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rmance of

W
(November 1978) assessed the effects.of ob rant
tillery barrages in a European ‘environment on sel
in the visnal. infrared, and millimeter portions

The Grafenwoehr 11 Realistic Battlefield Sensor Summer Trials

(July 1979) assembled a data base for supporting Wb modeling
and provided data to demonstrate the difference in the severity -
of environmental effects resulting from artillery barragés ina -
summer (as opposed to a winter) climate. The test-was a follow-
on to the winter test conducted at Grafenwbehr. .. -~~~ = ... °
The Dusty Infrared Test-1 (October 1978) examined the technology . i
and instrumentation approaches required to analyze and model WBIC . P
environments. : o T T

head system and to evaluate U.S. inventory, avatlable fmigﬂ. 3
The Dusty Infrared Test-T1 (July 1979) compared craters created = -
by detonation of artillery munitions and high explosives for - .
characterized soil conditions. Techniques for measuring agosol, .-

meteorology parameters and the use of a helicopter as &n- fastey-

mentation platform were demonstrated. .
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II. IDENTIFICATION OF RPV MISSION TASKS

The approach used in this study to identify the results of existi%g
research that can be used to estimate RPV payload performance was base&zon
the incremental analysis plan developed by spc.l The specific approach%
selected for this increment of research is a two-phase methodology. Thé
first phase divides the five different RPV missions defined for this anal-
ysis into two separate mission elements--(1) fly to the target area and (2)
loiter in the target area--and then characterizes each mission according to
one or more of the following mission tasks: (1) detect and identify the
target, (2) range to the target to determine its exact location, (3) iden-
tify and locate impacts of artillery shells fired from weapons being di-
rected by the RPV, (4) designate targets for strike by laser-guided weapons
or for acquisition by laser spot trackers such as the Air Force's Pave
Penny systems, (5) provide reconnaissance information, and (6) assess tar-
get damage. The second phase of this methodology is a review of existing
WBIC modeling techniques and supporting test results to determine their
applicability for assessing the effects of WBIC environments on the perfor-
mance of the RPV payload.

This approach was selected because the RPV system operator must accom-
plish the various mission tasks in a timely manner. The required time-
liness of task completion may be different for each type of mission. For
example, when the RPV system is operating as either a laser designator or
an artillery spotter, the needed timeliness of task completion will be

lan Approach to Analysis of RPV Sensor Performance in Rattlefield
Environments, System Planning Corporation, Report 439, April 1979,
Confidential.
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affected by the timing requirements of supporting weapon systems. However

if the primary purpose of the mission is reconnaissance or assessment of
damage resulting from a previous engagement, an occassional interruption it
the 1line of sight (LOS) due to smoke, for example, may have a negligible
effect on mission success. In fact, due to the maneuverability of the RPV,
it should often be possible to select a completely unobstructed view of the
target or target area. However, during the target designation mission, thi
relative orientation between the RPV, target, and weapon delivery system
will be restricted. Therefore, the effect of WBIC on the RPV's ability to
perform its mission depends on the type of mission considered.

To demonstrate this approach for assessing the effect of a WBIC envi-
ronment on the performance of the RPV mission payload, the following sec-
tions examine the tasks that have been identified for each of the five mis-
sions selected for this analysis:

] Target acquisition - Detecting, recognizing, and identifying en-
emy elements and providing their location for immediate response
by fire support.

° Target designation - Using laser designators to illuminate hard
point targets for engagement with laser-quided weapons such as
Copperhead and Hellfire. (In addition, the RPV can designate
target areas for acquisition by Taser spot trackers such as the
Air Force's Pave Penny system.)

0 Artillery adjustment - Functioning as "forward observers" and
directing or adjusting field artillery fire.

) Reconnaissance - Obtaining, by visual observation and the laser
ranging system, information about the activity and resources of
the enemy; or securing data concerning meteorological, hydro-
graphic, or geographical characteristics of a particular area.

. Damage assessment - Determining the effects of an attack on a
target.

L e U —




A.  TARGET ACQUISITION

During this mission, the RPV is used to locate and identify targets
with sufficient accuracy for immediate response by a fire support element.
In general, because the RPV will be cued, it will be able to fly to the
approximate location of the target. Thus, the tasks associated with this
mission are (1) detect and identify the target and (2) range to the target
to determine its exact location.

B. TARGET DESIGNATION

The first two tasks of this mission are similar to those of the target
acquisition mission (detection/identification and ranging). The third
task, target designation, requires that the target be illuminated for a
period of a few seconds during which precise coordination with the weapons
delivery system is essential. Thus, the successful completion of this mis-
sion may be critically dependent on transient obscuration events created by
the battlefield environment. In addition, this mission requires that the
autotracker be capable of holding the designator aimpoint on the target
with the precision required for successful weapon delivery.

C.  ARTILLERY ADJUSTMENT

Artillery adjustment requires close coordination between the RPV oper-
ator and the fire direction center in charge of the artillery. The RPV op-
erator must be able to observe and identify the impacts of shells delivered
by the weapons that he is coordinating. Hence, the task that is uniquely
associated with the artillery adjustment mission is to identifv round im-
pacts and locate them relative to the target. In addition, 1ike the target
acquisition and designation missions, artillery adjustment can also require
application of the target detection/identification and ranging tasks.
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D.  RECONNAISSANCE

The purpose of the reconnaissance mission is to gather intelligence on
the activities and resources of the enemy or to collect data concerning the
meteorological, hydrographic, or geographic characteristics of a particular
area. It requires that the RPV sensor be able to provide useful imagery of
a wide variety of natural and manmade objects. The critical mission tasks
that provide reconnaissance information are difficult to define with tech~
nical precision; however, it is likely that they would be characterized by
visual discrimination tasks (e.g., target detection and identification).

