 339
2 413-424 327-330 320
5 377-388 318-321 303
10 314-323 297-300 295
15 305-310 294-296 294
20 300-301 292-293 293

*EOSAEL dust model (Conditions: wemperature 16.9°C, 50% R, Pasquill Caegory G, wind 3.1 m s).

%
e R
d. | 135-an WP Reunda
I
|
il
Bl
$
s !
v\“_l"\ :

g . . o p

) » - 13 [T

Ting ¢, &

Figure 4-2, Integrated WP Smohke Coneen-
tration vs Time {Rel. 7)

wind velocity and direcion watl cavse agd local floe
nntons e dhe voncentvation.
WE smoke v a good visnal sacener, o maninad

screener in the thermal bands, and ineflecuve at immw
wavelengths.

4-2.2 HEXACHLOROETHANE (HC)

HC smoke is a pyrotechnic smoke generated by the
burning ol the HC compaosition of aluminium, zin
oxide, and hexachloroethane, Zine chloride s the
resulting hygroscopic sarosol. HEC buras more stowhy
than phosphorus and releases about one-ninth the
thermal energy per unit e thus it rises less and s not
dissipatedas guickly. Phestandard HC mumison s the
135 antillery -delivered MT6RY 1ound wuh a bl
weight of 8.61 Lz and a buin time of 100,

Fhermal cloud radiane e eliecns ae geneally notag-
mhcan for HOC muamitions. Changes in HE sanoke
extndion with R e less proboucad than with WY
smokes, but they areimportant. HE smoke vickd Lo
aned exstienon cocthoent, as o fucnon of elanve
humidin, e shown m Jable 15,

TABLE 4-5. YIELD FACTOR AND MASS EXTINCTION COEFFICIENT FOR
HC SMOKE AS A FUNCTION OF RELATIVE HUMIDITY

(Ref. 5)
i Maw Extin tion Cocflicient o (s, m™ g
Warelength A, um

Yield Factos ) ,* 0410 0.7 %0 35 Gy

RH. %  dimrmionien 0.7 2 1.06 Twd Rt 12 10.6 Gy
) 1.9 276 1.0 .40 017 0.0} 0.02 0.00}
)] I TH) 3.00 1 87 1.5 0.1 0.0 oo o.001
0 1.59 .60 241 204 02l 0.03 0.03 0.00}
50 1.49 $.006 267 POy ] o9 w03 0.0¢ 0.00)
70 2.40 AR T A7 20 014 0.0% 0.0% 100}
)] 572 205 2.1 20 0.7 0.0 o.on .o
95 10.49 1.8y 1.98 193 (18] 0.07 0.0 .00

i

*Yickd factor ts diwasved an g 207
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HC concentration on the batefield depends on the
firing rate and weather conditions. An illustration of
HC mtegrated path length alter a firing of four rounds,
it neutral atmospheric conditons, is shown in Fig. 4-3.

HC smoke 1s a good visual screener, a marginal
screener in the 3-5 um band, poor in the 8-12 um band,
and ineffective at mmw wavelengths.

4-2.3 DIESEL AND FOG OIL SMOKE

US Army oil smokes are dispensed by vaporizing
vehicle engine diesel fuel or specially supplied fog oil.
The resulting oil droplet acrosol is neither exothermic
nor hyvgroscopic; thus it has no thermally induced
buoyanoy and stays closer to the ground than HGor WP
SORTCnReTs,

Ol siokes, unlike WP and HCsmokes, are produced
at a constant rate. Producnon ends only when the oil
his been ased up or the engine or gencrator has
stopped. Aepnesentinive ploc ot the log ol concentia-
tion acated by four tog ot generitors vs e is shown
i Frg. L The fluctiuations in concenmation nudicate
the eftect of focad meearaslogical condinons,

Ol smohes e etfecinve soeeners ondy at visible and
nea IR winelengths,

1-24 DEVELOPMENTAL SMOKES

Lnentany simohes provude good attepuation i the
visthle and near TR regions, lanve nuaginal effec tivetiess
i the thevmal inds and e ietfecnye at mimw wane
fengthn, Ay iesearc b and developient programs wie
unastigatng the development ol smoles with e
mudispectial socemmg capalnhities (Rel by Phe de-
sttt consaderations for effecine soreening sterabs e
discinsad i Rel. X Informason ondeselopmental amd
cantdudate suokes s contamed e Reds 90l 10,

125 THREAT SMOKES
Sinokes of the Waraw Pact Coummes s hade prhos.
phoras amokes, pyrotes loue simohes (Yenshoy compuon -

2}
} Tour 133-an 1K Ruunde

d .1
i /

]

A
i
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s
it
L e R I e |
Tiam ¢, @

Figure -3, Integrated 1O Smoke Concene

tration vs Tame (Ref. 7
4-H

L Four FO Generators

4+

o —_ A "

— - e,
[ ] S8 100 158 208 %9 38 350
Time ¢, 8

Figure 4-1. Integrated Fog Oil Concentration
vs Time (Ref. 7)

uon}, and diesel o1l sinokes, The mass extinction coetti-
cients ot these smokes are shown i Fig, 41 Intonma-
ton on other e stokes is not avatlable on an
undlassitied basis but iy induded in Rel. 11 System
designers should consult CRDCand the Foreign Saence
and Fechpology Center (FS TO) Lo characienizations ol
thieat smokes i then sastent speansd band.

43 MUNITION EXPLOSIONS

As dicussed i pan 252 mmtion explosions aie

chatacierized by duee phasess T the papace phase,
st and fange hianks of debios are haled glo, o ho
dustand-tne ball several meras aoroan s lornmed, and
aorooder dust sk 600 o wade and 123 m hagh®
develops, In the e phase, the dasteand-diue bail
exnpands and thes wapudiy, the hirge debis seule o,
antd the dust share dittases slow v, Fainallv i the diibe
and disspation phase, the domd, blown by the waned,
dinapates,

Fhe et plaase lasts oy o few secongds, butda
g that perioed there ssosuthoent debns adodvw e
nept nunw LON. The heat and boght Bight B the
eaplovion amd Lireball nrs satutate visaal and ther
mal wisots, T the i phase and the dote aed disse
patson phase theral tadiance may ol be anpaonan,
In the dalt amd dissipatton pluse, the aabome duase
was sl Block vable and thenmal ansmittanee, b
munw svstens aie unaflened.

Concentration Path Length Product CL, g/e?
-

4-3.1  DUST AND DEBRIS

Fag. 65 dllustates the vaaton i tansmntitanee
thwough the Coud with e as the ciowd s genctatad
and slowh divagaates. The inegular singonie agan
mdicates mrbulent mavng i the dust dlowd. Reatine
ne obwourant fevels for an HE mamnon banage can
be developed o the arnliens usage example i poa

* e dins naaons apsply s Ve vt
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Figure 4-5. Near IR, Thermal, and Millimeter
Wave Transmittance After an HE
Explosion (Ref. 12)

70 Mass extimction socfbiosents for aoth Bage and
st dust paticdes are andcheded e Fable 160 Lrans.
e TAA: throngh dus s calonbated from be
CLoptaduct of the obsotant amd e specinal muass
extincton cocihoent aadd for e speenal bamd ol
e,

TAN) = coantt dunensiondess  (1-3)

DOD-HDBK-178(ER)

where
aA) = dust mass extinction coefficient tor
any wavelength A, m? g,
HE-generated dust may degrade visible, near IR,
and thermal sensor performance. The debris lofed in
the impact phase may break the mmw sensor LOS Tor
2 to 1 s the residual dust does not significandy
degrade mmw ransmitance. Two-way attenuations
ol 10 dBm and backscatter of <16 dBm at 94 GHz have
been observed on the centerline ol 105-mm HE explo-
stons. ‘Phe atenuation drops wapidly with distance
from the impact point and is negligible for lines ol
sight 15-20 m off the centerline (Rel. 13).

4-3.2 GASEOUS EMISSIONS AND HEAT

Exuemely high wemperatares develop in the HE-
munition fireball in the period immediately alte
impact, Tempevatures i the fiveball may reach above
1300 K, drop 10 350-100 K alier only two seconds, and
fall o ambiear wmperature i about five seconds,
Cloud temperature dataoys nime, tor thiee events redueced
from the Ranlefield-lnduced  Contamination Test
(BLCT) L e shown an Table 4-7. Fies, Lo and 47
show hot spot yadies v and doud centoud heghe,
respectiveiy, lor the same evenits,

Phe gincous emisstons lom muumitions explosions
e ude €O COL CHG ELO, B NG NHLG HON, and
HE. These goses ate geneiadly ot stgmibicant obseu-
rantts stmply hecanse they accur when severe obsonae
ton by presem due o loled dineand debs, and thermal
vllecis, However, ssuticulare carbon, g by -prastuct ol
swatie explosions, v a bactor m obsouration for shon
petiads of tne atier the detonation (Rel. B,

44 GUN-FIRING TR LAUNCHER-

ASSOCIATED U-BSCURATION
Obwoatation asax datca with the b of guns o
hoawircers o 1w het
degrade the pedoimam e of sanans an dhe platlosm,

with mnale o Lumdhes s
Obacuration s cansed by imuzede Thash taduane elleots,
the anenuation ol signal radistion by the sochet plae,
and by dunt and debnin pawad Iy e laundh o gun
fieng shax h wanve,

TABLE 4-6. MASS EXTINCTION COEFFICIENT a4Ai FOR HE DUNT

Obw urant

HE dust, simall
HE dus, laige

(Ref. 3)
- Maw Eatimntion (ar'lu 5«3; ALl W ok i o
Waveleng th A, pm
0410 0.7 w0 VY I P
8.7 1.2 1.06 A\ RS ‘ ] o l’ _ _w.aA o }i(.}h .
0.3 0.29 0 0.2 0.20 0.21 0.0M
0.4 o.M 0.014 004 0.04 0.04 (X1 1]

47
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TABLE -7 HE-GENERATED DUST CLOUD TEMPERATURE vs TIME

(Ref. 14)
Event HE2* Event HE3 Event HE9
Clay Soil Wet Sand Wet Soil

Time Temperature  Radius Time Temperature  Radius Time Temperature  Radius

Ls T.K r,m 6 T.K r.m t,s T.K r,m
H0.010 1750 2.4 — — — — _ —_
110 1360 26 — — — — — —_
0.210 1000 21 0.20 650+ 2.3 0.3 630+ 3.5
0.510 865 2.3 0.50 o0 2.6 .50 630 3.5

—_ — — 0.90 195 29 0.81 170 3.8
224 301 Lo LY 375 2.2 171 130 3.5
S 524 3.9 3.04 330 25 271 315 3.
Lo S00 o 105 315 3.0 [N 301 7.8
SRR 2UN 6.9 3495 305 11 — — —_

*Alevents wore tow g Eoy-kg bl
Shstromen satunneds actaal value was lugher.
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Figure 1-6. HE-Generated Dust Cloud Hot
Spot Radius vs Time (Rel. 1D
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Figure 4-7. HE-Generated Dust Cloud Cen-
wosd Height vs Time (Ref. 1)

B

4-4.1 MUZZLE FLASH

I'he muazzde thash aeated by the tiving oba projecale
homwvartillery weapon is appanent i the visible, nea
IR, and thermat speciad bands. Tos o shoredatanon
phenomenon on the order ol 125 ms peakovadiation s
seenatabont 20-25 ms adier the blast, and the peak value
decavy by one-hatb ar 152050 ms alter the blast (Rel. 1o,
Phe ettes tis shortaenm detes tor satutation for wosensol
tonk g atthe muzele thash Fig. B shows the appatemt
muszde thash signatie of an M-o 195 san i the
LA L70pm aed sprher msstde band; the data were
tahen 730w Grom the gun,

he peak apparent muozade o signatues o the 325
st band excevded § s 10 W a0 (Rel Ta, Mueele Hash
stnatures i the 88200 wegian shew the wane tane
dependence bt are agmhoamb lower in magiade
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Figure 4-8. Apparent Radiant Intensity of an
M-68 105-mm Gun in the 4.35 to 4.70 um
Spectral Band (Ref. 16)




(by one-fifth 1o one-half the peak radiance) because the
muzzle gases, primarily CO; and hot H,0, are less effi-
cient radiators in the thermal band. '

4-42 ROCKET PIL.UME

Rocket plumes can temporarily obscure visual and
thermal sensors for periods of several seconds. More
detailed measureinent data are contained in the classi-
fied literature (see Ref. 17).

4-4.3 DUST AND DEBRIS

Dust and debris raised by the shock wave irom a
missile or rocket launch or gun firing can temporarily
obscure the LOS of a sensor mounted on the weapon
platform, parucularly if the soil is dry or loose and not
secured by a vegetative cover. The obscuration may last
for several seconds. An LOS interruption may slow the
artillery firing rate or cause the gunner temporarily
lose track on a target.

4-5 VEHICULAR FACTORS

Militiny vehicles can Gause obscuration. This para-
graph describes vehicle-induced obscarans, indhuding
dust raised by the movement of acked ar wheeled
vehicles, snow and dust lotted by helicopter downwash,
and vehiculin giseous and particuline cmissions.

Extimated mass extinction coetlicients tor vehiede
geverated obsvouants—veliculan dost and helicoper -
lohted snow—are given in Fable 1Y Dransmittane
Tad thiough veluctegenerared obsennants s calon-
Lated using miane extinction coelbscgents o Vable 18
Al consentiation path lengile producs (7. abagned
Bom pars, B30 and 7.3 1on dust taased by i hesd o
whetled velocdes on Trom g, 3252 Lo hely upster Solted
stow andcust Forvetnoulandast 7 A i caloibaed n
wang P B3 Far helicopterJoited show
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4-5.1 DUST (TRACKED AND WHEELED
VEHICLES)

Dust loading into the atmosphere by tracked and
wheeled vehicles is determined by the amount of vegeta-
tive cover, the soil type and wetness, and the vehicle
muss and speed. On dirt roads (representing the limit-
ing case), the amount of dust raised by a vehicle is
roughly linear with velocity, and scales linearly with
the percent of silt in the soil. For example, in dry soil
with about 65% silt content, an armored personnel car-
rier (APC) will raise about 2.3* kg of dust per mph of
vehicle speed per mile covered. An M60 tank will raise
about 4.4* kg of dust per mph of vehicle speed per mile
covered (Ref. 19). Representative concentrations and
CL values for dust raise' by movement of columns of
tanks, rucks, and APCs can be obtained from the
vehicular dust example in par. 4-7.3. Transmittance
through dustis calculated using these C1values in Eq.
-4 with extinction covificients from Fable 1-8.

4-5.2 HELICOPTER DOWNWASH
(LOFTED SNOW AND LOFTED
DUST)

Dustand snow ofted by helicopter downwish will
teduce tamsmitince or break the LOS o the visible,
thermal, and nunw speciral banda, Becaase of the -
budencecansed by the dowinwash, the amount ol obson-
st an e sennor LOS will change rapidh o show
somie penotds of nean by otal obacuranon and others ol
easentialy no obscaration. Phis elledt s hesoated i
Fug. B9 which shows visible and X012 pm gansiin
taee through lolied snow, measmed duning the
SNOW.ONE-A fredd e,

he amount of dust or snow Jolicd by helicopte
downwash will depend on the hehieapier weaghe, yotor
diameter, heghes and el and on the sl sy,
wetnes andvegetatinve cover. bor wand speeds above
certstluneshald value, particdes begen o bounee along

Tal) = e dimensionless (- b
where
adhi = mass extonchon soelhioent fin bofusd N
show for any wavelength AL ind g *Uhes v apply B b O spmndohions e s mph
TABLE 4-8. MASS EXTINCTION COEFEICIENTS nxA) axl)
FOR VEHICLE-GENERATED OBSCURANTS
(Refs. 3, 5, and 18)
! e e 0 Fatintion Codllicien o amd arm @
Wavelength A, ym
Q4w 0.7 5 GH
b urant 87 .z .06 Y Ry L 18e MG
Vehtioulas Dust 0.2 0.30 0% 0.7 125 0. AV
Ladted Snow 8 0o 0.8 0.0% 0 0.00 o DOm0}
. o it i o it g v a0 A e et et S ¢t s . e+ em—— . “ . - .

*Or lower
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Figure 4-9. Transmittance Through Snow
Lofted by Helicopter Downwash (kef. 20)

e surbace i a made catled saltation”, A highe
velovies the smadler panticles 1ise into suspension,
Duning take-obl and Tanding the downwinhas capable
of hlung parndes om the ground, Dunng torwnd
Hight the pencraton will vy consideiabhy s the
forward velocs v o sitade of the helicopter macases,
the cllect ol downwast diminshes (Rel. 1

Data on obscuanon by helicopterdott o snow i
fonited, this paragrapl contans predimoaey data and
Sobased pronaniy on the SNOW-ONECV and SNOW.
EWO el v s Retss 200md 2 Fobied show coneene
tattons Bom G2 ' w28 m were teasuted i
these teste b eraged abiont g ' the pariacde sire
distnhation peaked ataosainion e tadis of 300 0.
These partic e stees aie i the geoliten i opties st
i g imte tor vahile and thenmad wanelengths How.
v st e data Brom the SNOW.ONE A waa
shivned bener viable transnstianee witl a sotemata
ditlvience of 3RS between the viable amd the IR
Phss shiflerence ssodoe woshe nasson e soattening angle
for il tadiation —cmote theomad encrgy s soattered
vt ok the Tield of Vicw of the tansnassion. The o

extinction coefficients for helicopter-lofied snow shown
ir Table 4-8 are based on these measurements. No
appreciable mmw atienuation was noted at the SNOW-
ONE-A test (Refs. 20 and 22).

Helicopter-lofted snow cloud dimensions depend on
the helicopter (weight, rotor diameter, altitude, and
forward spred) and on the characteristics of the snow
ground cover. Dry, fresh snow will result in a much
larger snow clovd than older, grainy snow. The
SNOW-ONE-A and SNOW-TWO tests were performed
on dry snow and thus probably indicate worst case
abscuration. Dimensions of snow clouds produced by
the UHITH helicopter in these tests ranged from 100 m
(wbour 8 rotor diameters) when the helicopter was
within 3 m of the ground 1o 0 m (no cloud) at heights
above 50 m. Table 4-9 gives vules of thumb 1o estimate
snow cloud triasmittanee as a funcuon of helicopter
attitude and rotor diameter. The estimated concentra-
tion path length product C7Lshown in ‘Table 429 was
cadcatated using Eqg. 48 Values i Table -9 give a
rule-ol-thumb estimaie of vistble, near IR, and thesinal
tansmittance through the hehicopier-lotted snow.

Measuraed quantitative data on helicopter-lofied dust
are Lmited. Measurements of dust lofted by an H-21
helicopter were made ac Yuma, AZ, and Fort Benning,
GAL In these wsts, the concentrations at takeoff and
Lendding reached 11.9g- m'. The highest dust concentra-
tions near g Liovering helicopter were measured directly
below the rotor hlade averlap and the lowest were mea-
sured bencarh e rotor blades. The peak values are
show:i in Table 4-10.
£3.3 GASEOQUS AND PARTICULATE

EMISSIONS

Cotsenus and paricnlane ciisagaos broas vehicde exc
Lausts ere st ey effent e - eneor perfaimance
€O aml GO do absenh i the thermal bands, amd e
Lo i excellent braadband anenator, but the s
haadhing af thew obs urants s low cnough that they
bave s agmifaant effecr omdy of the sense {08 ey -
sty the exhaang sl

TABRLE 4-9. ESTIMATED OBSCURATION FOR RELICOPTER-LOFTED SNOW*

(Ref. 18)
Apgruzimate
Helicopter Altitude Tranwmittanae 1% ivas, tear IR, theomal), Aporoaimate
tin rotor diametens [} dimensionles te.gm
(WY 1.0 0
D 0.6 i
2D 035 13
[} 015 ol

SN N s onasasy ddata oo EEEHEE I Doogie s hovenng vas iy ovan

1o
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TABLE 4-10. DUST CONCENTRATION
NEAR H-21 HELICOPTER
{Ref. 2%)

Dust Concentration, g'm'

Hover Height,| Drop Zone, Dust Course, Drop Zone,

m Yuma Yuma Fi. Benning

0.3 3.7 16 5.3

3.0 5.5 5.1 52
23.0 L6 11 0.9

4-6 BATTLEFIELD FIRES

Battlehield res have three maim cliecs on seasor
pertormance —radiance theator lighty of the tie inselt,
vansmitanee fosses through the fise producs (smoke
and hot gasess, and sy-tem degradation cansed by the
turbulent air aiound the the.