E. DAMAGE ASSESSMENT

The tasks required for the damage assessment mission can also be char-
acterized by visual discrimination tasks. For example, the actual deter-
mination that a tank is inoperable will require a wide range of visual cues
(e.g., the presence of flames or smoke clouds). For purposes of this
study, it will be assumed that the damage assessment mission employs essen-
tially the same detection/identification task as that employed in the tar-
get acquisition mission,

10
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ITI. SELECTED WBIC MODELS AND MODELING TECHNIQUES SUITABLE FOR
ASSESSING THE RPV MISSION PAYLOAD PERFORMANCE

The methodology described in Chapter Il was used as a basis to evalu-
ate WBIC models and simulations for assessing the performance of the RPV
mission payload during different portions of selected missions. Brief des-
criptions of selected modeling techniques that are suitable for use with
this methodology are provided in this chapter.

A, SPC HISTORICAL DATA BASE FNR EUROPEAN WEATHER

SPC has developed a historical data base [Ref. 1] to provide estimates
for key weather parameters for selected sites in Europe. The data, assem-
bled from the U.S. Air Force Environmental Technical Applications Center
and other sources, have been edited to ensure that suitable estimates can

be derived for the following parameters:

Cloud cover
Ceiling
Visibility
Insolation

Air temperature
Windspeed
Dewpoint
Humidity

This data base can be used as input for the recommended modeling tech-
niques to determine performance of the RPV payload based on analyses for
day/night time periods averaged over monthly, seasonal, or yearly inter-
vals.

. e




B. OPAQUE HISTORICAL DATA BASE

Historical data are being developed under the auspices of the Measure-
ment Program on Optical Atmospheric Quantities in Europe (NPAQUE) at seven
different locations. The only data currently available were acquired at
the German Army Proving Ground near Meppen, FRG, and have not been fully
validated [Ref. 2]. After more data are processed and released, analyses
can be used to provide estimates of frequencies of occurrence of the fol-
lowing values:

° Ratios of sky-to-ground radiance

Atmospheric transmittance in the visual and infrared (IR) spec-
tral regions

. Insolation

) Atmospheric stability conditions that affect dust and smoke cloud
formations

° Atmospheric turbulence that affects the performance of laser des-
ignators.

C. LOWTRAN COMPUTER CODE

The LOWTRAN code modified by Atmospheric Sciences Laboratory (ASL)
[Ref. 3] provides a means for calculating the atmospheric transmittance and
radiance through atmospheres containing absorbing and scattering molecules
throughout the spectral range from 0.25 to 28.5 um at intervals of 5 em-1
with a resoluticn for the major absorbers of 20 em-1,

D.  DANTRAN COMPUTER CODE

DANTRAN is a computer code designed by SPC [Ref. 4] to provide engi-
neering accuracy approximations to the Air Force Géophysics Laboratory's
LOWTRAN IV Atmospheric Transmittance Computer Code for selected spectral
regions [Ref. 5]. During comprehensive performance analyses of electro-
optical (E-0) sensors operating in the IR portion of the spectrum, trans-
mission calculations are often required for a sample of weather parameters
large enough to establish confidence in the derived statistical

12
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distributions., DANTRAN was designed to emulate the atmospheric transmis-
sion outputs of LOWTRAN IV and to reduce the costs and computer require-
ments of this method of estimating the dependence of sensor performance for
different spectral regions, path lengths, and weather conditions.

E.  NATURAL AEROSOL EXTINCTION MODULE

The aerosol model developed by ASL is based on the experimental data
acquired by NV&EOL during tests at Grafenwoehr and Baumholder, Germany; and
at Fort A. P. Hill, Virginia [Ref. 6]. The algorithms that constitute the
model were developed in the form of scaling relationships. The present ASL
model includes equations that account for variations in aerosol densities
at different altitudes of ground level. The input data requirements are:

° Visibility range

. Type of aerosol (i.e., wet or dry fog, or haze).
. Vertical variations in aerosol densities.

F. LASER LINE ABSORPTION ROUTINE

The LZTRAN computer code provides the means for calculating the atmos-
pheric molecular absorption coefficients for 53 different wavelengths, in-
cluding 1.06 um [Ref. 3]. The LZTRAN code has been validated by comparison
with field data obtained by the Naval Research Laboratory. Because this
model does not include effects caused by aerosols, results obtained with
LZTRAN must be augmented with other approaches when assessing the perform-
ance of laser designators in WBIC environments. The theoretical approach
recommended by ASL for estimating the effects of aerosols on laser back-
scatter is based on Monte Carlo analysis (BASCAT) and may have applicabil-
ity to analyses of RPV performance [Ref. 3].

The input data requirements for the LZTRAN computer code are:

° Air temperature
(] Dewpoint temperature,
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The input data requirements for BASCAT are:

° An optical depth parameter of the cloud that quantified the dis-
tance a photon can travel without scattering

° The dimensions of the cloud.

G.  TURBULENCE-INDUCED POINTING JITTER

The TURB computer routine [Ref. 3] was developed by the U.S. Army Mis-
sile Command, Redstone Arsenal, and incorporated into the Electro-Optical
Systems Atmospheric Effects Library (E0-SAEL) Smoke Obscuration Model.

TURB provides estimates of laser spot size at the target, propagation
conditions, power spectrum of the fluctuations, and beam wander around the
LOS of the laser designator at either the target or seeker. The input data
required for analysis are:

The Taser wavelength
The laser transmitting aperture diameter
The range from the transmitter to the target

The distribution of the optical strength of turbulence along the
path

] The effective wind velocity perpendicular to the path.

H.  RADIATIVE ENVIRONMENT AND CONTRAST MODULE

The performance of an operator using an E-O sensor operating in the
visual and near-IR (i.e., 0.4 to 1.1 im) portions of the spectrum in WRIC
environments can be characterized by his ability to distinguish between
system response to signals received from targets and backgrounds. The
quantity often used in systems analyses to represent the target against the
background (i.e., target contrast or signature) is the ratio of the differ-
ence between target radiance and background radiance to the background ra-
diance. In general, the perceived contrast at the seeker is degraded by
atmospheric effects that cause attenuation and scattering of energy from
both the desired signal and other extraterrestrial sources (i.e., the sun
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and moon) and terrestrial sources (e.g., automobile headlights, burning
vehicles).

Because there are many factors that critically affect model predic-
tions (e.g., densities, size distribution, and indices of aerosol refrac-
tion; target, background, and meteorological conditions), the approach se-
lected by ASL was to use an engineering model (SPOT) that addresses princi-
pal components of the radiative environment and is included in the radia-
tive environment contrast module of EO-SAEL [Ref. 3]. The input data re-
quirements are:

] Direct and reflected spectral irradiance at the receiver due to

extraterrestrial sources

0 Path radiance due to scattering of energy and atmospheric emis-
sions

® Reflectance of target and background.

1.  MILLIMETER-WAVE MODEL

The major sources of obscuration due to naturally occurring weather
conditions at millimeter-wave frequencies are water vapor, oxygen absorp-
tion, and attenuation due to rain and fog. These phenomena have been
modeled for 35, 94, 140, and 220 GHz and incorporated into E0-SAEL [Ref.
3]. Attenuation effects caused by snow and dust are not included due to
the absence of sufficient data to develop a credible model. The input data
requirements include the following:

Humidity
Temperature
Atmospheric pressure
Rainfall rate

Visibility
Liquid water content of atmosphere.

15




J.  TAVETS MODEL

The Thermodynamic Armored Vehicle and Environmental Thermal Signatures
(TAVETS) model developed during the analysis and evaluation of the Joint
Operational Test of Imaging Infrared (1IR) Maverick [Refs. 7, 8, and 9]
provides estimates of radiant temperatures and thermal signatures of
| ground-based tactical targets. The TAVETS model estimates day-to-day diur-
nal variations in the radiant temperatures of targets and background com-
ponents. Model inputs that are required include the following:

) Values for parameters of the TAVETS model (e.g., thermal masses,
time constants) for targets and background components

Daily values of insolation
° Daily values of minimum air temperature.

- Because of the limited scope of existing data bases on foreign armored ve-
‘ hicles, the TAVETS model is calibrated only for the M60AL tank for viewing
' aspects that correspond to small depression angles below the horizon (i.e.,
’ 0 to 10 degrees) and for weather conditions for which Visual Flight Rules
i (VFR) apply.

K. DUST OBSCURATION MODULE

' § The dust obscuration module developed by ASL (DIRTRAN) provides a
methodology for modeling the growth, movement, and diffusion of dust clouds
, resulting from the explosion of artillery shells and other high-explosive
charges [Ref. 3]. DIRTRAN calculates the volume of explosion-generated
craters in different soils and accounts for moisture content and vegetative
cover by use of empirical correlations. Required model inputs include the

: following:
]
' ) Windspeed
: . Wind direction
Y ° Pasquill stability category
° So0il1 type and ground cover
) 0 Explosive type and charge
' ) Air density.

T e AT - — ——— 3 -
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ﬁ L. SMOKE OBSCURATION ROUTINE

The smoke obscuration computer routine developed by ASL can be used to
it estimate the effects of smoke clouds created by single or multiple sources
1 ) that use white phosphorous (WP), plasticized white phosphorous (PWP), hexa-
| chloroethane (HC), and fog oil [Ref. 3]. This model is based on a computer
code developed by NV&EOL. Estimates of cloud characteristics can be made i
for time increments during the course of cloud evolution. Required model
inputs include the following:

) Windspeed
. Wind direction 1
) Humidity
() Pasquill stability category
° Air temperature and gradient
° Smoke type
! ° Burn time
k q ° Charge weight for smoke sources or fuel burn rate for fog ail.
!
j M.  BATTLEFIELD ENVIRONMENT LASER DESIGNATED WEAPON SYSTEM SIMULATION
l The BELDWSS computer model is a major expansion of the Laser Desig-

L nated Weapon System Simulation (LDWSS) developed by the Guidance and Con-

i trol Directorate of the U.S. Army Missile Command (MICOM) Technology Lab- ﬂ
oratories, Redstone Arsenal, AL [Ref. 10]. BELDWSS is basically a one-on-
one engagement model that simulates the dynamics of the interface between 1
a laser designator and a semiactive laser-guided weapon system. Required
model inputs include the following:

° Statistical characterization of pulse-by-pulse laser spot posi-
| tions
Three-dimensional target reflectivity model

‘ Empirically verified model of tracking characteristics of laser
! spot seeker :

] ) Six~degree-of-freedom digital simulation of the terminal-homing
' guidance law and airframe dynamics.

The present three-dimensional target reflectivity model has not been
validated for viewing aspects that are anticipated during RPV missions (i.e.,
depression angles below the horizon of more than 10 degrees) [Ref. 11].

17
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IV. REVIEW OF SELECTED WBIC TESTS

A review of the literature reveals that numerous field tests have been
conducted that relate to the performance of systems employing E-O sensors
and that examine atmospheric transmittance in the visual, infrared, or
near-millimeter spectral regions. These tests had a wide range of goals
and objectives, and many of them are not well suited to provide data that
are useful in RPV analysis. However, there have been a number of tests,
particularly some of the recent major Army tests involving extensive in-
strumentation and large numbers of Army E-0 systems, that provide data that
can be used to support RPV performance analysis in WBIC environments.

This chapter identifies those tests and data that have been selected
for application in analyses of RPV performance. These tests are listed in
chronological order. As an aid to analysis of RPV performance, brief sum-
maries of the objectives, design features, and salient results are included

for each test.

A.  MANPORTABLE COMMON THERMAL NIGHT SIGHT SMOKE TEST (JULY 1977)

Although an earlier smoke test with E-O sensors was conducted during
the summer of 1976 [Ref. 12], the Manportable Common Thermal Night Sight
Smoke Test [Ref. 13] was the first that incorporated a comprehensive in-
strumentation approach for measuring atmospheric transmittance and aerosol
densities in the presence of operational and developmental E-0 systems.