4+6.1 FIRE PRODUCTS

Vegetative Bie products e lude gases, prisnazth o
bon dioxtde and water vapor, and patiieuliates imelud-
mg cathon, soor, metal ovdes, aid stlicates, o oan
oxygen-deioient emvitamuent, cabon mononide, me-
rogen oxkdes, amd hvdrocarhons are aba produced.
Vehaoubar fue produc s anddude carhon dioxade . alde
haddes, orgame acids, strogen onides, carbohlvdnages,
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and portculates. Table -1 gives estimates of the gase-
ousand particulate components for vegetanive andveht-
dle fires, For vegetative fires, mass loading s given as
mass ol gas or parnculate mateer generated by baning
1 kg of vegetative mater. Vehienlar fne producs e
estimates oi the mass ol matter generated by buning
otie vehide, cluding mes and fael.

Carbon s the only tire product that is an important
attenuator at all visual and thermal wavelengths,
Exunciion by gascous components is generally not sig-
mbcant {or broadband radiation, even lor large tires
with path-inegrated concentattons Lol ap o B
g w° ol gascous products (Rel. 25). However, absor p-
tton by hot hydrocabons is imporant in the 355
wegion. Inaddivon, ke rudiation may be signiticanth
attenuated by gascous tire products o the Liser wanve-
length comndides with a gasabsorption line. Absorption
by MO may e important in the 3.8 pmaegion. A\bsorp-
ton by COr will clealy altecr CO; Tser perfonmance,

Mass oxtinction coethcients oy (Ar for the smoke
lormed 1y cnbon and buming diesed fuel e given
Pabie 122 Tansmntance T, (A hrough foe producs
h calondated using By 12

4-6.2 FIRE-INDUCED TURBULENCE
Fucahiced nebulence wilb canse kiser beanispreead
and shorters beam cenond jiter, by iagging sysicins
the viect o the tbulesce s smeaning ol the wge
wnage, Cadcalatons of tirhulence cllecs on propag..

- —

TABLE 4-11. MASS LOADING FOR FIRE PRODUCTS (Ref. 24)

Vegerative Fire

Vehitie Fire

Eminvion Emiwion,
Companent 2 Ax Cottponent Ag vrhidle
Carthion Dioagde 1001770 Carbon Daonde 1.1
Patticubates {8} Pasiculatn 04
Nuvrogen (Onsdes 1.5 Nurogen { e TRTRS
Catbon Monosade 10.25%0 Catbohvdiates 0.2
ladso arbons 4-20 Ahdehaibs uim
Watet Vaprn 250790 Orggan Mds 0.t

Reprantod watle pevamion o the Suiesc ™ hotonOpaacal istramentanan Figgnvs s SPTE - Bantars W Lo annd Layunant 5
Lovae Cognnght © dn e Sacoiety of Photo O, b Inaiiiseniation | agamens

TABLE 4-12. MASS EXTINCTION COEFFICIENTS FOR FIRE PRODUCTS
(Rels. 3, 4, and 26)

L s o A Enlinction Coetlicient oM on’
Wawlrngth A, um
040 8.7 w 15 G,
by urnnt wn'f‘:,._...‘_- . 1.2 1.06 ' ltad | ™) 12 ~ IG:&__A A _23 GHe
Carhon 1.0 1.0 {142 0.5 1R e o 0.004
Piesed Fuel .40 LX) 2

B L T S S N PO

s e——— & Lt i bt + e et an e ©

i M (RL 1.00 —
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tion are Ly complex. Geneval expetimental iesules
can, however, be used to give order of magnitude ost-
nates ol the | me parameters and the atmospheric
ellects associated wath tiese phinnes,

For a vertical e plume the plume conterhine wem-
peratare above ambient 8770 s approxumated by (Rel.
20

8T, = 6T deg C (4-5)

wihere
ST = sowc wemperanmire above ambient,
deg €
I, = haght above source expaessad i

sotnce trdin, dimensiondess,

Becatse normal wemperatme viaations i th - auno-
sphere aie of the order ol soseral ienths ol adegr o the
cquation predices thatthe ttnbulence dhicos e sientle
vt a4 heghe equal o toughiv 50 nmes the tae
tadns,

Vadues of the mdes ol relicon stuc e comtant
e plumes were foumd e van hom 10 m by, =
Poa 0 w7 i - o as conpared o atmosphen
Covtlues of about 10 7 0 107w 7

For the e ddose to the fne sl ) beam prites waes
toad o be o the tange o 108 to 600 mad abont an
annpomt that was displacea by Fao Fanvad i he
presence of the plume e progaganion gath s new
the vdyge ol the plume, phoane sandes conbd canse paa
with wagttade coual v the ampomt displacement,
Dhese values are obrasmad nsimg andy the portion ol ihe
prath howthe plume o the coger Beas piter cansald in
the atmosphore over the satne prth was an the tange ol
{06 OAR) .

Ia the wame s of the phane, the bean spread wan
Tovnd toaverage 8 5w L 0mad thall angderwathaiune
vartation of soughiy 1005 1 shoukd be noted i dhe
phane actsas astanbomogencons lens a i b oradingds
wies the v tey w hinth spot, senrntensitics st In
caniy prodiaed *

4-7 BATTLEFIELD OBSCURANT
USAGE LEVELS

Representatine combat envisinent examples e
developed hete o e gencral esels of vombar
nnbuc et obra utants kel s our i awoad camban, o
Loep the problem manageable, only ahe offevis o
AarttHeny alelinvered HE soutds, WP romnds, wivvming
vnshes, and veluiular dust ate considend. Theswe e
telvtobae svagor contnabators tocombatandig el ol ma-
Hone,

* Al s por 1o 2o bn anzall Law g e asns adianm
v vmghle 2 s Vadors ol agomieb b abug pluae:
sanm s et o phivm s whn b armmbone e atman 17 od e

fropagaio |u'|l

112

Fhree examples are considered. The fist derails the
dustobscuration due toanarvilery barrage The second
exannple describes the potential obsouration due o
artillony <deliverd WP smoke roun? | simoke pots, and
smcke generators, The mind exauple deals with dust
generated by nuek, tank, and APC uattic. Fhese exame
ples were extracted hom more comprehensive usage
examples developed by the Sinoke and Aerosol Work-
mg Grovp ol the Joint Technical CGoordination
Group Muattions Eflectiveness (JTCGME) for the
Conthat Encoonment Obscwration Handbook (Ret.
1),

Incack exinmple, the dataare presented as snapshots-
in-tuine as the scemario devdlops, There are two formats:
th downward-looking optical depth (OD) cver an area
several kitometers onaoside and (2 concentiation ata
Zan adnitude.

Opncaldepthoas detined as the negitive ol the nataal
locanth ol the sisible transutitance,

OD = = Int(is) = b advis) CL, (1-6)
dimensiondess

Pable 113 tabubates visual bansmiittane e v optaad
\h‘pﬂL

TABLE 4-13. OPTICAL DEPTH vy
VISUAL TRANSMITTANCE

Opatical Ixgath 022, Visnal Tramentanee Tivis),

:_limrmizmlr“ ‘ dimensienlon
thi (1R §]
0wy thil)
1o 037
P 013

A U KINY

Dovnvanddooking Q) vommits many be nsed o
evitmte pear RO aad abenma) ansaitamee ian
gt the o ainant in

TiA) = e v ar dimensiondess (4-7)

whete
atAdr = ol utant suss exting ion coclhisoenmt
for any warelength A, mv? g

¢l = JOD 0 dimensionles. (4-8)

[+ I1AF LY

The values of oA atc comtained 1o Table 12 (e for
unokes), Fable 4.6 (aid? lor BE-geocraed dusty, and
Fable 48 (adA) fior vehue ulay duse,

The sevond sbs urant format tvpe 3a a plot ol obu a-
ant conecntration at a 2om alunide over the arca con.
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tained in the downward-looking OD plots. These illus-
trations permit estimates of obscurant concentration
(and hence ransmittance ) over LLOS through the obscu-
rant.® For simplicity in comparing the OD and concen-
tration plots, CL values (at 2-m altitude) have been
indicated on the OD plots along the selecied LOS.

4-7.1 ARTILLERY EXAMPLE

The FE dust combat example is a first-day deliberate
attack against a puepared defense. The attacking foree
consists of seven 152-mm artillery battalions, three 130-
mm artillery baualions, one 122-mm artillery battalion,
and one multivle rocket launcher (MRL) unit. The
attack occurs over a H x 7-km area during the late morn-
ing in autumn in Cenwral Europe. **

Results are presented for a 2 x 5-km grid for wwo
snapshot-in-time intervals during the firse 30 min of

*CLoover an LOS is estimated by drawing the 1OS then
sumning the products of concentraton and length through
the obscurani aloug that LOS.

**This combatexample is extracted from a more comprehen-
sive engagemeni described in Rel. 15, The meteorological
setting used in this example s based upon climatic esti-
mates lor Central Eorope compiled in EOSAEL 82 (Ref. ).
The selected conditions are appropriate for carly moning
autumn, with Pasquill Stability Cand a 5-m s (18-kin h)
wind,
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preparatory fire. The obscuration is portrayed two
ways: (1) vertical (path integrated) OD for downward-
looking sensors and (2) obscurant concentration at the
2-m level, from which the integrated path concentra-
tion lengths for a horizontal LOS can be calculated.
The obscurant under consideration is HE-prodnced
dust [rom the arullery barrage. The wavelength-
dependent mass extinction coefficients in ‘Table 4-6
may be used to estimate reductions in transmittance for
optical and IR b - i military interest.

The large-are. > cobscurant due o the prepavatory
fire barrage is displayed sequenually for two successive
times in Figs. 4-10 and 4-12. Fig. 4-10 illusuwrates the
impactareaalter the iv 1al 5 min of fire; approximately
1000 rounds have impacted by this time. Fig. 4-12 tllus-
trates the same area 25 min after the beginning ot the
attack when most of the five is divected to the west of this
grid; only scattered live and residnal dust are shown,

The OD is used to illustrate the extent and the
amount of obscuration seen by a downward-looking
observer, The mass concentation of the airborne dust
at the 2an level is portrayed m Figs, -1 and 1-13 for the
same times as in the previous twoligures, The obscura-
ton illustrated hare 1s due to the small mode dust,
which is the component that remains airbone for long
periods of time gminutes to hours).

Artillery-Generated Dust

Opttoa! Dapth

E [J ep=os e 22 grn ®
P '- on-10°

§ [] a-2.0 Lo 25 arm 2
5 o _- o - 3.0 9

0 E] on»> 3.0

S CL= 218 g/m 2

n

b

CL= 112 g/m =
CL= 17 g/m &

! 2 3

Location, km

Figure 1-10. Downward-Looking Optical Depth of HE-Generated Dust
After Fifth Volley (Ref. Ih)
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Artillery-Generated Dust

Concentration
[] o.01 g/m3
- 0.05 g/m 3 +
D 0.10 g/m 3 @
7

km

Bl 20 onm?
" [£]20.30 g/n @

Location,
<

{ 2 3 4
Location, km
Figure 1-11. Concentration of HE-Generated Dust at 2-m Altitude Alter Fifth Volley (Ref. 15)

b

-1

L gn

Artillery-Generated Dust W !: £
!
i &/ Opttoa! Depth
€
X
C. L-— Clm 1?2 gm2 — —
o
- 2
OB}—— CL'ES\g/m — f— — —
o .
4
-~ Cl=24 grm?
L' 8
4
-1 .

Location, km

Figure 4-12. Downward-Looking Optical Depth of HE-Generated Dust
After Twenty-Fifth Volley (Ref. 15)

114




DOD-HDBK-178(ER)

——— e i

Artillery-Generated Dust

km

~ /7] 0.05 g/m 3
[]o.10gm3
B o.20 g3

- [*]20.30 g/n 3

Location,
()

l ]f o
Concentration
[] 0.0t gm2 Z/ %

R 1 2

J#

3 5

Locattion, km

Figure 4-13. Concentration of HE-Generated Dust at 2-m Altitude After Twenty-Fifth Vollev
(Ref. 15)

4-7.2 SMOKE EXAMPLE

This combit example consists of the smoke used to
cover the assault of a tank battahion and motorized ntle
company, with supporting artillery and mortas, on a
lixed delense.

The basic objective of sereening smoke is o conceal
fraan the enemy the true location and natne ol acuons
of triendly aoops. Such screening or camoullaging
smokes are genevated by VEESS, simoke pots, and smoke
generators, Blinding simoke screens e generated i the
vicinity of the adversary’s position with indivect five,
such as mortars, rockets, orartillery, for the purpose of
deny ing ground-level observation to the enemy.

The basic outline of the example is presented graph-
ically in Fig. 15 there is amplilying informadion in
Table 1- 1L * The smoke example is lad outona 2-km x
S5-km gridand covers aperiod of 18 min with Laepanate
smoke-producing events, The smoke is introduced
the right-hand (east) side of Fig, 1 and advances
toward the lef-hand (west) side a a quartering angle
from upprer right (novtheist) 1o lower lett (southwest),
The smoke events e indtiated sequentially from right
to lett (east 1o west),

The sequence ol smoke events portayed in Fig, 111
and ‘Table 411 are displayed graphically in tiine
sequence in Figs. 415w 122,

Figs. 4- 15 through 1-17 give an overview ol the smoke
example from =9 min (5 min aber the initiation of
*This example is a subset of the Soviet taining example
developed in Ret, 15

Event 1) to H+1min (the end of Events 3 and ). Fhe
perspective is one ol a viewer looking down on theficld
of batde. O 1y used 1o give the viewer an indication of
where the smoke s placed, s subsequentdriby, and s
relative thickness. The Lrger the O, the smaller the
transnmittance, and consequently the more attenuation
the smoke would provide for a downward-looking
SEDNOY.

Fig. 115 iNustrates the Lrge area of coverage due o
the TMS-65 smoke generators (fog oil). Fig. 116 shows
smoke from the DM- T smoke pots Gaihracene simoke)
and residual simoke rom the TMS-65 generatons, Fig,
$A7 demonstriates the coverage due 10 mortan- and
howiver-delivered white phosphorus smoke rounds.

Figs. IR through -21 show selected small-scale

plots ol smoke concentration ata 2-mabtaude lon fowm
of the events shown in Fig, -1 () TMS ol simoke
from Event Lat Pone H=9min, (2) DM- 1 simoke from
Fvent 2at Time HE-3 nun, (3 phosphorus simoke lvom
WE munitions, Event 3, at Fime HE nuan, aed (B
phosphorus smoke from PWEP munitions, kvent |, at
Fimse FH-D min. Smoke concentiation from a VEESS
unitis shownin Fig. 122 for compiurison, ‘These figures
may be used to estinute the amount of smoke along any
1.0S thiough the smoke by multiplying the smoke
concentration along the path by the path length o
obtiin concentia m path length product CLL Trans-
mitance throv he smoke may be calculated using
these CLovalues in Eqgo 12 and the mass extinction
cocflicients a(A) obtained hom Table -2,

4-15
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TABLE 4-14. SMOKE EXAMPLE OVERVIEW (Re¢f. 15)

Major
Smoke
Evenis

Smoke Used;
Method of
Disposition

Timing of
Smoke Event

Rate of
Dispersion

Effect of
Smoke Screen

Action of
Participating Units

1

Smoke o’

2°1MS-65 simoke generators

(100 kg vehicle
1.5 km front

Anthracene
240 DM-11 smoke pots

(1.8 kg pot)
2.0 km tront

WP bulk*

6 120-mm inortary
(1.9 kg WP round)
500 10 front

WP (PWP)**

18 122.mmm howitzers
{72 smoke rounds)
(3.6 kg WP round)
500 m front

H~14 min to
H-9 min
(5 min)

H-Y min 1o
H—3 min
(6 min)

H+2 min to
H+1 min
(2 min)

H+2 min to
H+4 min
(2 min)

200 kg min unit;
vehivle speed =

Yk h

12 vain burn ume
(H-7 min cover-
age),

25 m separation
{group of 3 pots)

1 round 245
tube; nominal 150
m impact arca

per volley

2 rounds min
guu; nominal 150
m Impact areit pe
volley

Camouliaging smoke
sereen across 1.5 ki
front up o 400 man
height

Favorable wind
direciion results in
blinding of defensive
weapon emplace-
ments,

Blinding of de-
fensive Antitank
guided missiles
(ATGMs)

Blinding of defensive
ATGMs

Deploynient of
aitacking troops
assault

As smoke dissi-
pates, entire fire-
power of attacking
battalion concen-
trated on defend-
ing force

Defensive ATGMs
neutralized

2
]
L
4
3
)
)
} 1
"Fog O1l

km

Location,

4-16

L)

*White phosphorus, bulk-filled munition
**White phosphorus, plasticized

Evant 2
DM-11 Smoke Pota
Event 4 (240 pote) Event | "! €
PWP Howttzer H-9 min TMS~-A5 Smoke Ot!
(?2 rounde) (2 generators)
H+2 min H-14 min
Event 3 ka1 4
WP Mortar s ne
(30 rounds) bl
H+t2 min

e

3 4

Locattion, km

Figure 4-14. Smoke Example Overview
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TMS-65 Smoke

ot1 ||!E

Opttcal Depth

Cl=~19.6 g/m8 — — -— _— -

=
£ | Qw-os
- - 4 oo = 1.0 - 2
- 7/m

S ] o= 2.0 ’
» W o:so0
® g
0
o
-

.

CL= 8.1 g/m?
__l i i
2 1

Location, km

Figure 4-15. Downward-Looking Optical Depth of TMS Smoke at Time H—9 Min (Ref. 15)

DM-1{ Smoke E
1
Optioal Depth
£ O @-o0s
[y = ’/A w- l-o om— ——€ — ——— — a-a.c '/.2
s o = 2.0
e o) 3.0
ga-- - _— — —_— —— — (=2.8g/ml
0
-
- — —_—— —_— —— = (=3, 1g/m?
—l A A : 3 i
e { 2 3 4 5

Location, km

Figure 4-16. Downward-Looking Optical Depth of DM-11 Smoke at Time H-3 Min (Ref. 15)
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White Phosphorus Smoke

wie

km

Location,

Opttcal Depth
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Figure 4-17. Downward-Looking Optical Depth of Phosphorus Smoke at Time H+4 Min

(Ref. 15)
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Figure 4-18. Concentration of TMS Qil Smoke
ata 2-m Aliitude at Time H—9 min
(Ref. 15)
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Figure 4-19. Concentration of DM-11 Smoke
at a 2-m Alutude at Time H=—3 Min
(Ref. 15)
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at Time H+4 Min (Rel. 15)
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Figure 4-21. Concentration of Phosphorus
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at Time H+4 Min (Ref. 15)
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Figure {-22. Concentration of Smoke {rom
VEESS at a 2-m Altitude

1-7.3  VEHICULAR DUST EXAMPLE

Phe vehicakn dust combat example ifustiaes the
dustraed by the movement ol a motonzed nlle batal-
ion, Phe battalion bas thiee companies, cach of which
has tonr ks and O BMPS * I thas dllasoation, the
companies approsch from the cast i column lonn-
tonand then deploy into wedge and hine tonmation o
attich. Sepavation between columns s abou M0 m, and
vehicles within the columms e about 3y apat and
move at 3 m s A the companies group toattck,
the notth aad south companies fonn line lonmations
with i northsouth line of Ginks tollowed by i line ol
BMPS The conter company lorms i wedge—a nonth-
south Line of ks ollowed by two lines of BMPs. Fhe
Line lonmations are about 300 m wide (northsouth) and
300 m longe weast-westn the wedge is abouat 100 m wide
and 10 m long,

SRMPS, hike tanks, e tached sebiles,
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Figure 4-23. Concentration of Dust at a 2-m
Altitude from Motorized Rifle Battalion
in Column Formation

Fig. 123 ilusuates dust concennation at e 24am alui-
tude for the comprames as they juse st the nansition
hrom the column o the ek tormation. CLoproduces
ol dust are idicaged for selected Hnes tuough the dust
cdouds, Figo 821 iHusoaaes dust concentiation Lo the
attach lovmation, Phese dust concentiations may e
il i Kege 43 1o estinae obsciation due to vehicde-
genetted dust. Downwanrd-looking optical depths of
vehiculin dust e not included becase the OD values
e ey low; obsounition of downwatd-looking sensors
by vehicubne dust is notsignficant,

Figs, 4238 and 1224 show dust raised by vehicuka
movement overdry, unvegetated tercain with about 10%
silt content in the soil, 1 the ground is wet on covensd
with dense vegetation, no signiticant amount of dust
will be raised. I the soil is very silty, the dustconcenua-
uons will be higher than those shown.
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CHAPTER »
OBSCURATION FACTORS AND SYSTEM DESIGN

This chapter explains the measures used to calculate the performance of imaging and nonimaging
systems. It discusses how naturally occw . ing obscurants and battlefield-induced contaminants degrade or
defeat sensor performance, and it provides sensor defeat mechanism tables indicating the potential severity
of the defeat mechanism on different sensor classes. Example problems show explicitly how to calculate
obscurant effects on different sensor classes and sensor designs.