The effect of smoke upon system performance was quantified by the amount of
time that the operator assessed that the system was inoperable.

19
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1. Test Objectives

2. Test Design Features

Determine the performance of selected thermal night sights
in a measured smoke environment.

Evaluate the compatibility of selected tactical and develop-
mental tracking of guidance links with thermal night sights
in a smoke environment.

d.

Instrumentation
. 0.6328-um and 10.6-um lasers to measure atmospheric

transmission ;
. 1.06-un Light Direction Finding and Ranging (LIDAR) system

to characterize smoke clouds 4
] 32-meter tower to record conventional meteorological data

(wind speed and direction were recorded 2, 6, and 10 meters

above ground level (AGL))
° Photopic and infrared sensors to record smoke cloud develop-

ment and movement,

Equipment Tested

Tube-launched, optically tracked, wire-guided (TOW) missile
day sight and thermal sight

Dragon missile day sight and thermal night sight

Beam-rider experimental systems using a gallium arsenic
(GaAs) guidance sensor

Beam-rider experimental system using a CO, guidance sensor
Flare tracking 1ink for Robust Jab
Ground Taser locator designator (GLLD).

Smoke Types and Sources From U.S. Inventory

M5 Pot, hexachloroethane (HC)

4.2-in. mortar shell, white phosphorous (WP)
4,2-in. mortar shell, plasticized white phosphorous (PWP)
2.75-in. rocket, white phosphorous wick (NPW?




3. Test Results

- . The highest smoke cloud aerosol concentrations, measured in
terms of concentra;}on density times path length (CL), were
greater than 10 g/m° and were maintained for a period of 200
} seconds or longer.

The GaAs tactical beam rider outperformed the TOW trackers.

The performance of all sensors was substantially degraded
during these tests.

This test had four important limitations:
) System performance was determined only for horizontal paths
close to the ground.

° The performance of the FLIR was not evaluated separately
from the weapon system.

: ) The time redquired for the FLIR operator to accomplish visual
discrimination tasks was not measured.

° Only U.S. smokes were tested.

As a result, the above test results should be qualified accordingly when
they are extrapolated to other systems and environments.

B. SMOKE WEEK I TEST (NOVEMBER 1977)

The Smoke Week I Test was the first of a scheduled series of tests
coordinated and planned by the Office of the Project Manager Smoke/Obscur-
ants for the benefit of other Army organizations, other branches of the
. Armed Forces, and national defense contractors [Ref. 14].

Because previous tests, such as that described in Section A, indicated
i that (1) the performance of E-0 systems could be degraded substantially due
to the effects of WBIC environments and (2) the effects of WBIC varied

; greatly for different systems, the objectives for this test were tailored

' to the particular nature of the systems under evaluation. In addition, the
' tests did not incorporate design features to obtain test data related to

' the effect of obscurants when ground-based targets are viewed from airborne
platforms.

21




1. Test Objectives

. Obtain data on development of smoke clouds created by inven-
tory and foreign smoke weapons.

) Obtain data on optical characteristics of smoke clouds
created by inventory and foreign smoke weapons.

. Nbtain data required by the Joint Technical Coordinating
Group for Munitions Effectiveness (JTCG/ME) smoke obscura-
k tion model for evaluation of existing inventory munitions.

) Obtain data on the effects of screening smokes on the opti-
cal properties of existing and developmental E-0 systems.

———— e - -

2. Test Design Features

a. Instrumentation

Standard meteorological station

. Equipment for measuring wind characteristics at 4 and 8
meters AGL

) Equipment for measuring air temperature at 0.5 to 8 meters
AGL

° Atmospheric transmissometers for measuring through the smoke
clouds along selected horizontal paths

0 Instruments for checking Pasquill stability category

° Dual-channel nephelometer for measuring atmospheric .
scattering. 1t

I
b. Equipment Tested i,

Hughes Aircraft Company's multielement tracker N
Production TOW launcher and night sight (AN/TAS-4) l¢A
TOW night sight (AN/TAS-4)
TOW mission beacon {
Texas Instrument video tracker
Video thermal tracker (
Beam-rider experimental system using a CO, laser |
Beam-rider experimental system using a GaAs laser ‘T
GLLD -
Three experimental radar sets operating at 35, 95, and 140 []

GHz
) U.S. Army Tank Thermal Sight (TTS).

22
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c. Smoke Sources, Munition Caliber, and Smoke Type

M84A1, 105 mm, HC

L8Al, not applicable, red phosphorous (RP)
M328A1, 4.2 in, PWP

Foreign, 82 mm, WP

Foreign, 120 mm, WP

Foreign, 122 mm, WP

Foreign, 130 mm, WP

M110€E2, 155 mm, WP.

3. Test Results

The smoke and dust clouds caused some degradation to spe-
cific systems in all runs if they were in the appropriate
line of sight (LOS).

Sufficient data were obtained to make correlations between
measured values of CL and extinction coefficients for the
smoke clouds analyzed.

Threshold values of CL that would degrade system performanc
were estimated from measured data.

The data obtained during this test provide correlations between CL
values and system performance. However, certain qualifications must be
considered if these results are used to assess the operational performance
of the RPV mission payload in WBIC environments, due to the following 1imij

tations:

Obscuration data were acquired along selected paths close t
the ground.

The major measure of effectiveness (MOE) for system perform
ance was restricted to estimating the amount of time the
system was totally inoperable as opposed to the more strin-
gent criteria of whether the operator could successfully
complete a mission.

A1l munitions were fired statically.
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c. GRAF§NNOEHR [T REALISTIC BATTLEFIELD SENSOR TRIALS - WINTER (NOVEMBER
1978

The Grafenwoehr I1 Realistic Battlefield Sensor Trails - Winter (Graf
IT Winter) [Ref. 15] was the second in a series of field experiments con-
ducted to obtain data that can be used to estimate the performance of E-0
sensor systems in a European environment.l The effects of the smoke and
dust clouds on sensor performance were quantified by having the system
operator record the amount of elapsed time that a target was obscured dur-
ing a barrage.

1. Test Objectives

] Assess the effects of obscurants caused by an artillery bar-
rage upon E-0 sensors.

° Measure atmospheric transmittance in the visual, infrared,
and near-millimeter spectral regions through dust resulting
from the impact of high-explosive munitions.

) Measure spatial extent and transport of dust clouds result-
ing from high explosives.

Validate artillery dust models.

° Increase scope of the European data base of target signa-
tures and atmospheric characteristics.

2. Test Design Features

a. Instrumentation

. Silicon-vidicon camera to record the environment

LIDAR systems operating at both 1.06- and 10.6-um
wavelengths

Radar transmissometer operating at 95 GHz

E-O transmissometers cperating in the 0.8- to 1.1-um, 3.4-
to4.l-um, and 8.1- to 12.0-um spectral regions

leartier testing, called Graf I Electro-Optics Tests [Ref. 16], was de-
signed to estimate the effects of naturally occurring weather factors in a
European environment.
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Multispectral sensor station that included the following
systems:

-- Silicon television

== 3= to 5-ym thermal imager

-- 8- to 12-um thermal imager

-- Millimeter imager operating at 32 GHz
-- Battlefield surveillance radar

-- Day Tv

-- Laser rangefinder operating at 1.06 wum

-- Stereo photo cameras to measure dust cloud sizing and
transport characteristics

-- Signature measurement station that included a set of
contrast panels and a sky terrain scanner.

b. Types of Artillery Missions Simulated

Five types of artillery barrages were executed that simulated the

following types of missions:

Single-round mission
Preparatory fire on hard points
Counterbattery fire
Neutralization mission
Annihilation mission,

3. Test Results

For night operations, FLIR performance is significantly
superior to that of active TV,

For day operations, under fair to poor atmospheric condi-
tions, FLIR performance is superior to that of TV and visual
systems.,

The acquired data base has:

-- Va;idated the absorption portion of the LOWTRAN IV
model,

-~ Demonstrated that further model development for estima-
ting the effects of aerosols on atmospheric transmit-
tance in the infrared spectral region is required for
the LOWTRAN IV model.
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-- Demonstrated that sensors operating in the 8- to 12-um \
spectral region provide superior performance to those >
operating in the 3- to 5~-um spectral region in thick
fogs. L

L
This test provided good empirical data that can be used to scale the :
effects of artillery barrages. The following limitations should be con- {

sidered, however, when extrapolating these test results to other locations
and environments that would be suitable for analyzing the effects of a WBIC
environment on RPV performance:

° Only one type of soil and soil cover was tested (i.e., moist
soil with a cover of heavy vegetation)

° Accurate estimates for CL for the dust and debris are not
available.

) A1l measurements were made along paths close to ground
level.

D. GRAF?NNOEHR IT REALISTIC BATTLEFIELD SENSOR TRIALS - SUMMER (JULY
1979

Grafenwoehr I1 Realistic Battlefield Sensor Trials - Surmer (Graf II
Summer) (Ref. 17] was a follow-on activity to the Graf I! Winter trials.
Both tests were a joint effort between U.S. and FRG armed forces. The ef-
fect of the simulated WBIC environments was quantified by the time inter-
vals for which the selected targets were obscured as perceived by the sys-
tem operator.

1. Test Objectives

] Measure obscurant and clutter effects due to artillery high-
explosive and smoke round barrages on imaging target acqui-
sition and laser sensors from ground-to-ground and air-to- 7
ground platforms.

) Measure the optical, infrared, and near-millimeter propaga-
tion through the resulting obscuration, colinear with re-
corded visible and thermal imagery.

. Nbtain obscurant modeling data to support modeling of the
dynamics of smoke and dust clouds for a single round (fired
statically or from a weapon) based upon soil characteris-
tics, atmospheric stability factors, and meteorological
conditions.
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2. Test Design Features

a. Instrumentation

Standard meteorological instruments
Atmospheric transmissometers in the following regions:

-=0.4 to 0.7 um
-=-0,8 to 1,1 um
-=3.4 to 4.1 um
--3.0 to 5.0 um
-=8.0 to 17.0 um
-=94 GHz

-=-47 GHz

Precision radiometer (PRT-5)
Soil analysis station
Particle size and concentration instruments.

b. Types of Artillery Missions Simulated

Twenty-six separate artillery barrages were executed that varied from
single-round missions to barrage intensities corresponding to greater than
two rounds per second per km of path length along the simulated forward
edge of the battle area (FERA).

C. Equipment Tested

Day TV operating in the 0.8- to 1.1-um spectral region
Tank thermal sight

Night Observation Device, Long Range (NODLR) operating in
the 3- to 5-um spectral region

Light Observation Helicopter Target Acquisition and Designa-
tion System (LOHTADS) FLIR operating in the 8- to 12-um
spectral region

Chow Circuit FLIR (pseudo d.c. restorer)
Day TV operating in the 0.4- to 0.7-um spectral region
MIRADCOM guidance link operating with a 10.6-um source

Identification friend or foe (IFF) system operating with a
0.9-um source,
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3. Test Results

The duration of target obscuration for similar barrage in-
tensities and weather conditions was much greater during the
Graf Il Summer trials than those observed during Graf 11
Winter trials.

Recorded data from these trials can be used to estimate the
percent of time that the target will be continuously ob-
scured for different barrage intensities for any of the mea-
sured spectral regions.

The relative performance of different sensors can be esti-
mated for different barrage intensities and different soil
types.

These test results provide good empirical data that can be used for
scaling the WBIC effect of artillery barrages in a European environment.
When used to assess the effect of WBIC environments on RPV performance, the
following limitations should be considered:

Only one soil type was tested (dry).