50 LIST OF SYMBOLS

FAR
FAR,
h
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1,
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M s
MDT =

MR

MRT
\ure

NHP
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receiver ellective aperture area, k'’
aarget avea, m’

concentration of obscurant, g W’

target contrast, daneunstoaless

apparent rget contrast at sensor, dimen:
stonless

= concentrtion path length product, g w’

spoeatd of ight, ki s

falsw aliom rate, ™!

per pulse fabse alarm vate, Jimensionless
gt heighi, i

current al peak notwe, A

current at peak agnal, A

vunent iesholkd, \

path length ol absouant, m

sarget- e ratio, danensionless
tvinnnun detecable wmgerane differene,

N

“ mntuinnee teselyable comtast, dinensionn

 FRNN

whnitam ieselabile temperanne, K

= emlubation wansier fune o, dunensionless

¥

AY Y B
S Jolmsn conerion fon the sk dinensiog-
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ir

P o=

1
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P,

Ka

detcetonr norwe oty alent power, W

noe ey alent lepevatue, K

fea
nnder of csclevicsolved o the Lnget,
dunensaonless

probabibn of tsk accmuaplisinnen:, timen-
sttt
prolabnlity ol detevion, dunciisionless

protabiliny of Gl alatm, dincisumbess
teveinad spgnal power, W
prab wansmiier power, W

= pange, ki

ianimaen desigte tange, am

SNR = signal-to-noise ratio, dimensionless
SNR. = signal-to-noise ratio of voluages, dimension-
less
T, = receiver opties transmittance, dimensionless
T, = tansinitter optics transmittance, dithension-
less
TN = vansmittance, dimensionless
TN = atmospheric comrast transmittanee, dimen-
sionless
AT = target thermal signature, K
AT = apparent target thermal signature at sensor,
N
¢ = ume interval between biser pabse and radia-
ton signal, »
;= detector onctane, §
= vimba iy,
& = hall-angle laver heam divergencor, avad
8 = angle briween targes amd beam. Jig
v = apattal hegquens v, oscls mead
re = targed spatial freguency, oveles
P o+ gt reblectans e, diunenvoniiae
r = lawt pulse width, s o o

= At angilan e, wrad

5.1 INTRODUCTION

Fhus chapter covers thiee imagon wepacs: (O the senun
profotmame e mcasmies v o evalisste amaging and
noniaging., passive and actine senson (3 the mecha.
st by whig b sensor perlonnatee ssompsated by nat
utally ancuning amospheri contituents and batle-
Irehbandur od contaimmants, and (3) the caloubatien of
o vrant ciles ty on s pedlotasnuee,

Fhe ssatem performance measiares are desonbesd i
par, 52 Electo-optcst (EO) aal anllineter wave
tmnw b sewsor defeat inechanisms age desornitiad m pae,
A3, which also icdhudes ables corvelatsng the defeat
mechanivms with natural o batdchicld-iduced obswon
anis 10 the viseble and onear infrared (R), thevmal, and
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mmw spectral regions. The wables also indicaie the
potential impact of the obscurant on sensor perfor-
mance. The illustative examples in par. 5-4 lead the
user through calculations of obscurant effects on sensor
perormance by using material developed in Chapters 3
and 4 and the sensor performance measures presented in
par. 5-2.

5-2 SYSTEM PERFORMANCE
MEASURES

‘This paragraph describes measures of systewr per-
lormance for passive imaging systems, passive non-
maging systems, and active nonimaging systems. Iy
addresses three basic Jevels of performance: laboratory
performance, one-on-one lield performance, and sensor
cliectiveness, Laboraory performance is & measure of
how well the svstem operates in the absence of envi-
ronmental elfects and may indlude such measures as
saatent resolution (for imsgers) o system semsitivity and
none level tfor nontmaging svstenn). The resolution of
asatent describes the ability of G osystem o repreddin e
detathy i the soene e, The semsitinvity of the syaem
describes the abihis of the svatem o detect Jow contrast
targets, Subjective vesalution isa performanee measuy:
shat inc dudes the ellestof ihe human observer ising the
e,

Onec-onone beld performance cdoulations vanslae
laboraton perdformance neasures into an apenational
envionment. They indicate how well the swatem will
perlonn pgannt o speathied tinget s spealind envae
vomnent amd ancdude the cffecs of the aunosphere,
Mewsures of hredd pesformance wedade tasget detesion
range st spneodied prabalalin of dewecaon P24 the v
requanned o acguine o tager, amd the alwe alam e,
whis hoandicates how mam nontaget olyes e Ll
whentalissd s Ggets Oie onone s el ivenes, as
asrdan s hamdbook s measite of Bow ofien cahat
pertcent of the e the saostem will perfonm ata sy
bl Bl peddonnance Tevel ina gevabiod ocanen T
Wi dudes the eflent of evpeoed varnatiom e s
sphense comthivons amd the senann iy of et agna-
trres o thone variataens, T does ge i e suely cggs
weening meastr s as sostest tebaabrliny sane o mean e
brtwern Lnhae, Measares ol the babelickd effonmn e
O 4 A LN NI 5 HEARIA SO0 LI M CN -
1oy ate besonnd the wope of s cngineoiing deagn
handimsok Petdonmans e measures fon passive anaging
MM, JRIAINC HOHaINR vy, aid aoiine o
anag i seisorsate listed o Fable 50 anddesontnad in
s 20522 and 528 syt

Fhas hasmtbook does not an bude acive nnaging s
toemmn, Nctve sastenn miagens will diitlar lrom pasae
ey i lou sespeoiss (B the aotine saaem et
agnature s detetmined by the tefleciance of the tanget
At the slumimator wanelength, (20 the g wias con-

5.2

TABLE 5-1. SENSOR PERFORMANCE

MEASURES
Sensor Laboratory Field
Performance Performance
Passive MRT* Py at fixed range
Imager MRC* Range at fixed Py
MDT» Time 10 detect
Passive SNR Py
Nonimager FAR Range
FAR
Active SNR Py
Nonimager FAR Range
FAR

2Defined in pars, 524, 522, and 5-2.3

tin the speckle dunacteristic of coherent illumination,
133 thare e no shadows, and () the night imageny is
wsualhy equivalent w the diviie imagery. Natmal
atnaosphenie actosoly o battleficld-induced actosols
wHl satter energy badk into the active sustem ecenet;
with actasols, backscatter s the prinny caase of active
st petformance degradation, Phe elfecs of male
wha absorption and scattering on active ket or nimw
magens weacnble Gtmosphorse ellects on acdive non-
traingg swsrems, but the effect iomone severe hecanse of
the eguiement for twosway tansanitiane ol the
dlinnmaton wdionion,

52.1 PASSIVE IMAGING SYSTEMS

Phe Laboron poiotmance imcastaes for pasase
DagIng syatems delate satem vesalition aie! svaem
WA . Sademy sesoltidte n o ginven By the satem
madulatwn aander funcion MTF, which i st o
values dew nbing the effesiveness with wleh the ao
warpeptoduces the conteast ol a gl ot ast o ange
v funciion of the angudar spas g of the bars, $The
angilar bar i ooty exprssast e, of
eveloes per smads Vevede soome e pon sone blLu b b
b oane whiate b aomnad s the angle subitended s
one-meter tbaget s distance obone b B v 1 shiows
the NTF e T g henmal nnaging svviem wah
resolution bt ® of 0.17 aual.

The  “evnveiesahstom af an anaging svatem v
Lalwen aeasnement of the lonest wingwy dine o,
vanttastiteffercnee between a bar patiesn and the bak
o] thaet ssvesalvable b homan observer uag the
devace. Bamcdasbes the swaem VT the huanan o
1nponse cunve, and shie MTF o ann soaiem dagplay,
Thewe tlneshold :ostiasts o wmpesatme differcmn e

*anicnn hermal iy e Bondted i scweddastuon n oty
shtes ton s 1 e scsolutisn tnosat o thew sa st acedn angh
sabstcuedes! Gy b detsr im
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Figure 5-1. Modulation Transfer Function vs Spatial Frequency

109 3 are luncians of the bar pattern spatial freguensy. The
w b minminnnn iesolvable temperature dilference MRT
: - cunve, wed for a thermal imaper, ss thus a plot ol the hag
w b pattern apatial Irequency v the mmimum temperature
= dillerence sesolvable at that spanal frequencs. Fig, 5.2
ek shows the MR T curve {or the 057 mrad thermal inager
. shown i Fag. 3.1
é ‘e Another measure of FLIR® svavem petlonmanee is
» - it detes tabile wngreratsire diffesemee MD T NIDT
; ’ v a subye e measure of the ma num iempesature
3 dillerena requaired o detent a crcudar spot on the dise
+ ! 3 plas asa bunction of the angular subtense of the spot It
2 s bk na measure of the i hot-spot dieiesction range of
s *F the svuem,

i :: : Phe smnnmam tvg:ls.tblv contrast MRC cutve sl
: le g devel senastaive systems, v a plot of bay pattern
T 0.1 k conttast v tesodvable spatal Gegueonos at a spevafaed
H 3 Bight fevell A set of MR cunaey, one pey light devel s
::: - usxt o ddew n}x- eve, day ughi, welevimion, amd unage
o } intenstber (17 peddormame. Fig. 53 aiows the evwe
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Figure 5-2. Thermal Imager AT Curve
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Fhe subjective resolution curves—MRET, MDD, »
MRC—1may be wed to detenine the systenm resolution
under field conditions, Phis system resolution is -
Tt 1o lield perlormance wsing aset of experimental
rales known s the Jobson crteria and a prohabilg
measie, the trger wamder probabilise curve, The
fohison anevia and the kagee ks probability
cunve will be exploined following o disoussion of sys-
wm tesolution,

Foorckae the subjective resolution curves in Figs, 52
and 3-3 o syatens resalution in the lield, two concepts
st be discussed: Gger spatial fiequeney and appsn.
ent LRl s,

Phe spatial bregueney e sesolved by the system s
defued sy tenms ol the spatial bregueney ob i i patienn
expressetd s of ovades mrad, A ngeca range £
by ans anguliat sie @ given In
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¢ =" mrad (5-1)
R
whue
A= arget haghe, m
R = range, k.

Phe target spatial trequency o is the weciprocal of iy
anguliu siec

mo= B oyelemnad. (H-2)
i

By delinition, the MRT cutve tor o thernal imagey
gives the winimum resolvible wmperanne ditference
welerenced o S00-K badckground) reguined waesolve
Bany psattern with spatial frequency v Teaannabso beaead
directly to give the wrget thermal signatare X7 Gagain,




by definition, referenced to a 300-K background)
required 1o resobve atarget of spatial lvequency v,

Similatly, the MRC curve for a light-level sensitive
system (visible, I, or television) gives the minimum
conuast signature required o resolve a bar pattern of
frequency v. Thetarget contrast Corequired to resolve a
target of spatial frequency v, can be read directly from
the system MRC curve.

The apparent target signature is defined as the
amount of radiation from the target in the sensor spec-
tral band at the sensor aperture. It includes the effect of
atmospheric extincuon. The apparent target thermal
signature AT at a thermal imager can be obtained by
multiplying the target thermal signatre AT by the
atmospheric transiittance T(A) in the sensor spectral
band:

AT = T(MAT ,K {5-3)
where
AT = apparent target thermal signature at sen-
sor, K
AT = tuget thermai signature, K,

Thus the MIRT curve for a thermal imager can be
used o determine the spatial frequency resolvable ava
given AT by stimply equating the MR T to the apparent
thermal targer signature AT and reading from the
curve the spatial lrequency v the system can resolve at
the MRT value.

The target thermal signature used in Eq. 5-3 may be
obtained from measured values or analytical models. In
the absence ol such data, the trget signature values
from Table 5-2 may be used. 'The AT values in Table 5-2
arcaverage 8-12 un tank thermal signatres and 3-5 um
man thermal signatures for four seasons and three times
ol day (carly morning, afternoon, and night.)

For light-level sensitive systems (visible, Fand wle-
visiou}, the apparent target signature is the apparent
contrast C, of the target (in the sensor speetral band) at
the sensor apertare. It can be obtained using the con-
trast ansimittance eguation

|

Co =, TLN) , dimensionless  (5-4)

where
€. = Lrget contrast signature, dimensionless
A = atmospheric contast transmittanee,
dimensionless,

Fhe MRC cunve fora light-level sensitive system can
be used to determine the spatial requency resolvable at
a4 given € by equating the MRC at the appropriate
light level w the apparent target contrast signatare €4
and thenreading the spatial frequency v the system can
resolve at that light level,

DOD-HDBK-178(ER)

TABLE 5-2. AVERAGE SEASONAL
THERMAL SIGNATURES (Ref. 1)

‘Thermal Imaging Sysiems (8-12 um)
Central European Environment

Signature of Exercised 'Tank Target, Front View

Season Cloud AT, K
Condition

Early Morning Afternoon Night

Spring  Clear 1.0 2.6 1.4
Overcast 0.5 0.9 0.5
Summer  Clear 1.2 3.5 2.2
Overcast 0.5 1.3 0.8
Fall Clear 1.0 2.6 1.4
Overcast 0.5 0.9 0.5
Winter  Clear 0.9 1.8 0.9
Overcast 0.4 0.6 0.4

Hand-Held Thermal Viewer (3-5.5 pm)
Target Signature, Man Target

Season AT, K

Early Morning Afternoon Night
Spring 4.0 49 1.5
Swmer 5.7 8.1 6.5
Fall 1.0 49 1.5
Winter 33 3.0 35

The target contrast signatures used in Eq. 5-4 may
also be derived from measurements or analytical mod-
els. Tables 5-3 and 5-4 give values of target contrast
signatures, which may be used to estimate the target
contrast. Table 5-3 gives average tank contrast signa-
wres in the 1? band (0.4-0.9 pm) against dirt and grass
backgrounds at three ambient nighttime illumination
levels. Table 5-4 gives average daylight tank signatures
in the visible band (0.4:0.7 pm) with dirt and grass
backgrounds.

A critical number tor immaging system caleulations s
the number of eycles iy the systenm can resolve across the
trget. It is the ratio of the system resolution pat the
apparent targetsignature 377 or Coto the target spatial
frequency wat the sensor

n = v/ v, dimensionless. iH-5)

The value of iy decreases with increasing wange to the
target because of changes in the targetangular size and

5.5
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TABLE 5-3. AVERAGE SEASONAL TARGET CONTRAST
SIGNATURES C, FOR IMAGE INTENSIFIERS (Ref. 1)

e

Image Intensifier Systems (0.4-0.9 )
Target-1-Background Contrast Signatures

Tank Target, Front View

Sensor Background Season Light Level
Full Moon 174 Moon No Moon
Starlight Scope Green Grass All 0.2} 0.22 0.29
Crew Served Sight Dead Grass All 0.42 0.40 0.57
M35/M36 Periscope Dirt Road All 0.61 0.60 0.57
NV Goggles Green Grass All 0.26 0.28 0.34
Dead Grass All 0.40 0.38 0.36
Dirt Road All 0.60 0.59 0.57

TABLE 5-4. AVERAGE TARGET SIGNATURES C, FOR DAY SIGHTS (Ref. 1)

Eye And Day Sights (0.4-0.7 pm)

Contrast Signature of Tank Target, Frout View

Sensor Background Season Time of Day
Early Morning Afternoon
Eye Green Grass All 0.03 0.03
Day Sights Dead Grass All 0.44 0.44
Dirt Road All 0.61 0.6l

apparent signature, The target angular size becomes
smaller with increasing range, which increases the
tager spatial Irequency v, The ammospheric atenua-
tion of the target signature is greater at longer ranges,
which reduces the apparent trget signature, which
thus reduces v,

Fhe experimentally devived Johnson eriteriaare used
to relaie system resolution o field perlornrance, The
Johnson criteria specify the numbes of eycles i tha the
system must resolve across the target in order to perform
atargetdetection or discrimination task with 50% prob-
ability (Ref. 1),

The levels of performance specified by the Johnson
criteria are detection, recogrition, classification, and
identification. ‘These terms bave precise meanings.,
Detection s the ability to distinguish that an atifact
within the lield of view is of military imerest, Classifi-
cation is the ability o distinguish a target by general
type, e, as it tracked vehicle iatead of a wheeled
vehicle, Recogniton is the ability o disarimnate
between two targets of similay type For exinaple,
recognition would allow the observer o distinguish

5-6

between two types of wacked vehicles—ie., armored
personnel carrier (APC) vs tank, Identilication is the
ability to discrimimute the exact model of a target, Fou
example, identification would allow the observer 1o
distnguish a 'T-62 [rom a 'T-72 tank,

The Johnson criteria for visible, I, and thenmil
imaging systems are shown in "Lable 5-5, The Johnson
criterion lor recognitdon for a thermald system, 1ot
example, is b eveles, This means that lor hall of the
observers torecogrize a target through a thermal imag-
ing system, the imager mustresolve 4 eycles across the
trget, Toidentify the tuget, the imager mustresolve 8
eveles acrvoss the target,

To summarize, the Johnson ariterion n gives the
number of cycles that must be resolved saoross the trget
to accomplish a vask at the 50% probability fevel. The
number of cycles m resolved by the system across a
specified targetis determined from the system MR T o
MRC curve, the apparent tuget signatue, and the
tuget spatial frequeney (size and the vange o the
tnget) I equals ag, the probability of accomplishing
the sk is H0%.

N
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TABLE 5-5. JOHNSON CRITERIA n FOR TASK ACCOMPLISHMENT,
50% PROBABILITY LEVEL (Ref. 2)

Probability of

Number of Cycles Resolved Across Target Critical Dimension

Accomplishing Task Detection

Classification

Recognition Identification

Thermal Sensors,
Tank Target
0.50 1.00

Hand-Held Thermal
Viewer, Man Target
0.50 1.50
Day Sights and
Image Intensifiers,
Tank Target
0.50 - L00
hinage Intensifiers,
Man Target
0.50 1.00

2.00 4.00 8.00

1.50 1.50 —

2.09 3.00 6.00

1.00 1.00 -

The process is illustrated by the nomogram in Fig,
5-4, used for estimating system performance for the
crew served weapon sight, a passive 1P system, againsta
tank target. The target signature Co (upper left scale) is
multiplied by the atmospheric contrast tansmittane
T.(A) toobtain the apparent contrast Cy(h) atthe sensor,
The subjective resolution curve is used to determine the
spatial frequency e resolvable at the apparent contrast,
Fou this I system in moonlight conditions, the systewm
can resolve asspatial frequency v of abouat 2.7 ¢ ycdes
wirid i the apparent taget contrastat the senso is Q:48,
The arget detection, recognition. and ident Hication
scathes at the botton ot the chint vield tsk perfornsimee
range at the 50% probabiliny level, For the case ttos
ated., the T system Gan detedct a tank at about 5.8 kin
and recognize iat abow L9 ke Phe tange seabes on
Fig. b bare genenated by calonlating arget spatial bee
quency voasa bunction of vange tos o 222 0y tank et
and apphving the Johnson aiwsia v Table 51 o
detenine the number of oscles zorequi ed o preddonn
sk ot tha range,

Foragiven tugevand atmosphere, the paobabiliny of
accomnplishing the teh isdeterined Bom the Johnwn
criterion o tor the tash amd e nsber o avcles
resalved oo the tigetundes the inpat condigsions bn
wsing an expeomentdy denned eeionship oadiad e
et wamdber probabihite canve, Phe ceget tansie
probability of accomplishing the tink s cventialhy
HIO%. 10 e egquals 1.0, the probabilien iy 368%, as
reyquied by the johinson vritenia

Phie datie i Fig, 3% nsn idse be asedd 1o set prodiabil-
i levels, 1 g probabiling of 80% v requined, i
untnce, the vilue of the Jolison cilenon it

plied by a factor of 1.4; the value of ne n conesponds to
80% detection probability,

5.2.2 PASSIVE NONIMAGING SYSTEMS

Passive nonimaeging syatems deteey targets based on
the intensity of the veeetved radiation in the sensor
spectral band, or, for mudtispectral systems, by compise-
Fon of the radisnt intensity in two or more speciad
Fands, These sensors e usual by destgned (or detedtion
of hot tagers such as adveralt engines or for weominal
tpet detecion and wackivgg at short rsnges,

Labotatory peafonmance meastres for passive nag:
e e Based on the systenn sensitiviny (prinisihy dewees
on respome), the system noise characterstios, and the
ability of the systesn o dtler out background nowse, Phe
meastiae of system Hield perlonmande is the probadalin
of Lot detection s fune ton ol ange aa sprecibed
§H This pertonmance measare accounts foy hoth the
nnhrer of conec detecuons and the pumbeer ol nmes a
nonbin et s chnsed asa tager

Fhe system F AR s desgn pavametes uved to setthe
detestor threshold and is based oo expeoied detectonand
e hground 1 ise statisties, Faget detection probatnd.
i v abied ted by the thiesbold seting: those tngets with
energy fevels below the thieshold genetitly wall not be
detected. Figg, 56 shows probability demsities for the
noise amld the signal and abso tndicates e vegion
which siggiab and nuise cunents overap. s the thyeshe
old invaised, more of the noise Gills below the thisshold
and will not b detevted, whihoeduces the probabitity
of Lalse alavsa, Phe prce af tis reducatlalse alana vne
is thiat some ol the lower tanget signals will alwo fali
below the threshold; tus wduces the probabiliy ol

5-1
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Figure 5-4. Crew Served Weapon Sight Performance Nomogram (Ref. 1)

dety o, Converseds, does teasing the thaeshold dncscasn
the pobabiling of detecing Jow tanget signals, bt o
alsr ancreases dhe falwe alann tie. To betwer discrinme
wate the et from the backgiuml, sane wivens
My s ultispectral compatisom, extiuites of g
angaden extent (puldse widdh seen by g scanned detecuo,
Ated sean-toaan conelation.,

Fou wvimple theeshold detes i, the SNE will depeend
o e teges sigiad e the s tal baad, e svsiem
noswe cqusvalens power N EP ot smore egusalent e

KR

priature NET the detesior waanny, and the i
sphern tamsontton e ol the signal, By 55 ddons
deteston probabibiny svootmea square fomsavolage
MNR for four prolaainlines of fabwe alan,
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Figure 5-5. Probability vs Resolution Requirement (Ref. 2)

e at the illimmans wanelengths Fhesee saoatens
sy he et detecnion sastems, destgnatons, o yange
boders Move vononagimg sustems inddude (1 the
Lisver o i dlinnanon, which v shent pubse
Tength, lugh peak power sonnce o2 the detecior, which
s be sprectiably Billiered o recene enctgy ondy o the
dluminatan wavelengihom bequencs, a4 the .
ciated agnal procesanyg clecaones. Rang: ot
o s abtaned B the tine sequinad for g pualse
ey the nareet gl be refleced ook o dhe aastens
detwctor. Lo vsduee bachsatter hom the atphiere
near the samoe the sustem s besange gated laaccep
onthy praadses Balbang wartbvan o gaives e vange) window
Spateal esofufion o aome noRILRINE sVues s
humited by the dnetgenoe of the awgan e, v the
tumanated ateanocases with the sguare of the vange.
Range resolutson i determned prisiands Iy the palawe
femgih, For threshold detection systems i olistent
tleted oy, the sigaaband notse are Glicied Dy aiat el
falter wath o oodwadeh insersely praportial o the
vatput prlse length 1o seduce the notse conent at e
quencios that do ot conespomd o the ugnal pulwe.

Fhe saem thireshobd s set according o the design
spect e bor B R Phe B IR tspeafied i ens of
st on-tane, so the thieshold settig o agiven FAUR
depends on both pulse wadth and sasimuam g
range. Parges detesion probabiting scdetenimined boom
the preak tget sigial to nns neotwe cuaient o L.
g the saatenn threshobd to reduce the F IR wall b
tedfuee the Luger detecoon probabs iy when dhe tnget
et s ek on severely attenaaied,

Foran wrive swatem the tanget sunbace jonghiness waill
determne the speculanty gt ob the setmn sigual,
which leads o ditlerent decion peobabadines o
ety of differem sahace chaactensnes, Fygo e
showihedetecnon probabaling canes for actinve eneegs
deres ton amd hetetindane ssstems wath specubar o well
tesoadved tngets, ol Figg, -9 shows the deteciion b,
Al for these sssteins agganinst touggh targets, Both s
ol tunvesasstme 4 F TR ol 10° Figl 500 shows detec
tion protuibilioy v SN Ias alusetion ol AR fon agnal
detection i white norse ussag marehed filienimg ol e

pul sgnal.
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Figure 5-6. Probability of Detection P,
Probability of False Alarm Py, and Cur-
rent Threshold I, (Ref. 3)
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Figure 5-10. Probability of Detection vs Sigual-to-Noise Ratio
as a Function of False Alarm Rate (Ref. 3)

Avtive saatem Grleubations will be il ated lae o
Loser ange bisder. Fhe laser vange linder s usetd 1o
determme the vangge toa targen that has been detegred by
animaging swstem (ese, day sight, Fsysicm, on thenmal
e Fhe tagen i dlusanated by e s sowee,
arkl the encrgy reflected by e Gager s the Ty
reveivet s detected Phe vange Bt the uigen s deter -
wrinerd by the dime interval ¢ berween the Baser pulse il
the retatn agnal:

N (5-6)

w heye
o = spewdd of lighe, b s

Range linders may use pulsed Liwens o continuns
wave (CW) Lisers, Palssd Liser svstemis e thieshold

derccion with matched Biliening of the input signat,
CW laser vange finders use heteradyie detection. Both
pes of systems wwe specteal flers o clinnndte ciergy
that s notar the liser wavelength,

Fhe geomety Jor the pudsed laser tange Dinder o
shownin Fig. 5010 e Baser palse propagates thiough'
the atmosphere 1o the tirget, is wellecnsd by the target,
and propragates Back o the Laver cange foades (1LREF) 10
be detected by the TRE receiver,

Equations in this paragraph are deseliopesd In o
pulsed L.RE with it husd Billiey detection, such as the
NEYAG LRF cuntently used in Anmy saatems, The
eqquation b the teveived signal power P,at the LRF
detecion i

P, =P THTN) .
[(Mpavs®  TIMRT A (7R W (5-7)
5-11




DOD-HDBK-178(ER)

Laser |=.go—-=-—---7°~ c

Receiver ™

A
E

Figure 5-11. Laser Range Finder Geometry

where
2, = peak transmitter power, W
T, = wransmitier optics transmittance, dimension-
less
M = target-to-beam ratio, dimensionless
e = arget reflectance, dimensionless
0 = angle between target and beam, deg
T, = receiver optics transmittance, dimension-
less
A = veceiver ellective aperture aea, ki,

it

Brackets are included in Eq. §-7 to separate out the
terms for transmitter power, propagation of the laser
radiation to the target, diffuse retlection of the laser radia-
tion oy the target, propagation from the target to the
receiver, and interception of the reflected signal at the
luser receiver. The lactor M is the ratio of the target area
to the arca dluminated by the laser and accounts for
underfilling the target at short runges and overhlling the
target at long ranges:

M = A4, (rR°8) . dimensionless (5-8)

wheie
6 7 hall-angle Lser b divergence,
A T g areg, me

Moanust be el 1o o less than 1O,
The LRFE ssgnal 1o noive 1atio SR i

. , . . »
SNR = —-’--'—’- , dimeosionless (5-49)

whoere
NAP = deteaion neise cguivalent power, W,

Eqs. 5-7 and 59 illustrate the T{A) dependence ol
SNR. The clledi of the atmosphere on pulse detection
probability is more complex. The single pulswe proba-
bility of detection Py lor the LRF 1s determined by the
SNR and the FAR speetlication or the system. FAR s
specitied based on detector on-time L, which in tut is
detcrmined by the maximum design cange log the LRF

5-12

[J=__2_,i".'_ .8 (5_‘0)

¢

where
Ra = maximum design range, k.

FAR is calculated trom the per pubse false alarm e
FAR, and the detector on-time

FAR, -

FAR = Ly (3-11)
tu

Fig. 3-10 shows detection probabilay vs SR as a
funs tion of the product of pulse width rand FAR. Fa
example foran LRE witha iner pubse width rot 10 s
and a FAR specilicanon of 040 per pulw over a design
range Jaof 15 ki, the prohabiiics of deteciion Pyoan be
tetenmined. Substitation by Fo, 500 give

iy = m 21(1"5‘
X

With s value of L2 shsiutin m ka5 1 ki

FAR = (0.01) (10 9= 10°V"
and

F AR = (10 (10%) = 10",

Fronn Fig, 510,00 o£ 4R = 10 " henun SN R ol 3 vachds
a detey tion probabihine Prof 0.50.

5.3 EQ AND MILLIMETER WAVE
SYSTEM DEFEAT MECHANISMS

Ntmnplicric obw urasnts amd battebield-anducndcon.
tavinants degrade nd imnay defeat B ad i seaem
petonmame e, The sensen deleat mochamams mchade
loans oof tansinittats e, Chaange moontast, the ol
ton ol lalse tangets, change in ambnent ddusunatim,
aned athuloroesmnduced saatonm prefontiaany degracae
tiont. How thewe offe taodegiade o deleat sweisn geerhon
wuinee s the topte ol this pavagtaph, Pac 53 coniam




defeat mechanism tables, quick summary guides that
indicate whether a partcular obscurant may have a
negligible, minor, or potentially major ctfect on the
performance of a given sensor class.

5-3.1 LOSS OF TRANSMITTANCE

The attentuation of passive target radiation or target
contrast by the atmosphere reduces the apparent larget
signature and results in lower spatial resolution for
passive imaging svstems and lower detection probabil-
ity for passive imaging and nonimaging systems. For
active systems signal-to-noise ratio and detection prob-
ability are reduced. Also for these systems the etfect of
obscuranis is more severe because the tlluminator radia-
tion must averse the path o the target, be reflected
trom the target, andigain be atenuated by the interven-
ing atmosphere.

5-3.2 CHANGE IN CONTRAST

Aunospherte constituents may change the apparent
contnst of i sargeyin three ways inaddicion 1 causing
wansmittnce losses, Ambient light may be scattered
into the sensor {icld of view (FOV), iluminator encrgy
may be bhackscattered o the sensor FOV, and the
actual et signatuse may be changed,

Scanering of ambient Hlumination into the sensa
aflects primanty visible and neaw TR systemns, e, thow

Asters thatare sensitive to fight Jevel Multiple wane -
g of tuget radiation o the sensor FOV Iy dense
oby i e abso reduce the wesalunon of visible,
nea IR, and thenmal sensans,

Scattenny of active allumotor enegy caives two
prablems Energy backsoiensd st the seceive e
creanes the appaacnt anbiest sorse fevel at e oo
tator waveicneth and may inorcase the FOIR o,
vasige Braders, cnese Lilse tange seadings, 1 e gl
it cners s forwaanboscantersd e the i ene FOV
humudupde waticomg lrone s dese obivoneant, the tem.
potal pulve wihh will be siretehal. Phas pudse shagse
dheformation may e an FRE Luger nange et o
b e g tend on sy destgon the padse conding on ey
st sienal. whieh isthuces the probabithing of nsale
low hoomy o cannes a messile trackang a0 the desaginato
el to Ineak e k.

Ihe target sepnatine aay be o banged b oy o
covitted enengy . wlineh ableets pasane thermal svaemn,
ot by g dhange e taeget selleoianee chanioeristne,
whiec b atlens high-devel dependent swaems gl acime
suateimn, Rann, stow e wed fomesa b Langet siggiae
wares e all sprvtral basuds, in the thermal baad the
cong washien oot dilferenoes i taget and sk
poound agnatmies and nnns the wene a genevally lea-
wrches s vt el heatid elemwents, such gy tank
teeads s the engine on an exersisd tank, wall aand
ootis better i thaou lattensd wne, Pasave visual amd
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near IR systems have poorer resolution when the light
level is reduced. Surface wetting also makes the target
reflection of active radiation more specular (ghiney).
This changes the spatial distribution of the return sig-
nal and canses a wide range in tasget reflectance signals,
some of which may saturate a laser recetver although
others are low enough to remain undetected.

5-3.3 FALSE TARGETS

Obscurants may anpear as false argets 1o inaging
and nonimaging passive sensors, and (o active systems,
or they may increase the level of clutter (target-like
objects), which makes target discrimination a more dif-
ficult and time-consuming process. Hot spots in exo-
thermic smokes, high explosive (HE) mumition fire-
balls, nuzale flash, and burning vegetation or vehicles
will appear as potential wrgets 10 thermal systems,
whereas very hot spots may saturate the sensor. The
vadiance assoctted with these phenomena will degrade
or defeat visual and near IR imagens through chater
introduction and sensor saturation. Bright lights and I°
sensor satunation (and the concurvent green flash) a
night will cause the human observer 1o suffer o tempe-
vary loss of visnal mighy adapration.

Backscattering ol active system adiation from a
dense obsourant iy canse s falwe tirget detection or a
Labse vange veading,

53.4 CHANGEIN AMBIENT
ILLUMINATION

Nannabaumophernie phenamena—dlouds, the phas
of the moon, preopitation. the tme of Jav, and oame of
stat—all affett the ambient illuminaton amd thas
change the perttonme (spattal renlution) available
from hghtdevel dependem visual and T oavsienas,
Reabane tionn Sonsolat insolation due tee bossd cover, shosts
erdin s on fower sun angle, redace the pasane thenmal
agnatires of anexercsed vehindes,

535 TURBULENCE

Atmospheru trhulence alfevts svsiem petlmmames
bevauw bical Huctat one m atmosphicrn temperaiare
carne changes e the ides o rehastion of the air
Temperatuse effes tvare steemges at vissble and dhennal
warelengthy, Lowalizsd hamadin Hhactuanons atfea
mmw vadiatson. Purbulemor effocts aie most sevene a
sinible wavelengihs amlate most pronoss el for acne
asvatems becanse they degrade optieat wave frant gual
Wy, whin hoauses beam sprvad, beam bivakogr, aond s
tllaton (e sdependent spatsal intenstty hanstions
in the transnited and secened stlminats encigy
Turbulenc-anduced beam aoeting cavuses boan cene
trond wander amd a Jos of range accataoy and tack
acvurin y. For inaging swstems, tarhulens e may cause
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some loss of resolution o blurring; this effect can be
viewed as an aunospheric MTF degradation.

5-3.6 POLARIZATION

Scattering of radiation by dense media results in
polarization changes. For rimmdomly polavized vadia-
ton, such as reflecied ambient radiation, these changes
are not important. However, for polarized active
sources, suclias some aserand mmw systems, polariz-
tion cffects may be used as a tget discriminant. Fou
these sensors anatmospheric-induced change in polari-
sation characteristies of the Hluminator radiation can
reduce SNR, increase the FAR, and thus reduce vange
perormance or knget detection probability,

5-3.7 DEFEAT MECHANISM TABLES

Fhis paragraph contains a twhalar presentation of
the potential ellects of nataral obscavants and batde-
held-induced contananants on seisor patonmance,
Fhe ettecs are summarized sasaabiy s Fug 502 Dables
36 through 2410 show the seisor deleat mechanian
asso bated wath cach obscarant tor a partcubar sensen
class Phe tables mdicate the ovggin and potential waver -
iy ol each defear mechoninam dor wonve amd pasaine
visual, neant TR thermal svarems, and actinve sanw

AASUY AW

54 ILLUSTRATIVE PROBLEMS

1 hesample problems o thes paragtaph tlastate the
e of the susiei porluiamee measines desnbed
this chapter o calenbate obsoaant cllcos o saaem
pretfotmanee. The sbunats ot from Cliapier 1ol
battdeficld page examples lin Chagier Fae it o
definn vy nomeatal sondinons the guantitanne daae
amd erations o thes dhupaoin e awdocalonlag
the chlvenn o thone envinompnental vessdations on swonun
pwiiotinae,

Phe spevalicatiom o o sonsor ety grobhoan
i hdes T savastem, (29 westhes cotrdunms g ot ured
arrnenglsctsc condinons, Changet and Bas kg, and
thash 1o be perfonmad. $he mbotmanon sagunal o
sofve the prollem v hih~

o Svaieme
A4 Senset el spvtal ol
b Pritonmanm o measuie fsabges tise el e
vinnve Jon amnagingg svstoans of SNV loe nesnmvaging
Ml
2 Apenphore
4 Natutal atvenplicrse comdinens
b Banbetechd andom e ommannan il € 1.
1 Larges amd B Kgramand,
a. Larget dunensions
b L angger-ter-tae hggoomannd sigivanin e oty s -
wral soanatre 37 o theroal snagers, gt conitrast

514

sigiature Co for day sights and 17 systems, o1 targes
icflectance pyfor Laser systems)

1L Task:

a Fype ob sk, e detection o identtication
b. Range ol probabiliny wequirement.

Steps i the solution are

. Determine aunosphenic nansmittance.

2. Deternune target signad at the sensor,

3. Detenmune sensor palonance equiteniont- -
Les SNVR o vesolunon,

L Determine semsor partonmanee fron senson pra-
formane e vesguirement and apprnent wreer sigial,

Fhe T esamples i ihis paragiaph ithusoane the vuse

ol matered i ths handbook o calculae the eblea ol
obscnrants o semsor perlorminee. The dns duee prob-
levs e caloabinons of sensen pettonance tor a din
stght gpar D=L thevmal senson gpar. 52123 and Laser
vange finder cpan 5 L3 the natueal atmopshere asd
m the nataral annosphere waith simoke added, These
problens e solved i detat tollasiiate conapless sy
wins Glenlavons, I the fownth example g, S b,
the clleets ol turbukence ona Lser sastent e cadonbated,
Lhe sematnder of the exaomples tlostiase how waderes
mancattiospher e tatsnntance i obs wants by usnyg
the combat exaples i pan 70 o covamiple ppoh
feros s 510 00 L e calondateons ae hinteld
o the determmnation ol atmesphiciie Baimsmame
throngh the ol anant i the suacm spwateal laabs

DAYSIGHT IN CLEARATMOSNPHERE
AND SMOKE (€=

PROBLE M. Caloulatton of the postonnanes o aday
ahtiran atmieaphere to s b sanoke has been adided
Fhas problem ilustsates the wvere degiastatnn of da
sghits by nventedy simokes

541

5411 Conditions

I Svaem
A I sagdue, 1 107 pen, nnsty asagnshination
b MR conve lig ave ik v
2 Mnunplun
& Clear wener altesieaan, visiala £ 1k
b \ehdial fong ond (B a0 = It w0
v kb bt ol WP b 00 2 )
o
1 Langey
A lank bagh - 2 1hm
b Larged contiast aguatuie § . - O
IR EN S
@ Pangget tevitnuiaony ot tame K 05 o
natinal atmmngdne
b larget tvonguetieny 2 v K6 - 05 b
arungalicre with O unolbe
s batget sevomnutnm gt vangs B 005 ki
atuwenpedien watle W aneds
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Contrast

_ Attenuation

(A) Eye, Day Sights, and Image Intensifiers

(B) Thermal Imagen

Target Reflectance

(C) Laser Range Finder

Figure 5-12. Obacurant Effects on System Pertormance

teont’d on neat page)
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Target Thermal Signature

Missile

|

(D) Passive Homing

Flare Tracker R Missile
are Tracke ! ) ~
" Attenuation ™
q =TTk B> i
“« - . :.‘.‘..i.'.. S — 1X

Eye

(E) Command Line of Sight Guidance

Missils

Multiple Scattering

Target Reflectance

tion

4 -
LN

Laser Designator

(F) Semi-Active Laser Guidance
Figure 5-12. (cont’d) (ont'd on next page)
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— Attenuation

(G) Beam Rider
Figure 5-12. (cont’d)

5-4.1.2 Determine Probability of Target
Recognition in Natural Atmosphere

1. Determine atmospheric tansmitiance:
Amnospheric transmitance using Eq. 3-1 is

T(N) = Tm(AN)ToN)T(N)TAN), dimensionless

where, in the absence of smoke and dust, the smoke
transmittance term T(A) and the dust transmittance
wrm T«A) are equil to 1.0.

The moiccudar ransmittance term, from Eq. $-3, is

. A . .
Tw(h) = ¢ MR dimensionless.
The aeros - ramsmittance term, from Eq. 3-4, is
. AR N .
ToA) = "M dimensionless.

From par, 3-2.1.1, yu(0.1:0.7) = 0.02, and from par,
3220 v040.7) = 3912 ', Usioe; ' =15 ki and
R = 0.5 km, as detined in the problem staement,

T(O."'O,?“l“) - (‘-(0.02)(0.5)(‘-(3.!)!2 "’n vh)
= ().87.

2. Determine apparent Grget sigmitire it sy,
Fhe apparent contrast is given by Eq 2-0as

C.=C "l-’—"-(l = IAH]T | dimensionless.
b

The inherent contrast Cq is 0,61, lrown the staement of
the probiem, and the sky-to-ground ratio, La £ais tiken
s be 1ol the guidance in Table 244 tor ol (desert)
conditiony is used. Therefore

Co = 06141~ L4[1 = (10087}

. .

3. Deteymine sensor vesohstion requirement:
From Table 5-5, the requivient for recognition is
that a day sight resolve n = 3 cycles across the target,
The number of cycles n, the system can resolve across the
target is, lrom Eq. 5-5,

n, = v’y , dimensionless

where the system resolution v at the target apparent
temperature isdetenained from the system MRC curve,
and the wrget spatial frequency v is found from the
target height b and vange R using Eq. 5-2:

w=Rh ,cycles/mrad.