A1l measurements were made along approximately horizontal
paths close to the ground.

Although comprehensive instrumentation was used to monitor
dust and smoke cloud dynamics, these data have not been pub-
lished at the time of this review.

E. DUSTY INFRARED TEST-I (OCTOBER 1978)

Dusty Infrared Test-1 (DIRT-I) was conducted in the fall of 1978 in
the extreme southeast corner of White Sands Missile Range, NM [Ref. 18].
The gently sloping terrain was graded to remove all vegetation.

1. Test Objective

The primary objective of DIRT-I was to test some of the technology and
instrumentation approaches required to analyze and model WBIC environments.




Test Design Features

a. Instrumentation

) Use of a helicopter as an instrumentation platform
) Standard meteorological station
. ° SRI MARK IX LIDAR operating at a wavelength of 0.694 um

. ASL LIDAR operating at a wavelength of 10.6 um

o Tank thermal sight operating in the spectral region of 8 to
12 um

o Multispectral digital imagery operating in the 0.5- to
0.7-um, 1.,06-um, 3.0- to 5.0-um, and 8.0- to 14,0-um spec-
tral bands

° Light scintillometer to measure optical turbulence

[ Fourier transform spectrometer

) Millimeter transmissometers operating at 94 and 140 GHz

() Photopic documentary cameras

) Particle size distribution instruments

() Andersen air sampler to measure particulate samples

) Soil characterization instruments

] Crater measuring equipment

) Gas sampling equipment.

b. Sources of Dust and Smoke Clouds

Dust and smoke clouds were created by the following scheduled events:

. In groups of three, explosive charges were detonated that
varied in weight from 0.54 to 13.6 kg of TNT shortly after
sunrise as a dress rehearsal.

° In groups of three, explosive charges were detonated that
varied in weight from 6.8 to 54.4 kg of TNT. 1

° As a single event, 140 explosive charges were detonated.
The weight of each charge was 6.8 kg, and they were uni-
formly distributed over a rectangular area of 90 by 285 1
meters.,

° In groups of 12, explosive charges were detonated that
varied in weight from 1.4 to 10.9 kg of TNT.

o In groups of four, howitzer weapons were used to fire 155-mm
high-explosive rounds at a single target point.

29




A fire was created by burning a fuel mixture in a trench,
The mixture consisted of 38 liters of diesel fuel, 2 liters
of motor 0il, and 1 rubber tire placed in each of 8 con-
tainers. This mixture produced large volumes of black smoke
for the duration of the test, approximately 37 minutes.

3. Test Results

Difficulties were encountered with the use of the helicopter
as an instrumentation platform--namely, safety considera-
tions precluded flying into the smoke and dust clouds, and
the downwash from the helicopter could influence the cloud
formations.

A substantial data base was acquired for use in various
modeling approaches.

Soil characteristics have a large impact on crater size.

The characteristics of dust clouds created by detonating
tube-delijvered munitions and explosive charges in soil
cleared of vegetation were measured.

It is difficult to predict the amount of explosive charge
required to create a crater equivalent to that created by a
tube-delivered high-explosive round.

The data base acquired during the DIRT-I test has been used in devel-
oping and validating obscuration models. However, simple extrapolation of
test results will have limited utility for assessing the effect of WBIC
environments upon RPV performance since no smoke generators were used.

F. SMOKE WEEK Il TEST (NOVEMBER 1978)

Smoke Week II [Ref. 19] was scheduled for Test Range C-52 at Eglin Air
Force Base, FL, to provide an environment with higher humidity than that

experienced at Dugway Proving Ground, UT, where Smoke Week I was executed.
The effects of the WBIC environment were quantified in terms of atmospheric
attenuation and the time interval during which operators assessed that
their systems were inoperative.
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1.

2.

Test Objectives
. Create well-characterized obscurant clouds under field
conditions.
® Evaluate various inventory, foreign, and experimental
obscurants.
° Evaluate new techniques for the measurements and characteri-
zation of obscurants under field conditions.
® Accommodate testing of the GLLD/Copperhead system because of
pending Army System Acquisition Review Council (ASARC) pro-
gram decision reviews.
Test Design Features
a. Instrumentation
° Conventional meteorological station
] Particle size interferometer
° LIDAR systems operating with wavelengths of 0.69 and 10.6 um
) Two-dimensional spectral imaging system
0 Tank thermal sight
() Automatic acquisition IR seeker
. Experimental beam rider systems using either GaAs or C0p
lasers
Copperhead seeker mounted 100 meters AGL
Copperhead seeker and a boresighted TV camera mounted on a
helicopter platform
] Laser-guided bomb seeker at 50 meters AGL
Infrared imagers and TOW telescope
0 Three millimeter-wave experimental radars operating at fre-
quencies of 35, 94, and 140 GHz and tested over a horizontal
path approximately 2 meters AGL.
b. Obscurant Sources, Munition Caliber, and Obscurant Type

Canister, 155 mm, HC
Zuni, 5 in., WP

Rocket, 2.75 in., WPW
XM825, 155 mm, WP (wedge)
XM803, 155 mm, RP (wedge)
Foreign, 120 mm, WP
Foreign, 122 mm, WP
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Smoke generator, fog oil

142-g M8 grenade, developmental type 1

142-g M8 grenade, developmental type 2

300-g container, developmental

M48 tanks, vehicular dust

Shell (2.3-kg charge), 105 mm, high-explosive dust
Shell (6.8-kg charge), 155 mm, high-explosive dust
Burning hulk (an inoperative M34), fuel smoke

3. Test Results

The test results provided a good data base for evaluating
the relative effectiveness of smoke clouds created by U.S.
inventory munitions and generators and selected foreign
smoke munitions.

The obscurant effects of dust were quantified for different
weather conditions.

The test demonstrated the potential of developmental obseur-
ants to degrade the performance of visual, infrared, and
millimeter-wave tactical sensors in field environmentss

The relative sensitivities of inventory systems to different
types of obscurants were estimated for several different
environments.