I this case, fova 20tam taget at 0.5 ki,

5
nw= D5 - 0.21 cycles/mrad.

2.4

Fhus liom kg 5-5, the day sight mast resolve i spa-
talk Dreqquency wolat least {021 X3 or 0.63 cvcles wrad
o recogmize the taget Gt the 50% probabildity level) at
0.5 km.

4 Deemine seisoy performance:

Senson vesolution iy deteonined fronn the apparem
cottint Coalentined in Step 2 using the sensor MR
cutve i b 5.3 Foracontrast of 0.50, the system can
resolve a spatial bequeney v of about L8 oycles mnad,

The mumnber of cvcdes revolved acoss the Gaget ds,
from Ey. 55,

" = d8 - B.6 cycles.
0.21

The probability of accomplishing the cask is deer-
winea from the varget wansler probability curve in Fig.
55, In this case

5-17

" A iy AL L e g




102))3 Jofey Aqissod = ajours sniotdsoyd - g0
123113 Joulpy 2[qIssod = | axouwss po 8o - 04
WIGOI B IAAIN IO VI/N = — 4o . '3 1mposd yidusr yred vonenuasuos = 7)) ayouws JUMYIIOIONOTLY - Y,
- - = - = - - z 1 A T -z v - - aureudig 1ise paonpay
T — — T - T - = - = - = e Buipusig sosusg
- - - = = - - - = - = - ) stadie) ey
T — — T C - - - - - - = - . SRIIU0 ) pIEdIIX(]
¢ — — T T - - - - - - - e oy paeassu)

BduEpTY WRINNG()

- - — — - - - - - - - - = - - ‘ HIYS proad)
- - - - — —_ = — = - — - = - - : suINY ey
- - - - = - - - = - - S quiynang xing
- - - - = - - — = - = - = S 10N, pRedOU)
- - - - - - - - - - — = 0] feudig
A335u3 so1e0000]]] jJO Butidne

l
|
|
l
~

S<or] uonnjosay

¢ ¢ T T U | 4 4 I rd | [4 I - T - - sso] jrulyg
jeudis 1dieg o Buoney

Z T T T T ¢t i | 4 I i i < — — T - 0N, prEMIU|
¢ T 7T T ¢t — 1 rd | I i T — — T - <o) senuo)
uoneunNI] WNQWY jo BuLdlex;
[4 ¢ T T T tT ¢ [ANN 4 T 1 Z 1 < - - T - - wary jeuldig
uonmnpry gﬂuﬂﬂuﬂ-e.u.
i ¥ = 3 S 23§ ¢ fFFF g §FEFEF Oz $ £ £ 3 %
28 3 A 2 ¢ ”"A 3 ¥ % =2 »p Z = & z z 3 g =z ~ =T 2 =
" -~ ~ ~ ~ “l ~ - — = = = = >
g 2 £ = S ——
- 1353w g0

DOD-HDBK-178(ER)

5-18

SWILSAS ¥l HVAN ANV ATHISIA FAISSVd HO4 SWSINVHOANW 1VE43d HOSNIS ‘9§ I18VL

Sman e 2o o o —— PP . o

C e g ki e+
>




DOD-HDBK-178(ER)

193557 sole s[qissod =
134J] JOUlN Jqissod = |
WIQOId B ISAIN IOV /N = —4a

5-19

axzows sruoydsoyd — gm
aows o 30} = 04

;w/3 npoad Y1831 Yred uonenUIIEod = 7 IIYOWS JUTYIICIOMITNIY = IH .

G

sy aHwe | poompoy

O
6
O
O

- O
O
- O

O

——l:‘l
_-.|;\|

(3003 10ty SpPitjg sonen
sy Lsgrrg
IRTHTIT B IR S AT RRNY |
Rl AN IR T PR 1] |
ST TR VTS

ST T R T
Hungg o wpag
Bal LA MR LS LIS 1) ]
sr el
sF e g o] o Sureone s,

=¥ I

ot

Sty
i S BRI
vy 1N o it o
penting '

RO TEANGF IS NIRI R 3T
I(\— -t-..-—:.v
LTI TREDU T [T T TIAN SR T TR T T S

|

™
—
Il

|

|

b

BUS NI IHtIN
1408 MY YNNI |

saug

dMJeLL APIPA

(6="1)) dM

(a="17) dM

(6="1) Od

1) 04

1) OH

2poug

(G=T))DH

wa g -8ucy
W -uoyy

{
(1

Lquuy IH

AAvaH

WAy -

moug

Lavopy

3ary

uiry

b |

SUTMTTTTON §

W) poopy

BT

Apprangy ysigg

Qprngg sorg

1"y 183))

2 WSTUSY Y 1021
12413 wesnIsy)

SIWALSAS TVIWHIHL JAISSVd 3O4 SIWSINVHDAN LVIIAG JOSNIS 2-< FTIVL

e




DOD-HDBK-178(ER)

123))3 Jofep dQissoqd = ¢ >yows snaoydsoyd = gm
123§j3 JOUIN 2|qissod = | agouws fio Joj = 04
WaQoLd BININ IOV 'N = —4u -w 3 apord yfudy Yied oneNLINUOD = 7)) I3XOWS JURYLICIONPIEXRY = IH,
— — - = — = = —_ - P a s o T = = e — - .,.:.:.:.J_I LA poompoy
- = - - — = = - _ - _ = —_— - —_— — = - e - nu.:. (- faoanpes Reppitggg unu
-_ = — — —_ —_ — — _ - _— - —_ - —_— - — —_ —_ —_ ~3 .u...* LY LI
— _— = = = — = _ - _ — —_— -_ _— = o~ — —_ — DXL R USTR S Y]
_ - = = = =— = — —_— - _— - — — — = —— — RO AN TS ST R T

R T e Y T VRV T

J— J— N o N ot o N p— .J p— —_ _ — « — —_— ] — — l:--.-x .,—-..—
- - - - - - - - - - ~
- — & o o G o o - - o | « | o P | - - SUHRPLILG N
- — & & & © @& =& - & & o &= - &8 - - SaUANY bt
- - — - - - - - - - - - g g
i | o ¢ o o o ¢ | R PN H « ] P o - o« - - SO rUS
AR TR LTI TR T (T TYRYT U N
¢  — 1 | | l | l | ! o { - I « - 1 - - bl SLALELL B |
& &5 & & & & & 1 & a1 & e — & - - sserg gt
rqgt ~ . ~ .
rung bRt o Seene s
—_ = - - = = —_ - — - —_— - —_— e — e — B S NG 1R UNTE Y]
e mm e e — = —_— - —_— - —_— — — — e = IS I AUSHTTTE Y
(UL IR TU I TTTRTI 8 N
G | I S ¢ & o | G | e — & & - - A RLETEEN
ULETRIVER) IR IR FITTTIN Ui
2 — - ”~ -~
2 s = = E O X Z ws T £ & =z £ ¥ =z £ F @ - £ =2 = T &
P~ > T T Y W n S = z m = x & = = = um = = <4 ® Z -
@ = —_ — - - —_ — E = - = £ - = 2 = = - == - -
2 |2 3 . . 2] & B % < & S = s = £ = -
0 R - R ) ¥ = = 2 = o~ - = >
- i ‘N i [ ‘n ‘i a’ ~r = = 5 = = <
- o —_ = = o —_ = = 3 = = = =
B - = -~ - = = = - = s =
= < = = = « o WISIURY I 132(
o s - 132573 rueInng()

SIWWALSAS HI AVAN ANV TTHISIA ALLDV HO4 SKNSINVHIIAK LVILId JOSNIS '8 T T4V L

5-20




DOL-HDBK-178(ER)

193133 10fegn ajqissoq = z Mo stuoydoyd < g
193J§F Jouipy AqIssog = | >t po Bog - (54
WIQOIg B IMAIN 10 Y /N = 4y -w 3 pnposd yifua; qied GONIBIIUIIOS = f ) Iyt RTINS = W,
—_ = - - . —_— P Py ‘N “ P w:;:_.:.r,_l DR iy
—_ — - - . — o~ R — — - - - - - I LR R L R U T TR TN T
— —_— —_ _— —_— — J— —_ — —_ —_ -— —_— —_— — — — — -— — ~y ..l.:.- Lo LaF |
J— p— —_— p— — _ —_ —— -_— —_— — — — e — — —r— — Ead — m!m.-mmwuﬂu mu ™ty .J-
_— -— - —_ —_— —_— —_— —_ — —_— — — —_— —_— — — _— —_— — — -Jn-/ —u nE g mﬂ—m
YIRS it ~igy
_ —_ p— _— J— —_ —_ — —_— N — —— — —_— N. — -~ -— ‘l..»v — o . {14ty uv,- \,lu‘.m
—_ = - - - . —_ = b ] P 1 It e B L RTINS TR |
_ _ — — _ —_— _ —_ —_ o o | b i o —_— -— - — — Ll LA N ER T LY Heg
rtr = = — - — — (R e e 1 T R B R L
SR g R L LELLLT S I RIS T RTTILE
_ — —_ J— P P P— — { .I. N ] I —_— [} i — — _— — :ﬁ,\u 14 .::—.3 -3
o { - - - = - — I o o i Py I P I - | - = haabd I RETRAIN
IFEHTIN 8 T05 g o T
J— J— JE— _ _— — J— —_— J— —_— p— -— —_— —_ —_— — — — — — o ?n.,/ m»‘vv-m.; na.m.
p— —_ p— p— _— — J— -— — —_— —_ — P pa— — -_— — p— — -— awpy ~ Ist72343¢ 7 )
LR L ERET TS T IR T MO 83 T Ly my
e - & aod oo « T - & o - YT sy
ity LS BRI TR TIPS 1
2 I =2 =z = zZ zZ= = &g - L X Z - €€ = =- S - = = ©- =
¥ 2 = % & £ R = 3 : £ m T O£ m T w % = £ T £ : T
" £ 222 2 R R EE: oy E T OF R oG f £ * = I %
R T L S G I WO T -~ = © =
o L = 2 F F Y s z 5
8 ¥ - = T = = = = 3 =z £ £
= > =T o o lURIURY Y 12ag)
~ = - 133513 1swsn maq)
SIWALSAS TVIVHIHL AAIL)Y HO4 SISENVHIAN LVAIFU HOSNAS 6¢ ERL AR
‘

e

521




DOD-HDBK-178(ER)

- —— s e e A A A el @
1
[
i
122)3 10fep Iqissod = g g snsoudengd - gg
192JJ3 JOUT AQISSO4 = | ayousn jw foy - ()4
WIQOId BIIAIN IOV ‘N = —gse cw 7 npoid s ird vONENUIINOD 1 7 ) TITOUN EQLIOIYITEN - I,
—_— — e e e e e e PR — . P Py t - — — — - - LTI LA L R L I ERR TTERY 7]
— e e e e e e e _— - — - — - — e e e e e <3000 BRatgn: THIEEO10] Ml m
—_ . J— —_ —_ . — —_ —_ — — —_ _— — - — -— - - - SR Yo I S Th ]
— — — - -— — -_— — — -— — — e -— —— -— —— - —— - ted it e w u— »nit Y ‘m
—_— —_— —_— —— — —_— — —_— — — — — — —— — — — - - —— ,..n/ ua o S e ] | u:-
.-:_.__:.v- e ~y
- - = - = - = = - 7 o Tt o= = = - - UL RIS |
- - - - - = = - - - oo oo S T nng
PR —_— —_— p— — p— — p— —_— — ﬂ — nl _ _ — — a— — - ’-./ n.’..c- 3-
86 - - - - = - = - 7 « o o I - - - = el R LRI
(T R L IR L TTL LT IE FF I e TR R TTRE
_ — a— — -— — — a— pu— — ﬂ — I ] — — — —— - — ety m .-‘:::_-’ -w.
8@ = = — = - = - - @ e o - - - - - - Rkl B LaTEN
_..:u...t Y .u..:.n [ IR RTTI BN
—— — —— — — -— — — a—— — — — — — —_— — — — -—— — ,--/ —. ey Sa-
— — — — p— — pu— — [— —— — — — -— ——— — Ealid o a— o l‘\- 7..-=uu\w
LR R TR LT IR ER T ILTA N SR IR RTI IR
8 - —- = = = - - - ¢ a oo i B ey prutieg
tes it R—m» Rr IR I LM EEEE A PR ] m
m <« =z =z T T T = ~* % =2 z I = £ F - 2 = =2 T 2
2§ 3322 F:E§iFfEFT € Ffs P AL E:f
E 2 2 = & & =~ # 2 » 2 T £ Z EZ F £ * = . &
L A T . - = 3 = o~ - = >
> : I {0 ! z = = 3 H = s
g & £ & = & = : 3 7 z Z : £
mm be) m.... W * s UIIGEINNY YRI(]
=

13917 suean ()

SIWALSAS FAVM HALFINITINN FALLDY O3 SINSINVHIYIIN LVAAAA OSNIS ‘M- 319V L

5.22




Pr-apy

n: . 8-6 — 2.9

n

which yields a probability of about 98% of recognizing
the target,

5-4.1.3 Determine Probability of Target
Recognition in Atmosphere With
FO Smoke
L. Determine atmospheric tansmittance:
From Eq. 3-1,

T(N) = Tm(M)To M) TN TLA), dimensionless

where Tu(A) and T.(A) were determined in par. 5-4.1.2
and TAA) = 1.0.

The smoke transmittance term Ti{A) is calculated
using Eq. 4-2,

— ad NI : i
TyA) = ™ I dimensionless.

In this example, CL= 1 g w'. From Table 42, the
simoke mass extinetion coctlicient add) = 6.85m" gat
visible wavelengths. Haelore,

T04-0.7 uym) =

A0 3012 )
¢ ¢

Xl -4
Y0y =02 X100

2 Detenntine appvrent ke sigiature at the sen:
sor Appsient contrast Cmay again be calcaboted ising
Eq 200 However C2is less than 9 X 10 * (the value of
the atmospheric transmittance TTA, and fon thiscontrast
value the ey e resolution S eroas indicated i Fig, 58
Pherelone, the probabiin of weogniang the waget
through the simoke is /e,

LA Determine Probabiliny of ‘Target
Recognition in Atmoxphere With
WP Smoke

L Dewrranne atiosphicin aansitianee, Ao
sphictie tanstiianee s deeermimed as s, 50008
eneept that the salue ol the sioke estine tion cocficiem
A isdifferent lon W2 than it s fon FOL Becana WP
agiosmapin, the saiiee for et depessds on gelane
nmdsty From Pabile 3, 000,40 Tui = LOR 0t W™
RELand 27000 30% R s ¢! e visible sptina i, 8y
iterpertation, a0 Tunn = $9200 WA R ve e
vomnbitgons for this problem, hen, lota Gl g ' ol
we, ‘ -

T.(0.40.7um) = c“i“;’_""?';" ot d
o TR dimensionless

——
—
—

= ().020.
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Therefore,

T(0.4-0.7 pm) = e-(0.2)(0.5) e-(3.912/’l5)(0.5)

392010y ¢,
= 0.017.

2. Determine apparent target signature at the sen-
sor. Apparent contrast Co may be calculated using Eq.
2-11. However, the value of (CJ will be below 0.02, which
is thevalue of T(A). Th  theapparent target contrast is
below the contrast threshold of the eye, as indicated in
Fig. 5-3. The sensor user will not detect (or recognize)
the target under these conditions.

5-4,1.5 Summary: Smoke Effects on Day Sight
Performance

The unity magnification day sight in this problem
can casily resolve the tank target; the probability of
recognizing the targetat 0.5 km in the specified natural
atmaosphere is 98%. However, moderate levels of smokes
have a severe effecton day sight perfonmancee. If WP or
FO smoke are present ina CLoof 1 g e, the day sight
wser cinnot detect (mauch less recognize) the tank at 05
ki,

5-4.2 THERMAL IMAGER IN CLEAR
ATMOSPHERE AND SMOKE (CL=1)

PRORBLEM: Calcubation of the pedormance ol a ther.
nal vmager i an aunnosphere 1o which o smok, s
been added, Phis problem: illustiaes the negligible
chlect ol FO smokeand moderate cliearol W anoke on
thevmal ught pedonmanee, Phe amasphiene conde
torn and target wed in this probleat ate the sane s
thosw wsed o . L5 however, the atmospheric
tatnmittanee antd coget signatte will be dilferent
Becanse ol the dilferent spreciral bands of the wenvos,

5-4.2.1 Conditions

b Satemy
@ Phevmal mager, 832 um
e MRT cunven Fig. 52
2. Aunesphiene
£ Clear wintes afiermson, 0% RHO0°C vsibal.
sy = 15 ke
b Added fopg onl soke, G2, = 1 g W'
o Added WP amoke, €2 = Lg o'
1. Vaget:
a. Vank, haghu b =24 m
b, Carget thermal signatuee A7 18K
1. Vask:
a. Varget recognition at vange B = 0.5 kmvoan
atmmphore
b, Target tcogmition at vange & = 0.% ki in
atmmphere with FO unoke
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¢. Target recognition at range R = 0.5 km in
aunosphere with WP smoke.

5-4.2.2 Determine Probability of Target
Recognition in Natural Atmosphere
{. Determine atinospheric transmittance:
Again, Eq. 3-1 is used to calculate ransmiuance:

T(N) = Tl A)TAN)T(N)TLA) ,dimensionless

but for this example the transmittance terms must he
determined for the 8-12 pm spectral band.

From Table 3.2, the molecular transmittance term
Tm(8-12um) = 0.92 a1 1.0 km. It 1s estimated to be about
0.96 at 0.5 km.

The acrosol transmittance is given by Eq. 3-4,

ToN) = c'y‘“‘m, dimensionless

where, from Fable 34, yo(8-12um) is 0.02, which gives

To(8-12um) = " 42K05)
=0.99.

Therefore, in the absence of dust or smaoke,

T(8-12um) = (0.96)¢ %491 0)1.0)
= ().95.

2. Determine apparent arget SRR it sensor.
Fiom Eq. 5-3, the apparent target thermal signature
AT is

AT = T(MAT, K

where AT ivgiven as LEK, and TA) was tcaks ulied o
be 0.95 in Step L. Therelore,

AT =(0.95(1.8) = 1.7 K.

3. Determine seivor resalution reguitenment. From
Table 55, the Johnson critevion nis 4 oveles teslved
actosy the tavget oy rcognition using o thenaal
imager. The number of cycles ng the sensor can revolve
actons the tanget s given by Eq, 5.5,

" =v'w . (‘Yfl(‘s

whete » lor the tank a1t 0.5 km s 0.21 ¢yeles mead, s
determined in par, 5400,
4. Drcrmine senwnr petformamce:
Scnvr resolution is detevmined Trom the apguarent
thevmal signature 37 caloulated in Siep 2 and ihe
MRT varve in Fig. 52, Fora 377 of 1.7 K. the thermal

524

imager can resolve a spatial frequency v of about 4.3
cycles/mrad. Therefore, the number neof cycles resolved
across the target is

n, = 43 - 20 cycles.

0.21

The probability of recognizing the target is found
from the target transfer probability curve in Fig. 5-5. In
this case

2= 2 5,
n 4

Therefore, from Fig. 5-5, the target recognition proba-
bility at 0.5 km is 100%.

5-4.2.3 Determine Probability of Target
Recognition in Natural Atmosphere
With FO Smoke
1. Determine atmospheric ttansmittance. From kg,
3-1,

T(A) = Tl MTANT(NTAA) ,dimensionless

where Tm(A) and Ty A) were determined in par. 5.4.2.2,
antd T4A) = L0 The simoke transmintance term T A) is
caleulated from kq. 4-2

MGl

TyA) =¢ , dimenstonless

where CLo= 1 g w'. From Table -2, au(A) = 0.02 foy
FO o the 80 2um band. T o,

Ty(8-12um) = > = g 98

and

T(B-I‘lum) — (0.%6)("‘0‘02"“‘5’('""‘"2“""’(I.O)
= (.98,

2. Detenmine apparent target signatuie. From kg,
5-%, the apparent target signature 377 iy

AT = T(\AT K
= (0.93K1.8)
1.7K.

3. Detennine seitsar sesoslution icguisemest. P
Johnwon criteron aois 4 avcdes, and # s 021 e
mradd, as disctiswed a0 par. 3-4.2.2,

1. Detenmine sconvs pertormiance. From Fig 5.2,

P




the sensor resolution v for an apparent target signature
AT of 1.7 K is about 4.3 cycles/mrad. Therefore,

n =—-4t-= 4.3 = 20 cycles.

Vi 0.21

For recognition using the Johnson criterion n =4
cycles:

R T

n 4
Again, from Fig. 5-5, the probability of recognizing the
target is 100%.

5-4.2.4 Determine Probability of Target
Recognition in Natural Atmosphere
With WP SMOKE
1. Determine atmospheric transmittanee. Auno-
spheric transmittance is detenmined as in par, 5-1.2.3,
except that the value of the smoke extinction coefficient
a,(A) is different for WP than itis for FO. Table 4-3
gives a(A) = 088 for WP in the 8-12um band at 50%
R, and ai(A) = 0.38 ar 30% RH. By buwerpolation
a(A) = 038 at 40% R, the conditions {or this prob-
lem. Then, fora C1oof | g w* of WP,

. @12l . .
To(8-12um) = ¢ :'o(“m ‘" (';:' , dimensionless
l" ol .

= (.74
and

TR-12um) = (0.96) PIAOV OO )
= 0.65.

20 Determine apprarent tager sigatare. Undes
these conditions,

AT = TR 2um) AT, dimensionless
= (0.65)11.8)
= }.2Kk.

3. Detenmine s tesolution nyquuement. The
Juhoson criterion moas §ovdes, and v 8 0.21 vl
el as dise vnad iy gaar. 5422,

4 Determine swns pedormance, From Fig. 3.2,
the seivst tesolution for an apparval Lirget signatate
A7 ol 1.2 K isabout 1.00vehes onad, Therelore,

v 10
», 021
= 19 cycles.

n =

DOD-HDBK-178(ER)

For recognition

m=19

—— = ——=438.

n 4

Again, from Fig. 5-5, the probability of recognizing
the target is 100%.

5-4.2.5 Summary: Smoke Effects on Thermal
Sight Performance

The performance of the thermal sight was calculated
for the same atmosphere as the day sight in par. 5-4.1.
The performance of the thermal sight in recognizing
the tank target at 0.5 ki in the clear atmosphere was
equivalent to the day sight performance. However,
neither FO smoke or WP smoke with a CLof 1 g w’
affected the performance of the thermal sight. The WP
smoke did, however, reduce thermal transmittance by
about 25%. In higher concentrations or in conditions of
marginal clear wir thenmal sensor performance, the WF
smoke will degrade thermal sensor performance.

5-4.3 Nd: YAG LRF IN HAZY ATMOSPHERE
AND WP SMOKE (CL=1)

PROBLEM: Calculation of the performance of an
LKF in an aunosphere o which a smoke has been
added. This problem illustrates the reduction in range
performance of s Nt YAG LREF by WP awoke,

5.4.3.1 Conditions
1. Swystem

a. N YAG LRFE, 1,06 ym
b Sy stem speeification

11 Pulse widih 8 ny
(2) Peak tansmitier power P, AX 0w
(3 Opties wansimittanee 07, 0.4
1h Receiver diametn 0.07 m
M Receiver FOV 0.0 mrad
v Fhadangle fswa beam

hvergenoe 8 0,25 mrad
171 Detecn noise cgqunadent

power NEP BHX 10w

o Fabse alanm ae FAUR vqual 1o 130

2. Ntmenphere;
T RELIOCC, visilibiy 7= S han
b. Adkled WP smoke, €7, = 1w’
3 Varget:
A lank, 24X 34 m
b, Tank et iclecines g = 0.3 ae L0 uin
L Fask:
a. LRF range performance and SR in aaral
anephore
b. LRF range perfonmance and SR in anno-
sphete with WP snobe,
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5-4.3.2 Determine SNR and 90% Detection Range
in Natural Atmosphere

1. Determine atnnospheric transmittance:
From Eq. 3-1, aimospheric transmittance T(A) is

T(N) = Twu(A)To(N)TH(AN)TAN) ,dimensionless.

From par. 3-2.1.2, molecular absorption is negligible at
1.06 pm, so Tw(1.06um) = 1.0. The aerosol transmi:-
tance term To(A), from Eq. 34, is

-va(A)R

TdA) =€ , dimensionless.

From Eq. 3-6,
0,136 + 1.16 log(3.912. I’ -
() = 1OV0-136 + 116 log(3.912 1)1‘ k™.

For visibility I’ of 5 km,
)= QU036 + LIS lor3.012 5]

¥a(1.06pm
= 0.55 km™".

Thus in the absence of dust and smoke, T{1.06) = |
and Tal06) = 1, and since To(1.06) = 1, wransmit-
tance 7106 gm) from the LRF to the target is

T(1.06 pum) = ([‘0'”.'“”"")"“‘0”I.o) - o~0..'.).'lﬂ~

2, Derermine tagaet signal e the senun,
From Eq. 5:7, the yeceived signal power P

P, =
(PTH T Mo os® TV ToA, ®R) W,

The teceiner aten Ao caloulated rom the neve
. b L
apties dimneter and converted rom m™ o km” i

A= ﬂ‘ll-‘ﬁllx 10° L km
= 3.8 X 107" km',

From Eq. 5B, the conerage fator A s

c"'
bS]

k8

Al = . dimensionless

where the taiget atea . i determined Iromn the target
e

= (WS4 _ 116

"’ . Py y
rR0.25)° R’

The value of M cannotexceed 1.0 (i.e., the target cannot
reflect more energy than is incident on it). Therefore, M
has two values that depend on range to the target:

(1) R equal to or less than 6.45 km

M=1
(2) R greater than 6.4) km
M= 41;6
R’

With these expressions, thetarget signal P, at the receiver
15

P, = (5 X 10%{0.6)(¢ ")
(M)0.3)(1.0)e *¥#)3.9 X 10°/ 7R} , W

RZ

X107, wW.

(1) For R equal to o less than 6.45 ki, M = 1and

L X o R

P, =
RG

, WL

2) For R greater than 645 km, M = 41,6 R and

= 465 X 10%

P, R

3. Determine swasor SNR sequitement, Fig. 5-10
gives detection probability Povs SNR as o funcion of
the product of rand FAR. For dus 1LRE,

tFAR = (B X 107 %)(150 sy = 1.2 X 10™.

Fhis value alhs between the carves fos ep 4R = 10 *and
10 % From an eyeball ostimate of the interseoion of
thewe curves with the 0% detestion probabilin care,
the requited SYR s 6.25,
1 Detenmine seonsor pevlonmance,
From Eq. 59, the LRF signalao-noiwe tano SR s

SNR = --&——-. dimensionless.

»

Thorclee, subntituting e 2, aml NAP givs
(1) For R cqpuaal 1 on Jews ghan 6.45 km

LIXi0'e!'
6.5 X 10 'R’

SNR =

- _bixoe''"
R!

- e

W




{2). For R greater than 6.45 km

4.65 X 107% "'®
6.5 X 10°R*

SNR =

7.2 X 10%"'*
R‘

To deiermine the 90% detection range, solve this
expression ior R when SNR = 6.25. The solution
requires trial iterations of R, but it yields a range
R = 6.0 kin.

5-4.3.% Determine SNP and 90% Detection Range
in Atmasphere With WP Smoke

1. Determine aimospheric transmittance, From kg,
3.1, uansmittance T(A) is,

T(A) = Tu(A)TAN)T(A)TLA),dimensionless.
In the absence of dust, TAX) = 1. From par. 5-4.3.2,

Tw(1.06pm) = 1.0
Tw{!.06um) = O R

From Eq. 4-2,
TAA) = M dimensionless.

From ‘l"nblc 48, the value of adAdat 1,06 g lor WP s
F.obwm gt 70% RHL Theretore, Tor WP anoke with &
ClLollg o ol WP,

. T
T{(1.06um) = ¢ “f'"' '
=(‘(-l.m;

Sulnttating i Eg. 34, she siansoniang: hetween abe
witsn ankl e ranged iy

TU O6um) = (1.0t

R R XY A
-_— ‘s ‘\

(1.

0V

=0.1%

2. Determine arget sagnal at e wanr . The signal
1% at the sensn s the vamne as cal ulated o par 5482,
exarpi the salue of 7(1.06) has changed becanse of the
ackdition of WE sk, Subntstutiog an Eqg. 7 g

1 Fon Roqual tinor ess than 6.5 A, 0 = ] gemd
108 X 10

r= = W,

DOD-HDBK-178(ER)

(2) For R greater than 6.45 km, M depends on range
and

1.68 X 1037 W
R o

P, =
3. Determine sensor SNR requirement. The re-
quired SNR is 6.25, as calculated in par. 5-4.4.2.

4. Determine sensor performance. From Eq. 5-9,

P,
NEP

SNR =

It is evident from the calculation in par. 5-4.3.2 that
performance range in this atmosphere will be less than
6.45 km. Therefore, only the expression [or SNR where
R is less than 6.45 km is required:

4,08 X 105" \R
6.5 X 10° R?

SNR =

6.20 X 10% "R
R2

To uerermine performance mnge for 90% detection
probability, st SVR = 6.2% 2ad solve, by iteration, for
R, This viclds 2 90% dacction probability at range
R =38k,

5-4.3.4 Summary: Smohe Effects on Nd: YAG
LRF Performance

Smokes agnilicantly degrade the performance of
near IR Baser systems such as the L0600 Nd:YAG LRF
i this example. The intodiction of 1 g o’ of WP
smuhe 110 the atimnphere betworn the LREF and ihe
targvt-reduced LRE perfonnam e tainge T 6.0 1 3.8
Ao, The cibocte of FO amnd HC amobes are moee severe,
boecasuw these sinoke e much et aticnanars of
vastble and near IR wadhaton than W

344 LASEROPERATHONIN TURBULENCE

PROBYEEM: Calosbare the effoot of naturally oo
ving turhalenee on laser Watem operation, Ths prob.
Tem aliustrates the icawe in beam diameres and iedin -
tism oo onvaxas sadiane e as a laser beam s propagaied
thivugh a witbulent anmnphere.

5-4.4.1 Conditions

i ‘miem:
2. Nd:YAG lawt, ).06um
b, Sparcafrcaton:
(1) Beam davergemo dilfraction limaicd

527
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(2) Aperture diameter D 0.07mn
(3) Pulse wita 7 8ns
2. Aunosphere:
a. Natural atmosphere specified in par. 5--4.3.1
b. Mild turbulence; index of refraction structure
constant Cx = 10"m *"'
3. Task. Laser performance in wrbulent auno-
sphere.

5-4.4.2 Calculate On-Axis Irradiance and Beam
Size at Range K in Turbulent Atmosphere

. Determine aunospheric nansmittance:
Atmosphenic mansmitianee is not alfeaad by wrbu-
lence. From par. 5-0.3.2, for the specified atmosphere,

Lo aJd 'ﬂ.:-;. R M kY
T(A) =¢ 7%, dimensionless.

2 Detcrmine signal at taeget:

Fhe wital power at nnge R s anchanged by the
trbulent annosphicre. However, the spatial distnibue
ton ol the enctgy s changed. In the tabudent auno-
spheie the peak inadiance on the iaget soreduced In
the beam spread. I addivion, beam wander and imes
sty fluctnanions tsomudlation) wall s hange the imagia-
tude of the wradianee atany pount i the et plane
fron pabse s palwe,

Phe Stuch) vatio s the 1atio of - e averape onsanis
radhance with ttbiience 0 avetage o-axe s
diance without tarbnlence, For single b, the sl
term Sichlrano N, isused (Fa 322200 524 Ihechone
brerween kg, 3222 and Fa 3223 depessts on the vano ol
the elfecve Loer apertare dimeiens D the volwaemer
length v From Eq. 3224,

r. = 0332510 °A)" 10'CaR) .
In the example,

r. = 0.33251.06 X 106 X 10" X 100"
= %03 X 107°R .

LY

Fow the spevilied Lases apertare of 0.07 m,

nD___00]
Te 0.0303

R =231 R"

Thetelore, D . >3 R 2 1.5 km, and v Eq 223
usedd (o Lo the shwstsenm Stechi satio S, at ranges of
1.6 ketv o Jomapes.

sl? =
114 (D r) ~ LIS 1) '], dimensioniess.

$-28

Substituting for D) r, yields

S = [1+ 231RYY ~ LIB23IRYY Y
= (1 +534R"" — 476 R) ",

At6km, $,; = 0.055, which corresponds to a reduction
in average (short-term), on-axis irradiance 10 5.5% of the
original value. The beam radius in the presence of
wrbulence is increased by a factor of S.3'° over the
diffraction-limited beam radius (see par. 3-2.6). At6km
S.:' 7 is about 4.3 for this atmosphere, so the beam
diameter increases by a factor of 4.3, The beam area at 6
km isabout 18 times larger inthe wurbulentaunosphere
than it is in the diffraction-limited beam ares.

5-4.4.3 Summary: Effects of Turbulence on LRF

Furbulence eteons can it LRE perfonmance, The
ellerts are mote severe at 106 g than they e at s
pm beanee abhihe dependence of the cohaence leagth o,
on A asshownoan kg 3224 Forthe N YAG EREF inthis
probleny, ikt tnbulence moreased the beammea by o
facten of T8 3t 6 ki and reduced on-anis naduane o
less than 6% of the orpginal (o wrbulences value

545 ARTILLERY EXAMPLE, THERMAL
SENSORAND WIRE-GUIDED MISSILE
PROBUEM. Caloulate the effeet of an artillens bae
tane o tananitapce lor g wateguided imtasile wihy
sepet beaon and K32 g thictmal nsager. T paod-
lews explannns the use of “he mullen example winle
Whintrating vhe depesdens v ol saatem perlopmance on
both spertval Baswd annd ine of suigha,

5-4.5.1 Conditions
1. System:
a. Thermal images, 812 um, for target acyui:
tion and track
b. Xenon bracon on masle tasked by 35 umn
miasile tracker
2. Ninnnplwre:
& Winter alternoon, 10% REL PG, viaibilin
=5k
b Artallens barrage. sepresenind by Fages 4-10aml
-n
LI FUPTITCIR
A Senwr: (L -0 R k) condinates, Fogts. 110 and

b, Taiges: (6, 00 hmdconndinates, Fage. 4 10l
-4
€ Missile: mones frmn amges auisttam wims
thavine bt ) 1o Largn
1. Task:
2. Theumal imaget: detent targes signal (8- 12 gon?
b. Musabe trae her s dheioa t wsaale signal (3-5 uin).




5-4.5.2 Determine Atmospheric Transmittance
I. Determine ransmittance for thermal imager:
For the thermal nimiager, 8-12 gm transmittance s
caleulated wlong o 5-km path from (1, -0.8) 10 (6, -0.8)
coordinates. From kq. 3-1

T(A) = Tm(M)ToA)T(AN)TAA), dimensionless.

From Table 3-2, for i 5-km path ac 10°Cand 40% RH.
the 812 pm molecular transmittance Tu(A) is

Tw(8-12 um) = 0.77.
From Eq. 3-4,
T{A) = PR dimensionless.

From Table 3-4, tlvisibiliny 17 = 5 Kkm, 7.(8-12) is 0.07.
At a range of 5 km,

To8-12 um) = ¢ = g 70,

Panaenitiance through the st atnnosphere, exclud-
ing obse urants, i thus

T(8-12 um) = (0.7000.77) = 0.54.
From By, 4-3

. @AM . .
Tar: =™ P dimensionless.

From Fig. 1D, the dust comcentianon path lengih
prambuct CLoantegaaed abong the LON rom o, .0 8L
w08 s 1708 ' From Lable 46 ax® 12 um)
nNa g Then,

Rl LTI N

TAR-12 pmy) = = 0012

T b abnene e of unoka,
Tany =1,

Fhe 812 s anamattane e through the S ha pal s,
thevwdoge

TER12 iy = (0 TINOT0LORO.OI D
= ().00H).

2 D tnanvsamirtan e lop the stnaale tm hes

Lhe amvaale tracker on the laumher hae 2 ¥V oum
detevnn, which itac ks the misale plume e 3 semm
Ywasomy ons the wsale: thiy depemds o the savom
dvagn Transmtam e s alonbaed enes thw path lienn
the msatle 10 the Lasncher, The path lngih wall

DOD-HDBK-178(ER)

inaease from 0 to 5 ki as the missile is kiunched and
approaches the target. Inaddition, the amount of dust
in the path will change, as shown in Fig. 4-11. For
illustration, wansmittance is calculated here for the full
5-km path. Again, from Eq. 3-1,

T(A) = Tw(A)ToMN)T(A)TAA), dimensionless.

From Table 3-1, for the specified atmosphere (visibility
I’ = 5 km, 10°C, 40% RH), 3-5 um molecular transmit-
tance over a 5-km path is

Tw(3-5 pm) = 0.46.
From Eq. a-4
TdA) = e"l-(o\)R

where, from Table 3-4, v¢(3-5) = 0.11 ki " if visibility
1" =5 km. Thus

To(3-5 ) = ¢ 01 = g 58

Transmittanee through thie natural atnosphere, exclud-
ing obscurants. is thus

T(3-5 pm) = (0.46)(0.58) = 0.27.
S e there s no vnoke,

T4 = 1.0.

The trapsnsttant e TAM throsigh dustis againcalon.
Lavedd pntng By, 13

where the £ prsdicruldust wandetermined o be 15 0
o Fromm Fable Bhow,th pe) =027 m g lin
s genctated dast. Tha,

W27 0

T&3D pny = ¢ = 0.0W0.

Subntitalugg in Eqg. 31 e

A0 TisiT o,

(0."b~x"(“ “"ﬂ( ' .ok
0.0027.

Fow prathe shorrar than e fall vl path length,
twanunittam ¢ will be gl

T{3-5 ym)

i ou

5453 Summary: Artillery Example, Thermal
Sersor and Wire-Couided Missile
11 2 weapon system has wituws opctatity, i twe
dilferent gprevtzal batuds, the annenphiore will aliow

5
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always affect the two sensors differently. Differences in
jocation of the sensors relative o the taiget will affect
their relative performance. In this example, natural
atmospheric transmittance over the 5-km path differs
by a factor of 2 for the 3-5 um missile detector and the
8-12 uin thermal imager: 0.27 in the $-5 ym band and
0.54 in the 8-12 pm band. Transmiuance through the
dustis about 0.01 in both bands. However, as the missile
moves [rom the sensor to the target, transm:ittance over
the line of sight (LOS) from the beacon to the thermal
imager goes from 1.0 (at the imager) (o about 0.003. A
temporary blocking of the thermal imager 1.0OS to the
target could result in erroneous guidance to the missile
and thus a miss even if there is very high transmittance
on the missile-to-beacon 1.0S. Note that in the 3-5 um
band, the extinction coefficients for HE dust (Table
1-6), fog oil, diesel oil, and phosphorus (Table 4-2) are
all between 0.25and 0.29 m* g, whereas for HC it tsa bit
lower, 0.19m”, g. These obscurants will have very sim-
ilar effects on 3-5 pm transmittance for equal CI. prod-
ucts of obscurant. In the 8-12 um band HE dustand WP
have extinction coefficients of 0.26 and 0.38 in°. g and
will have similar effects on transmittance. The 8-12 um
extinction coefficients {or other inventory smokes are
much lower (Table 1-2); the. -ore, these obscurants—
FO, HC, WP, and anthracene—will generally have neg-
higible effects on 8-12 um sensor performance,

5-4.6 ARTILLERY EXAMPLF, LASER
DESIGNATOR

PROBLEM: Calculate nansmiuance for laser desig-
nation in artillery-generated dust. Two wavelengths
minst be considered in laser designation; the hu naneye
. rgetlocation and the Leser wavelength for designa-
tuon and tracking. In addition, the designator and
tracker are not collocated su bota path length and oh-
scuration may be different for the two sy<tems.

5-4.6.1 Conditions
1. Laser designator and weapon system (see Fig.
2-5):
a. Human eye, 0.4-0.7 um
b. Laser designator, 1.06um (active)
¢. Laser spot wracker, 1,06 ym {passive)
2. Atmosphere:
a. Central Europe, spring morning
b. Artillery engag=ment, repaesented by Figs, 4-
12and 4 13
3. Locations:
a. Designator system (eye and designator laser);
(4, 1 km) coordinates
b. Laser spot tracker (on weapon): (3, 0 km)
coordinates
¢. Target: (5, 0 km) coordinates
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4. Task:
a. Designator system: acquire target visually and
designate with 1.06 pm laser
b. Laser spot tracker: track 1.06pm laser signal
reflected from target.

5-4.6.2 Determine Atmospheric Transmittance

for Visual Target Acquisition

From Fig. 4-13, there is a cJear LOS from the designa-
tor to thetarget. The range R is 1.4 k. Average weather
'.r a spr..g morning in the European highlands is
found in Table 3-12. Visibility }” has a mean value of 9.6
km [or the 3 A.M. 10 9 A.M. time period, and absolute
humidity p averages 5.8 g/m”.

Eq. 5-1 gives transmittance T(A):

T(N) = Tim(N)To(N)Ts(AN)TAN), dimensionless.