The maximum attenuation observed for the radars during any
of the trials was only 9 percent for the 140-GHz radar.

This attenuation was attributed to a dust cloud generated by
detonating 90 pounds of C4 high explosive only 65 meters
from the radar LOS.

The data base acquired with the Copperhead seeker during the captive
flights will be applicable to analysis of RPV system performance in WBIC

environments,

In addition, the data base acquired during Smoke Week II has

been used to support the validation studies of smoke and obscuration models
used in E-0 SAEL. These validated models will be useful in evaluating the
performance of the RPV mission payload. However, it is anticipated that
these models will require further development to support RPV analyses be-
cause the data base assembled during Smoke Week Il was acquired using in-
struments mounted on ground-based platforms or fixed towers with a maximum
height of 100 meters AGL.
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sion [Ref. 20].

DUSTY INFRARED TEST-I1I (JULY 1979)

Dusty Infrared Test-II (DIRT-II) is a continuation of a U.S. Army At-
mospheric Sciences Laboratory research program designed to provide a better
understanding of the effects of battlefield dust on atmospheric transmis-

DIRT-II was combined with the Munitions Bare Charge Equiv-

alence Test and executed as a cooperative experiment with the U.S. Army
Engineer Waterways Experiment Station, Vicksburg, MS.

1.

2.

Test Objectives

Test

Compare craters formed by the detonation of artillery muni-
tions and high explosives.

Measure dust cloud growth, movement, and diffusion
characteristics.

Characterize soil types in the test area.

Measure mesoscale meteorological parameters (i.e., meteoro-
logical phenomena approximately 1 to 100 km in horizontal
extent).

Measure E-0 transmission properties of dust clouds.

Demonstrate that an RPV could be used as an instrumentation
platform,

Design Features

Instrumentation

Standard meteorological station

Atmospheric transmissometers for wavelengths of 0.55, 1.06,
and 10.6 um

Instruments for measuring digital imagery of dust clouds

Instruments for measuring atmospheric transmittance and
backscatter of a radar operating at 95 GHz

Photopic film cameras
Optical scintillometer
Acoustic sounder

Chemical analyzer for particulates
RPY for sampling particles.




b. Test Site Characteristics

The instrumented optical path was slightly over 2 km long.

o The site was compatible for both tube-delivered and static-
ally fired artillery rounds.

C. Munition Types and Charges

Y - e o s s Sl

The firing schedule comprised 50 static detonations and 30 tube-
delivered firings. The different types of rounds or charges and charge
weights tested are listed below:

105 mm, 2.3-kg charge

155 mm, 6.76-kg charge

4,2-in. mortar, 3.38-kg charge
C4 explosive, 1.81-kg charge
C4 explosive, 3.63-kg charge
C4 explosive, 4.54-kg charge
C4 explosive, 7.26-kg charge
C4 explosive, 12.25-kg charge

——— e -

! 3. Test Results
: 0 Empirically derived models for estimating crater size and
i depth were developed by using curve-fitting techniques.

; : ° The feasibility of using an RPV with a 9.1-kg payload as an
' i instrumentation platform was demonstrated.

° A large data base was developed that can be used to validate
and refine obscurant models.
The results from this test can be used to develop modeling approaches
for estimating the growth, movement, and diffusion characteristics of the
. dirt and dust cloud created during a firefight. Once they are validated,
these models will be useful in assessing the effect of a WBIC environment
on the performance of the RPV mission payload.
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H. A MEASUREMENT AND DATA REDUCTION PROGRAM ON OPTICAL ATMOSPHERIC
QUANTITIES IN EUROPE (1977-80)

The Measurement Program on Optical Atmospheric Quantities in Europe
(OPAQUE) is sponsored by the Defense Research Group of the North American
Council (NATO). This test was started during 1977 and is still continuing.
The specific objectives for the OPAQUE program are presented in a proposal
[Ref. 2] prepared by the forerunner of Research Study Group 8 of Panel IV,
which coordinates research activities between NATO countries relating to
measurements and studies of light transmission and image propagation
through the atmosphere in the visual and infrared spectral regions.

1. Test Objectives

. Develop a data base of atmospheric optical and infrared
parameters that affect military systems.

° Obtain coordinated support from representatives from the
following participating countries:

-- United States

-- United Kingdom

-- (anada

== Denmark

-- Federal Republic of Germany
-- France

-- Netherlands

° Establish the following seven sites for obtaining OPAQUE
data:
-- German Army Proving Ground near Meppen, FRG
~= Birkhof near Stuttgart, FRG

-- Lolland, Denmark, jointly operated by representatives of
the governments of Canada and Denmark

-- Ypenberg, Netherlands, near The Hague

-= Christchurch, England, near the south coast
-- Bruz, France, located in Brittany

-- Trapani, Italy, at the western tip of Sicily.

) Record automatically measured data every 30 minutes and man-
ually measured data at time intervals not to exceed 3 hours.
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Test Design Features L

Instrumentation ]

Nther Features

Required instrumentation consisted of equipment for .
measuring:

N

-- Standard meteorological conditions

-= Extinction coefficient in the visible portion of the
spectrum

-- Horizontal global illuminance (sky plus sun or moon)

-- Horizontal sky illuminance with sun or moon occulted at
culmination

-- Vertical illuminance at four azimuths (north, east,
south, and west)

-- Path radiance toward the east at night

-- Path illuminance at four azimuths during the day (north,
east, south, and west)

-- Spectral insolation characteristics

-- Atmospheric transmittance in the 3.4- to 5.0-um and 8.0~
to 12-um spectral bands over selected path lengths

-- Temperature fluctuations.