In the visual and near IR spectral bands, Tim(A) 1s found
using Eq. 3-3:

Tm()\) = (‘—‘YM(MR

, dimensionless.
where, from par. 3-2.1.1, ym(0.4-0.7) = 0.02km™". Thus

Tn(0.4-0.7 pm) = ¢ 9990 = g g7
Similarly, Ta(A) is found using Eq. 3-4:

Tu(A) = 0K

N
where y,(0.-4-0.7) 1s given by Eq. 3-5:
¥4(0.4-0.7) = 8.912/F, km™".
Thus
Ta(0.4-0.7 pm) = ¢ = DK

=e (-3.012 9.601.h = ) 57,

Since there are no obscurants such as smokes or dust in

the LOS
T«(A) = 1.0and TAA) = 1.0
Substituting in Eq 3-1 gives

7(0.4-0.7 pm) =
¢ (GO BIN2I6MDy gy} 0)

= 0.55.

N a—




5-4.6.3 Determine Atmospheric Transmittance
for Laser Designator

The 1.06-pm designator radiation propagaies from
the designator to the target and is reflected off the target.
The path from the designator to the target is the same
(unobstructed) LOS for which visual transmitiance was
calculated in par. 5-4.6.2. The 2-km path from the target
to the spot tracker contains munition-generated dust.
Transmittance is calculated using Eq. 3-1 (see par. 5-
4.6.2). Tm(M) and To(ir) are calculated for the entire path
length (2 km + 1.4 km); T«A) is calculated only over
the obscured portion. From par. $-2.1.2

Tm(1.06) = 1.

The near IR aeroso! extinction is calculated using Eq.
3-4, with y.(A) given by Eq. 3-6 when visibility V is
greater than 0.6 km:

7a(1.06) = 100136 + 116 1oR B12T) | -
=0.26 km™".

To(1.06) = YV
= (020114 +2)
=e
= 0.41.

Transmittance TAA) through the dust is determined
from Eq. 4-3

TN = N0
From Table 4-6,

ad 1.06) = 0.26.

The concentrtion path length product G2, of dust in
the path is scaled from the dust concentration plos from
Fig. 4-13. On the path between the target and the taser
tracker, (5, 0 ki) 1o (3. 0 ki), approximaely 600 w is
obscuted by dust, There is about 250 m of dusy with a
concentration of 0.00 g m ' and 350 m with a concenira.
tonof 0.05g m’. Thisgivesan integrated dust eoncen-
wation path length precduct:

ClL. = (0.01)(250) + (0.05)(350)
=20g'm’.

'nm\
Tal. 06 pm) = o "% = 00055,

Smce Tua) = 1.0 substituning in Beg. 341 gives
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T(1.06) == (l_o)e-(0.26)(1.4 + 2)(1'0) e-(0.26)!2,0)
= (.0027.

5-4.6.4 Summary: Artillery Example, Laser
Designator

In this problem, weapon system effectiveness depends
on performance in two spectral bands (eye and laser)
over two atmospheric paths. The forward observer has
an unobscured LOS to the target. The designator laser
energy propagates along the unobstructed LOS 1o the
target and then isreflected through munition-generated
dust toward the tracker. The target can be located and
designated by the observer, but the laser spot tracker
rnay not be able to acquire the target because of the dust.
Obscuration along the designator—target LOS would
affect target location and designation.

Note, however, that in the visible and near IR spectral
bands, dust (Table 4-6) has an extinction coefficient of
about 0.3 m*’g; itis much less effective as an obscurant
(given similar concentrations) than inventory smokes,
which have extinction coefficients of 3.66 1o 5.85 m* g
in the visible band and 1.77 to 1.59 au near IR wave-
lengths (see Table 4-2).

5-4.7 ARTILLERY EXAMPLE,
MILLIMETER WAVE SYSTEM

PROBLEM: Calculate the effect =f dust on down-
ward-looking, passive mmw wrminal guidance. This
problem illustrates the negligible effect of dust on
wmw radiation.

5-4.7.1 Conditions
1. System. Munition with 94 GHe passive ieyminal
guidance
2. Aunosphere
a. Entopean highlands, winter alieynoon
b, Atillery generated dus, represented by Fig.
110
3. Sensat lecation:
a A, 00 k) condinates, Fig, 10
b. Senvor altitude, 50 m
4. Task. Doweward-looking ternvinal target acgui
sition aml gyeidance,

5-4.7.2 Determine Atmospheric Transmitiance
1. Trammitance T7A) i given by Eq. 3.1

T(A) = Tl MTAMTHATAA).

At GHa rom Eq. 3-8

TQ(A) = e'}‘JA)R
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where ym(91 GHz) is dependent on absolute humidity p
as shown in Table 3-3. Weather data for the European
highlands are given in Table 3-12. In the winter, aver-
age absolute humidity isabout 1.7 g m'. Atthis humid-
ity, ‘Table 3-3 gives ym(914 GHz) as approximately 0.063
km™'. Thus

Tm(94 GHz) = ¢ 0080 = o

From par. 3-2.2.4, mmw radiarion is not attenuatec
by hacze. Therelore,

T«(94 GHz) = 1.0.

The mmw sensor was placed at a position where the
downward-looking optical depth OD of dust varies
trom greater tham 3.0 w0 about 1.0, The dust concentra-
tion must be determined in order w calculate 94 GHe
uansmittance, From Eq. 4-6,

0D = InT(0.4-0.7 um)
= a(0.4-0.7 pm)CL..

Tauble 46 gives ad0.40.7 g as 0.32 m° g, Therefene,
these OF values covtespond o dust CL products of
about 3 10 10 g m°. Millimeter wive transmittanee
TAN) through dust is calonlated from Eg. 4-30 with
aA94 GHz) equal 1 0.001 g: m* (from Table 1-6). Fon a
GLob 10 wm' of dust

“add)
TAN) = ¢4
A ) c-(().()()lnlm

= 0.99.
Hahe €1 were 100 g ', the dust ransitiitianee term
would be

TA494 GHz) == 0.90.

Clearty, a very high concentration of shust is reguined
1o defeat the ™ GHz sensor i cear weadher (it the
aaten disagn is viable in the dust-fiee environment ).

5-4.7.3 Summary: Artillery Example, Millimeter
Wave System

Munition-geoerated dust is not an cffocive obswouram
for mmw systems. A G ol 100 g md nduces M GHE
gansmittance 10 0.90. Inspection of Table 12 shows
that inventory siokes are equally incllective againu
HUNW sysiemis,
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5-4.8 OBSCURING SMOKE EXAMPLE,
LASER GUIDANCE

PROBLEM: Determine effect of smoke on missile
system with CO; laser guidance and TV or thermal
hmager target acquisition. This problem illustrates the
cffect of smoke on sensors that operate in different spec-
tral bands but may be part of the same weapon system.
Natural aumospheric transmittance effects have been
covered in the previous examples; they are not treated in
this exaniple.

5-4.8.1 Conditions

I System:
a Thermal imager, 8-12 pm, for target location
and tracking
b, Missile plume tracker, 3-5 gm, for inital mis-
sile wacking
¢, GO, aser, 10.6 gy, for missile guidanmee
TV, 0.7-100 g, asalternate for uorget location
and wacking
2. Aunosphere:
a. Natural aumosphere ignored {or this illusia-
von; Tw(A) = TyA) = 1.
b, Phospharus sinoke rom WP mue® v illus-
tated i Fig, 421
¢. Relative humidits RH = H0%
3. Location {(see Fig, 21
a Target a (100, 75 ) coordinates
b, Sensor at (1300 75 m) comdinates moke has
Just Blown acress sensor),

5482 Determine Atmaspheric Transmittance

Transmitance TyA) through smoke is given by Eq.
19

:,-I(A) - c-a-(M(Cl.

Values for ahjat S0% RH are given in Table 4.2, The
CL of phosphorus in the path must be determined from
P 421,

Tor estimae the G along any path thyough the ob-
sOEDL, tote the concentration comaours, Usingataler,
meinare the gaath Jength 7. for cacly concentration (.
he westal CLois e s of the concenttation path
fengrh producofor cas ol the dustcontans i the LOS.
For this example, as noted on Fig, 421, the wnal €1
along the angat 1 s LOS s

Cl. = (50 m){0.0} gsm') +
(190m)0.03g - m") + (30mu0.0ig m')
=6.5 g m’.
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From Table 1-2

as(0.7-1.1) = 1.77 m~,
as(3-5) = 0.29 m~/
ay(8-12) = 0.38 m’. g
a,(10.6) = 0.38 m*/g.

2,
Iy 8
5

Therefore, for the 8-12-um thermal sight

T;(8-12 pm) = e-(0.38)(6.5)

= 0.085.

For the 3-5 um sensor

T.(3-5 um) = ¢ ©ONE)
= 0.15.

For the 10 6 um laser
Ts(10.6 pm) = o {0.-38N6.5)
= (.085.

For the alernate) TV sighe:

Ty(0.7-1.1) = ¢t THES)
—lox 107,

5-4.8.3 Summary: Obscuring Smohe Example,
Laser Guidance

This exsmple calculated vansmittance through WP
smoke for four differentspectral bands that might form
part of a weapon system using a CO; laser lor missile
guidance. Transmittance through the same emouni of
WP smoke (6.5 g m®; varied from 1.0 % 10" o1 the TV
sight 10 0.085 for the CO: laser to 0.15 for the 35 um
sensor. The clear weak link in this example is the TV
serwor i operation in WP smoke is required. The
example illustrates that in a multispectral system, one
critical sensor may not be able 10 see through the ob-
scured atmosphere, even though the other systems have

adequate signal,

549 VEHICULAR DUST EXAMPLE,
LASER GUIDANCE

PROBLEM: Effect of vehicutar dust on misvile sys-
e with CO; laser guidance amd TV or thermal L nager
target acquisition. System ix the s as that o par.
54.8. Thi. problem illustiates the effect of vebiculas
dust on sensors in different specteal bads by using the
vehiculat dust combat example from par. 4-7.3. datural
atnospheric transmittance is ot calculated.
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5-4.9.1 Conditions
1. System {same as par. 5-4.8.1):
a. Thermal imager, 8-12 um, for target location

and tracking
b. Missile plume tracker, 3-5 um, for initial mis-

sile tracking
c. CO; laser, 0.6 um, for missile guidance
d. TV, 0.7-1.1 um, as alternate {or target location
and tracking
2. Atmosphere:
a. Natural atmosphere ignored
b. Vehicular dust from motorized rifle battalion
in attack formation, illustrated in Fig. 4-24
3. Location (see Fig. 4-24);
a. Target at (+100, 325 m) coordinates
b. Sensor at (—500, 325 m) coordinates.

5-4.9.2 Determine Atmospheric Transmittance

Transmittance TAA) through vehicular dust is given
by Eq. 4-3:

TAA) - e'ﬂ.&A)C’..

Values for axA) for vehicular dust are given in Table
4-8. The CL, of vehicular dust in the path is determined
from Fig. 4-24. For the LOS selected in this example,
the CL is indicated on Fig. 4-24as 28 g m*. Transmit-
tance will be calculated over the entire sensor to target
LOS. From Table 4-8

ad0.7-1.1) = 0.30 mi'g
al3-5) =027 m’'g
ad8-12) = 0.25 mf
al10.6) = 0.25 m"

Therefore, for the 8-12 pm thermal sight

T48-12) = ¥ = g 50,

For the 3-5 um sensor
T48-5) = e 08 = g 47,

For the 10.6 um sonser

T410.6) = ¢'*P"N = g 59,

For the alternawe (0.7-1.2) TV sight
T40.7-1.1) = O30S = g 45,
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5-4.9.3 Summary: Vehicular Dust Example,
Laser Guidance

The extinction coefficient for vehicular dust is rela-
tively flat in the visible and thermal bands; it varies
from 0.3 m?/g in the visible band t0 0.25 m*/g in the
8-12 um band. For the amount of dust in this example,
the effect will be small to moderate degradation in
sensor performance.

5-4.10 PRECIPITATION EXAMPLE, LASER
GUIDANCE
PROBLEM: Effect of vain on missile system w.th
CO: laser guidance and TV or thermai imager target
acquisition, System is the same as that in pars. 5-4.8 and
5-4.9. This problem illustrates the elfect of rain on
transmittance for differemt spectral bands.

5-4.10.1 Conditions
1. System (same as par. 5-1.8.1 and 5-4.8.2):
a. Thermal imager, 8-12 pyu for warget location and
tracking
k. Missile plume wacker, 3-5 pm, {or initial mis-
sile vacking
¢. CO; laser, 10.6 gy, for missile guidance
d. TV, 0.7-1.1 um, as alternate for target location
and tracking
2. Aumosphere:
. Winter alwernoon, light rain with rain rawe
r=235mm h
b. Relanive humidity RH = 90%, wmperature
T=10°C
3. Task. Calculate atmospheric transmittance over
2 1A path,

5.4.10.2 Determine Atmoxspheric Transmittance
1. Transwmistance T(A) is given by Eqg. 3-1

T(A} = Ta(MTAMNTHA)TAA)

where in the absence of dust and smioke ToA) = Ti(A)
= 1.0. I{ it is raining o snowing, the acromsol extinction
term T (A) is replaced by the precipiuation transmit.
tance term To(A). Therelure, in this case

TA) = To{A)THA).

2. Determine the molecular transmittance term;
wune the conditions speeilicd in par. 54,101,
A, From Table 31, T{3-5) = 0.59,
b. From Table 3-2, T8-12) = 0.83.
<. Froma par. 3-2.1, Eq. 3-8, lon visible and near IR
MO
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Tm(A) — e'Vm()\)R
From par. 3-2.1.2, ym(0.7-1.1) = 0.03 km™". Therefore,

T(0.7-1.1) = e 0000 = g 97,

d. Values of ym(A) for the CO, laser line are given
in Table 3-8, as a function of absolute humidity p.
Absolute humidity pis calculated from relative humid-
ity and temperature using information in Appendix B,
Eq. B-1. Note that in this equation temperature 1s in
Kelvins (Celsius temperature + 273)and RH isdecimal.

1285 RH 1 1 ;3
= === exp| 5412{—— — —]|, g/'m
p= 1288 p[ ( L )] "

278
= 128504) 541;_,(1 _ 1 )]
283 278 283

= $.66 g/m".

From Table $-3, by interpolation, yw(10.6 pmj = 0.0497
km™" Then, using Eq. 8-3

Tw(10.6) = ¢ OO = g )

4. Determine the precipitation transimittance tenn
To(A). From Eq. 3-12, for visible, near IR, and thermal
“ysiems

To(A) = t‘y’mR
where (or widespread rain, from Eg. 314,

Ypeel vis, therinal) = 0,36 | kin™
= (.86 (2.5)**'
= 0.64 km™",

Therelore,
TMM - c-(o‘:‘ﬂxl,m
= (.53,

4. Determine atino-phietic lansmsitane by asng vitine
calculated for To{A) and T(A).
For the 3:5 gt sensor

T(3-5) = Tud3-5um)Tp{3-5um)
- (0.59)e"°‘6"‘"°’
= (.31,

For the 8-12 pm senms




T(8-12) = Tm(8-12um)Tp(8-12um)
= (0.83)e 06410
= (.44.
For the CO, laser

T(10.6) = Tm(10.6um)T,(10.6um)
- e-(0.097)(l.0)e-(0.64)(l.0)

= 0.48.

For the TV sensor

T(0.7-1.1) = Tm(0.7-1.1 um) T p(near IR)
= ¢(0-03)(1.0) -(0.64)(1.0)

= 0.51.
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5-4.10.3 Summary: Precipitation Example

This problem illustrates the calculation of transmit-
tance through precipitation for near IR and thermal
sensors. The tranismittance through rain of visual, near
IR, and thermal bands is calculated using the same
expression for Ty(A), from Eq. 3-13 10 Eq. 3-15. The
determinant of overall transmittance in rain is therefore
the molecular transmittance term T,(A), so, in cold
weather (low atmospheric water vapor content), ther-
mal and visual transmittance through rain will not be
significantly different. In warm weather (high atmo-
spheric water vapor content), visual transmittance will
be better. To calculate the effect of rain on sensor per-
formance, one must also determine the effect of rain on
target signature and, for day sights, I* sensors, and TV,
or ambient light level.
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GLOSSARY

A

Absolute humidity. The ratio of the mass of water
vapor present in air to the voluine occupied by the
mixture of water vapor and air.

Active system. Systein which uses an illuminator (lamp
source. laser, or mmw beam) to detect targets. The
signal detected by an active system is the illumina-
or energy reflected by the warget (and-or back-
ground).

Aerosol. Colloidal suspension of salid or liquid parti-
cles dispersed in a gas.

Aerasol extinction. The atmospheric anenuation of
radiation due © scattering and absorption by sus-
pended acrasol particles,

Air temperature. The wmpevature ol the an as mea-
stvedd by advy-bulb thevmamena,

Apparent contrast. The taget-to-background contrase
sen By an obwrver or other weisor sepatatesd hom
the tget sene By o contistdegrading incdium
sich s the armosphiae,

Atmospheric pressure, ground level. The foree
wnt e applicd o the grommd by the colimn o
M abiove 0

Aunospheric transmittance, Ratio ol nveivad pown
1 citied poner, defined ove a speiaficd paih
length itnough the atawnphicre. Atnosphiens tans.
mittane e depemts on e waselength of e radia:
von, the dengih of the amosphene path, amd 1w
e and conentiation of the atmunplicris oo
stitents,

Atmospheric window. .\ specttal band thaat is chaae -
tervrad by guerl atimosplhcric tansnittame.

Beam vider. A minile lor which the guidame syiem
consints of stamdati! telerence signals ranvnitesd in
a tadag beam that coable the misike 10 sense i
lacation elative w0 the beam, coneg its courwe,
amd thereby stay in the beam.

Burn rate. The rate of delivery of munition {ill mass
into the aunosphere,

C

Classification. The ability (0 distinguish a warget by
general type, e.g., as a tracked vehicle instead of a
wheeled vehicle,

Clutter. Objects in the background scene that inter-
fere with the ability of an observer 10 acquire and
disunguish wrgets.

Concentratiun path length product (CL). The quan-
uty of an obsewrant along a line of sight, obtained
by integrating the obsourant concentration along
the i length,

Contrast. Largen iadiance minus background radiance
divided by background radiance,

Contrast tranamitance. Phe ratio ol apparent con.
st to inherem contrast, The contrast reduction is
cauntl by light scanersd into e wensor ticld of
view by the atmd pahere between the sensor and the
et

D

Duy sight (direct view optics). Optical systems such as
binea udars on day peviscopes which only magnily
an nmage. Inoa day wght, the human ove iy the
detet .

Detection. (he abihity 1w distiagush that an arulacy
within the fickd of vicw 1 of walwany interest. For
thenmal ssstems, detctuon may e cither MDT
s tior or MRT dew tion.

Dew point. 1 tetmpetature 1o which air at a given
pressure and water vapor content (alsolute humid-
iy ) st be cooled for saturation 1 ocour,

E

Extinction. Ihe cmunal ol encigy by waucting ot
ab srption from radiation avening  axdium.

G-1
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F

Field of view. The portion (angle) of the object scene
that is included in the displayed imagery of an
imaging system.

Fog. A visible aggregate of minue water particles
suspended in the atmosphere at or near ground
level.

Fog oil smoke. Qil droplet acrosol dispensed by vapo-
rizing vehicle engine diesel fuel or specially sup-
plied fog oil.

G

Geometric optics region. Particle size is knge com-
pared to the wavelength ol the scatered sadiation.
Scattering elficiency s about 20 for geomeun
OpHes saenng.

H

Haze. Naturatly ocourring atmospheric acrosol, which
iy anchadde duse particles, saltspray, or indusinial
poblutants, “Haa™ is used 1o descnibe atmosphieres
with visibilities 1-2 ki or greates.

Hexachloroethane smoke. A prioncthne unoke gen-
ctated by the burning ol the hexachloroethoam:
(HC) compoatvion of aluminum, s oside, amd
hesachlororthane rsuliing i a hygrosopic am
vhintide acroml,

Hygroscopic smobe. Sinoke that hyduates by abuxb-
ing water hom the atmosphoe. The extindtion
coclficient of hygroscopic aerosol particles depemb
on relative husiduy,

Mentification. 1he ability © disriminate e cxat
wuxbed of 2 Liget. ek, o distnguish a 172 i a
140 wnk.

image intensifier. An imaging device uning an chy
tron tube that repradices on 4 Huoresent wartae
an intage of 3 radiation patiern looused on is pls-
twonnaitive warliace, Jauage intensificrs are used a0
night 1© produe an image that i brighter o the
cye than the original senc, They wapond 0 0.4-0.9

G-2

pm radiation (second gencration) or 0.6-0.9 pm
radiation (third generation.)

Index of refraction. The ratio of the speed of light in
a vacuum to the speed of light of specified wave-
length ina medium.

M

Mass extinction coefficient. A measure of the effec-
tiveness of an obscurant in atlenuating radiation.

Mie scattering. Scattering that occurs from particles
with radii greater than 110 the size of the radia-
tion wavelength, and lor which Mic scattering the-
ory must be used to < aleulate scattening efficiendy.

Minimum detectable temperature (MDT). The MDT

of & thermal deviee is the minhuam temperatue

difference between a squinte (or eincalin) tuger and

the background necessary lor an observey o s

ceive the tneer tuough the thenmal imager. i isa

funciion of tnget angular siee gnd represents the
threshold detection capability of the system,

Minimum resolvable contrast (MRC). \ paranwcter
vsedd i anoddebingg the perfonmanee of mage men.
stliers, diny aghis, and the eyes MRE s ihe appan
ent comunt seguired o aenlve o ger of o given
spatial frequenc s aned is provented as o g tion of
spatial freguency in unies of cvcles o o ockes
wral,

Minimum resolvable emperature difference (MR T,
The contral pavamewr i the wmodelng of infrangd
smaging handware perovmanee, MRT s dw
s emperatare difforece egand beiween g
stantland byt patern (R, 721 aspoct ratio) &1
which a nuined olnerver with ol vision can
distinguish the bar p o ernas a fourba panern. i
iv plotiedd as a gaph of minimenm ewperatsee dil
fevenee (K or °C) monmalisnd 16 300 K vevsus spatial
freqquene y tovebes menl) in objeo spsue

Modulation transder funcrion (MTH. he v wae
spratial freguenes anplitade, which is a measue of
the spattal Tioguenoy sespuonse o an maging s
ter. B s ey definesd s the modulus of the
complex. Fourier mansfonmn ol the potint et
frne teon of the deviee,

Molecular entinction. The atnpheric attenuations of
vadiation due 1o abvorption by of satiering liom
atmmphers inokevuke

-

“
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Monochromatic radiation. Spectrally narrow radiation
(containing energy in a very limited wavelength
region).

o

Optical depth. A measure of opacity to visible radia-
tion, Optical depth is the negative of the logarithm
of visual ransmittance.

P

farticle size distrihution. Number density or mass
density of (aerosol) particles as a function of parti-
cle vadius,

Pasquill category. \ mcasure of the rate of verucal
spread of an obscurant from the obscurant souree,
The aunosphere is characterizgd s unstable (Pas.
quill Category A o1 B), neawral (G ov D), or un.
stable (Foan F),

Passive system, Systain that does not use an illumina.
tor as a signal source. Passive systems deweet energy
emitied by the target and background, or reflected
ambient illumination.

Phosphorus smobe. Paiotedhnie sinohe formed
burning clemental phosphioras i an, which el
s hvgrencopie phosphoric acid arrosol.

Radian. Angle subtended by an arc of a tirele equal
i Jength 1o the radius of the circde. One tndian
osjuals (180 m)deg.

Radisnce. The wial radiant Hlus por unit whid angle
Py unis progecied arca which cinanates (nom a saelace.

Rayleigh scautering. Scaticring in which the particle
vee iy small compared © the wavelength of the
staticred madiation; Rayleigh sattering cofliciency
has a (1 A dependener.

Relative humidity. The 1atio of the actual water vapor
pressure of the air o the water vapuot peesasure that
would be obuained if the air were aturated with
watct vapuot.

DOD-HDBK-178(ER)

Resolvable cycles. The number of cycles which the
average observer, using an imaging system, can
discriminate 50% of the time under the set of condi-
tions being considered.

S

Scattaiing. The removal of energy from a beam of
radiation traversing a medium by reflection and
refraction.

Scattering efficiency. The ratio of the effective scatter-
ing cross section of a particle to its geometric cross
section.

Sky-to-ground ratio. The ratio of the radiance of the
horizon sky to the inherent radiance of the back-
ground. Sky-to-ground ratio will depend on view-
ing angle, sun or moon angle, and environmental
and atmospheric conditions.

Spatial frequency. The frequency (in cyeles  mrad or
cycles mm) of an cvenly spaced bar patern or
sinsoidal trget pattern. One oyele s equivalent
to two TV lines or one line pair.

T

Turbulence, mechanical. Laxal vaniations in wind
spevdd and direction canved by variations in amimao.
wherie wmperature.,

Turbulemne, optical. Time-varying docal Hhuctuations
e the aindex of refraction of the atmophere caiused
by localisst differenos o air temprratuse.

v

Visibility. The distance at which a human obawrvey
tan jus deect o agh contrast (O = ) taget.
Atmongthiers tranwmittanee s progertional  the
logatithm of the visibility.

Volume extinction coefficient. A mcasure of the ofleec:
tivencss of an oty utant. Volume extim ton ¢ocfh-
vient *AA) is delined an

yay = L AR, 0
] 1

G3
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where Y
R = path length, km
dL(A, r) = change in speeral radiance,
W (msn)
L(A, r) = spectral radiance, W (msr)
A = wavelength, pm.

Yield factor. Ratio of mass ol obscurant aerosol to
mass of obscurant (ill material. Yield factor is used
to account for the growth of hygroscopic acrosol
particles in the atmosphere by absorption of
aimospheric water vapor.

w

Wire-euided missile. Missile that receives guidance
sig.als through a wire connected from missile to
launcher.

GA
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APPENDIX A |
ATMOSPHERIC TRANSMITTANCE CALCULATION SUMMARY

The equations or table refevences required to determine transmittance are summarized in this appendix.
The locations of the vequired data in the text ave referenced by paragraph. Tables are also referenced if the

data arve tabulated.

A-O LIST OF SYMBOLS
a.b = rain extinction parameters,
dimensionless
C1. = concentration path length prod-
uct of obscurant, g/m*
ool = snow extinction parameters,
dimensionless
R = path length, kin
r =ryain rate, mnh
re =rain cquivalent snow rate, nunsh
T(A) = vansmittance, dimensionless
To(A) = atmospheric transmittance con-
sidering only acrosol extinction,
dimensionless
TAN) = wansmittance through HE dust or
vehicular dust, dimensionless
THN) = transmitance through lofted
snow, dimensionless
Tw{A) = atmospheric transmittance con-
sidering only molecular extine-
tion, dimensionless
Tp(X) = aunospheric transmittance con-
sidering only precipitation,
dimensionless
T(N) = vansmittance through smoke,
dimensionless
7= visibility, km
a{A) = obscurant mass extinction coeffi-
cient, mY/g
oA} = dust mass extinction coefficient
for any wavelength A, m*/g
a{A) =smoke mass extinction coeflicient
for any wavelength A, m*/g
Y«(A) = acrosol volume extinction coeffi-
cient for any wavelength A, km™
Ym(X) = molcculiar volume extinction coef-
ficient for any wavelength X, km™
Yp(A) = precipitation volume extinction
('ocfEicicul for any wavelength A,
k™

¥ps(vis, near IR) = precipitation volume extinction
cocfficient for visible and near IR,
km™
Yes(INMW) = precipitation volume extinction
coelficient for mmw, km™

A-1 TRANSMITTANCE CALCULATION
SUMMARY

The wransmittance T(A) is the product of the atmo-
spheric molecular transmittance term (), the atmo-
spheric acrosol extinction term To(A) or precipitation
term TH(A), and the dust ransimitance Ty X) or smoke
ransmittance T4(A). In the absence of precipitation

T(A) = Tim(N)ToN)Ts(AN)T LX), dimensionless.
(A-1)

Il it is raining or snowing,

T(N) = Tim(MNYTH(N)Ts(AN)TAN), dimensionless.
(A-2)

If there is no smoke,
Ts(A) = 1, dimensionless.
If there is no dust,

T«A) = 1, dimensionless.

A-1.I MOLECULAR TRANSMITTANCE
Tm(A)

For visible, near IR, laser, and mmw wavelengths,
s

Twm(A) = YN8 dimensionless
(A-3)

where
R = pathlength, km
¥=(A) = molecular volume extinction coefficient for
any wavelength A, km™,

A-]
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References for molecular volume extinction coeffi-
cient ym(A) are ‘
Visible (0.4-0.7um) par. 3-2.1.1
Near IR (0.7-1.1um) par. 3-2.1.2
Nd:YAG laser (1.06um) par. 3-2.1.2
CO: laser (10.591 um) par. 3-2.1.4, Table 3-8
mmw (35 GHz, 94 GHz) par. 3-2.1.4, Table 3-3.

For broadband thermal calculations, Tm{A) is tabulated.
References for thermal transmittance Twm(A) are

Mid IR (3-5um) par. 3-2.1.3, Table 3-1

Far IR (8-12um) par. 3-2.1.3, Table 3-2.

A-1.2 AEROSOL TRANSMITTANCE T4 (A)

The acrosol transmittance term To(A) through haze,
fog, or clouds is

To(A) = ¢ Y4ME dimensionless  (A-4)

where
Ya{A) = acrosol extinction coclficient for any

wavelength A, k™.

Relerences for acrosol volume extinction coeflicient
Y« A) are

Visible (0.4-0.7 um) par. 3-2.2.1
Near IR (0.7-1.1Tum) par. 3-2,2.2
Mid IR (8-5um) par. 3-2.2.3
Far IR (8-12um) par. 3-2.2.3

Nd:YAG laser (1.06pin)  par. 3-2.2.2
CO; laser (10.59um) par. 3-2.2.3
mmw (35 GHz 94 GHz) par. 3-2.2.4,

A-1.3 TRANSMITTANCE THROUGH
PRECIPITATION Tp(A)

The precipitation wansmittance term TH(A) is

To(A) = e MR dimensionless  (A-5)
where
Yp(A) = precipitation volume extinction coeffi- |

cient for any wavelength A, km™.

A-1.3.1

The precipitation volume extinction coefficient yp( )
for rain depends on the rain rate r and the dimensionless
constants a and b:

Rain

Yo(A) = ar’, km™ (A-6)

where
y = rain rate, mm-/h.

A‘2 -

Relerences for values of @ and b are

Visible (0.4-0.7 um) par. 3-2.3
Near IR (0.7-1.1 um) par. 3-2.3
Mid IR (3-5um) par. 3-2.3
Far IR (8-12um) par. 3.2.3

NA:YAG laser (1.06pm)  par. 3-2.3
CO: laser (10.59um) par, 3-2.3
mmw (35 GHz, 94 GHz) par. 3-2.3.

A-1.3.2 Snow*

A-1.3.2.1 Visible, Near IR, Thermal, and Laser
Wavelengths

In the visible, near IR and thermal bands, and for
lasers, the precipitation volume extinetion cocfficient
[or snow yp (vis, near IR) depends on visibility:

Ypo(Vis, near IR) = 391217 km AT

where
7 = visibility, km.

A-1.3.2.2 Millimeter Wavelengths

Th mmw precipitation volume extinction coelficient
for snow yp(mmw) depends on rain equivalent snow-
rate vy and dimensionless constants ¢ and o:

Yes{mmw) = erd  km™ (A-8)

where
re = rain cquivident snow rate, mm.h,

Reference for vatues ol ¢ and o 1s
mmw(35 GHz, 91GHz)  par. 3-2.1,

A-1.4 DUST TRANSMITTANCE TERM T (A)

The dust ransmittance term TAA) is
TAN) = e @NCL dimensionless (A-9)

where
adM) = dust mass extinction coefficient for any
wavelength A, m*/g
CI. = concentration path length product of
obscurant, g/m’,

Relerences for values ol afA) are
Naturally occuring dust

(all wavelengths) par, 3-2.5
Vehicular dust (all wavelengths) par. k-5
Helicopter-lofted dust (all wavelengths) par. 1-5.2
Munition-generated dust

(all wavelengths) par. 4-3.1,

*Helicopter-lofted snow is treated in pars, -1-5 and -1-5.2.



References for representative values ob CLoae

Naturally occarring dust par. 3-2.5
Vehicular dust pars. 15,1, 173
Helicopter-lofted dust par. £5.2
Munition-generated dust par. 7.1

A-15 SMOKETRANSMITTANCETERM 7¢A}

The smoke tansuvittnee wnm Ty(A s
TWA) = 2N dimensionless (A-10)
where

a(A) = smoke niss exting ion coeflicient lovany
witvelength A, m7 g,

DOD-HDBK-178(ER)

References for vilues of aA) are
Foy, otl smoke (all wavelengths)
HC smoke (all wavelengths)
Phosphorus smoke (all wavelengths)
Fire products (all wavelengths)

References [or values of G
Fog oil smoke
HC smoke
Phosphorus smoke
Fire products

1atl.
padl,
pat.
par.

§-2

12, 42,
12, 4
1-6.1.

par
par
pxar
par

472
472
472
.4-6.1.

A-3
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APPENDIX B
RELATIONSHIP OF RELATIVE HUMIDITY,
ABSOLUTE HUMIDITY, AND DEW POINT

The water vapor content of the atmosphere may be given as relative humadity RI1 at temperature T,
absolute humidity p, or dew point T The equations in Chapter 3 of this handbook require either absolute
humidity or relative humidity. The equations gieen in this appendix are empirical zelationships for
converting between absolute humidity and v lative liumidity or for determining etther absolute humidity

or relative humidity from dew point temperature.

B-O LIST OF SYMBOLS
RIT = relative humidity (deciimal), dimension-
less
T =1emperatare, K
T+ =dew point temperature, K

- 1
p =absolute humidity, g m

B-1 EQUATIONS

1. Absolute humidity p from ambient temperature
T and relative humidity RH is

273 T

, \
p= SBBRIL [r,m<.!_~-_'_) &

(B-1)

where
T = temperature, K
RH = relatve humidity (decimal), dimensionless.

2. Absolute humidity p from dew point tempera-
ture Tyis

_ 1285 . i 1 .
= — exp [p412[—————]|, g/'m",
T T [ (273 Ta )]

(B-2)

3. Relative humidity (decimaly RTF at temyperanne
T trom absolute humidity is

rit = 2L xp |sng( L~ L],
1285 978 T

dimensionless, (B-3)

1 Relative humidity RH (decimal) at temperature
T hrom dew pointiemperature Teandinnbientiemper-
ature T s

RIT = exp {5412 - -i- , dimensionless,
T ‘'l

(B-4)

B-1




absu.ate iumidity, B-1
absorption, 2-5
acrosol, 3-3
molecular, 3-3
water vapor, 3-3
active EQ systems
discussion of, 2-3
performarce measures, 5-2, 5-8
signatures, 2-5
ambient illumination
hght leved, 3-9
atnospheric extindion
defintuion of, 2-5
primary mechanisins, 2.5
atmospheric stability, 2-18
atmosphenic transmitiinge
definition of, 2-8
sumnuary, A-|
atmospheric “windows”, 2.2

batuelicld obsoarant wsage fevels
artillery example, 12
simoke example, 1-ibH
vehicular dust example, 1220
Beer's law
cquation, 2-8
blowing dust, 3.7
discussion, 2-1!
eguations, ¥-7
buin rate, 2-18

carbon

as attenstor of clechmnagnetic prbaton, 217,

1
curbun dioxide

as an absocher b infuanel regions, 2212

abscarpiion in thermal bads, 410
ux product of vehioular fise, 1)
ax i affecrs laser performanee, 431
Central Awserican Laterioy
dhwrignion, 318
obscuration data, 3-17, 320
weuther daca, 3-12
classificution
definition o, 5-6
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INDEX

cloud cover
data, 3-9
and thermal signatures, 2-5
and I systems, 2-4
clouds
definition of, 2-12
chitter
as defeat mechanism, 3-18
definiton of, 2-11
coherent systems
mention of, 2-11
performance measunes, 3-8, 3-4
contrast tansmittance
oy deteat mechanism, 5-13
definition, 2-10

deteat mechimisiny
discussion of, 5-12
tables, 5-18
detection
detinition of, 5-6
tdew point
delimition of, 218
diesel e
dine ussion of, 1.6
exticnion coctficicms, -3
thust

as raised by helicopter downwash, 2417, 449

v rabed by velacles, 217,19
dinv ansion of, 214, 2-16
obscuntion cifeer, 429
physival properties of, 4-7

E

Futapean Highlands
aicussion of, 3-10
obwmation daia, 313, 317
v tinge, 3-8
weather data, $:3 1

Rl tiom
thefiaition of, 2.5

fabw abim e
ACHVC syaley, 5.4
Paaave systems, 5.7

s oA

oy
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tes

eflects on sensors, 2-17
extinction coefficients, 4-11
mass lnading, 4-11
products of, 4-11
turbulence from, 4-11

fog
delinition of, 2-13

fog oil
discussion of, 4-6
extinction coellicients, 4-3

H

haze
definition of, 2-12
HE -generated dust
artillery example, 4-13
turbulence wn, 2-2¢
HE-munitions explosions
cloud erperawar, -8
dust and debris from, 4.6
gas cinissions, 4-7
mass extunction coclficiems, -7
phases of, 46
helicopter downwish
effect of ransmittance and LOS, 44
hexadhlorethane
discussion o, -5
extincnon tocflicients, 4-5
vield facton, 4-5
“hot spots”
problems with, 2-11

high-explosive, munition-produced dust cloud

pluases of, 2-16
temperane, -8
trmsmittanee, -7
hygros opic serosol partcies
s measured by vield Gactor, 2-18

iHumination, natural, 3-9
illustrative problems
CO; beam-rider, 5-32
day sight, 5-14
NU:YAG LRF, 525
Faser desigranen, %-30
mmw sysiem, 531
precipitation, 5-34
thetsaal invager, 5-23, 528
turbuleme, 527
vehicular duse, 5-33
wiie.guithed misiide, 508

1.2

INDEX cont’d

index of refracton, 2-17
insolation, 3-9

Johnson criteria
mention of, 5-4
table, 5-7
use in relating resolution o field performance, 5-6

L

light level
as defeat mechanisin, 5-13
discussien, 3-9

M

mass extinction cocfficient
definiton, 2-17
mention of, 2-8
meteorological measurables, 2-18
Mideast desert
description of, 3-11
obscuration dat, 3-17, 3-214
vansminanee, 3-26
weather data, 3-13
Mie sccring officieney
telinition of, 2.4
mention of, 2-10
b hameter wave syatems
s ussion of, .5
minimum derctabde cemppiare (MD 1 diicience
delinition ol, 74
minann wesolvable contva (MR
defintion of, b3
minimum sosolvable tempreesinne (IR ) ditlerenee
detinition of, 53
monecuonuae puliition
definitiom ol 2.8
wiention of, 2.8
monedispe: sl aei oot
i connection with Mic satikaing, 2-7
mubiinpaee i sensons, 53
mneede fish, 48

N
noise euivalent power (NEP)
elfect on sigral-ionoise titio, 548
13

aplical depuh, 12
opticad tnbultnee
defimtion of, 210
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particle size distribution, 2-17
Pasquill category
definition of, 2-18
passive EO systems
discussion of, 2-5
performance, 5-2, 5-7
phosphorus smokes
cloud temperatare, 4-5
discussion: of, 4-4
extinction coelficient, -4
yield Lactor, 1-1

radiation fog
definition of, 2-13
AL

as scatterer in visthle, thermal, and

numw wave regions, 2-13
Raylcigh scatering wegime
definuion of, 2-6
energy distribution, 2.7

saltation
mention of, 4
scan-to seen conclation
mention of, HY
Scandinavia (Eastern)
deseviption of, 313
obseunation daa, 3-28, 3-30
weather data, $- 14
scattening, 25
by Dlowing dust, 3.7
by haee, Tog, tlowds, 3.3
by vain, 3-6
by snow, 57
sigial-to-nnise o
active sysems, 59
mention of, 249
pissive systes, 5-8
sky -0 groumd tatio
definivon of, 2. 10
vilues, 2-10
SUIORY
as employed on battleficld, 214
hunidbook example, 415
transport and diffusion, ¥-15
AW

an significam scatierer for visible, IR, and

mmw vadiation, 2: 41
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INDEX cont’d

spectral region
definition of, 2-2

standard meteorological measurables
delinttions, 2-18

system performance measurss, 5-2

T

target angular subtense, 5-4
target signature

cffects of naturally occurring obscurants

on, 2-3, 24, 2.5,

tables, 5-5, 5-6
thermal systems

discussion of, 2-4

perfonnance measu. s, 5-2, b
tansumittanet

acrosol, 5-3

as defeat mecherian, 5-13

atmospheric, 3-2

definition, 2-2

molecular, 3-3

thiough Hre produces, 411

through E-generatea dusy, 46

through rain, 3-4

through smoke, 42

through snow. 3.7

through vehicula obscurants, -4

though windbloww stast, 3-7
whulenee

as it atfecrs Sseas, 5.7, B4

as deleat mechanian, 513

bivesinduced, 4-11

mechanical, 3-89

opticad, 210

veehiche exhaasg, 8- 10
vehiculay dust
discinsion of, 49
wis eatneton cocfficiens, 9
vixibde sypstems
dizscussion of, 2-1
vohume extivetion coeliicient
delinition, 2.8

vicld factor, 2-18
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INSTRUCTIONS: In s continuing e 1t to make our standardization documents better, the DoD provides this form for use in
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