P enseess WOOE vt T copets 3

Recommended additional instrumentation consisted of equip~
ment for measuring:
-- Rawinsonde data

-- Atmospheric transmittance in the 0.6- to 1.2-um spectral
region

-~ Atmospheric transmittance for lasers operating at wave-
lengths of 0.9, 1.06, and 10.6 um

-~ Contrast loss in the visual portion of the spectrum
-- Optical turbulence

-~ Infrared image degradation

-~ Aerosol density distribution and particulate analysis.

ol M

——dt.
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Data base recorded with a common format
Calibration achieved with identical equipment and procedures

Representatives of U.S. Air Force and FRG collect data from
airborne platform during selected time intervals.
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3. Test Results

Only limited test results are available due to NATO coordination sche
dules at the time of this review. Nevertheless, it is becoming increas-
ingly apparent that this program is amassing substantial amounts of data
recorded in a common format and with a level of quality control that is no
available from other sources for the following parameters:

Extinction coefficients for the visible portion of the spectrum
Sky radiance
Path radiance

Atmospheric transmittance in the 8- to 12-um spectral region
Temperature fluctuation characteristics.

As a result, OPAQUE will provide the most comprehensive available histori-
cal data base for atmospheric characteristics that affect the performance
of E-0 sensors operating in the visual and infrared portions of the spec-
trum and will be useful in assessing the effects of the European weather
environment on RPV performance. However, OPAQUE has not identified a vali
dated methodology for extrapolating the data acquired near ground level to
altitudes comparable to those required during RPV missions.
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V. RECOMMENDED MODELING APPROACHES FOR ANALYZING THE

EFFECTS OF WBIC ENVIRONMENTS

This chapter outlines applications of the recoomended modeling tech-
niques and potential problem areas that may require additional tests and
evaluations to adequately analyze the RPV payload performance for each of
the six mission tasks identified in Chapter II and listed below:

) Detect and identify target
Range to the target to determine its exact location

: ] Identify and locate impacts of artillery shells fired from weap-
‘ ons being directed by the RPV

) Designate target for strike by laser-guided weapons or for acqui-
sition by laser spot trackers such as the Air Force's Pave Penny

Provide reconnaissance information
Assess target damage

A. DETECT AND IDENTIFY TARGET

The basic task associated with this mission element has been param-
eterized by previous investigators in terms of visual discrimination tasks

‘ [Refs. 21, 22]. This approach is used for estimating the performance of TV
or FLIR imaging systems. [t parameterizes the performance of the man-

: machine system by the signal-to-noise ratio (S/N) (in terms of contrast-

L limited resolution) that is required to perform such tasks as target detec-
3 tion, target recognition, and target identification. This modeling ap-

! proach provides the techniques for estimating the effects of the following

factors:

Atmospheric absorption and scattering
® System spectral responsivity
Range from the RPV sensor to the target




) Electronic and optical hardware characteristics
o Target signature1
) Target size.

The resolution requirements are based on the familiar Johnson criteria
[Ref. 211 that correlate the visual discrimination task with the number of
perceivable resolvable line pairs, as measured at the threshold of perform-
ance,z which must span the minimum target dimension to achieve the desired
visual discrimination task. The number of line pairs of resolution re-
quired to span the minimum dimension of the target, also known as the dis-
crimination factor, is given for each of three visual discrimination tasks
in the list below:

Classification Discrimination
Discrimination Level Factor, N; Meaning

Detection 1 An object is present.

Recognition 4 The class to which the
object belongs may be
discerned (e.g., tank,
truck, man, etc.).

Identification 7 The target can be

described to the limit of
the observer's knowledge
(e.g., T-62 tank,
friendly jeep, etc.).

With this method of parameterizing the resolution requirements, the
minimum resolvable temperature (MRT) or minimum resolvable contrast (MRC)
needed to accomplish a visual discrimination task corresponds to that re-
quired to recognize a bar pattern containing N; line pairs that has a mini-
mum dimension equal to the minimum dimension of the target. For an infra-
red system, these bars are designed to replicate a blackbody for radiance

1Defined as spatially averaged target-to-background thermal contrasts
expressed in degrees Celsius for FLIR systems and target contrast for TV
systems,

2Achieved when 50 percent of the operator's decisions are made correctly.
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in the spectral range of the FLIR., To establish target contrast of AT,
every other bar is held at the background temperature, and the remaining
bars are held at the temperature of T + AT, Similar bar patterns that
provide a visual contrast are used to analyze TV systems (Ref. 21].

The time required for an operator to achieve target detection and
identification is a function of the following variables:

Target type

Target size

Target signature

Atmospheric transmittance and path radiance
Sensor characteristics.

A parametric model developed by NV&EOL [Ref. 23] can be used to estimate
the time required to accomplish this task in different weather environ-
ments. This model requires separate estimates for the atmospheric trans-
mittance and target signature.

1. Effects of Variations in Weather Conditions

The effects of weather factors (e.g., visibility, humidity) on atmos-
pheric transmittance during each of the mission elements and, hence, on RPV
sensor performance, can be estimated by using any of the following models
[Refs. 3, 4]:

Modified LOWTRAN IV
DANTRAN

Natural aerosol extinction module
Radiative environment and contrast module.

Although all of these models produce similar results for moderately good
visibility, they model the effects of aerosols in slightly different ways.
The lack of a suitable data base precludes a clear choice of one model to
the exclusion of the others. Further, existing data are insufficient for
purposes of estimating the frequencies of occurrence for different distri-
butions of aerosol densities.

For those mission elements that require target designation for either
target location or weapon delivery, the LZTRAN computer code that has been
validated by the Naval Research Laboratory is recommended for estimating
the atmospheric effects resulting from natural factors.
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In addition to atmospheric transmittance, variations in weather fac-
tors (e.g., insolation, cloud cover) will affect performance of the RPV
mission payload by causing variations in thermal signatures of targets and
background scene components [Ref. 7]. The TAVETS model can be used for
estimating day-to-day diurnal variations in thermal radiance and signatures
based on weather observables [Refs. 8, 9].

Because of insufficient data on foreign armored vehicles and on the
thermal characteristics of backgrounds in the European environment, addi-
tional test and evaluation resources may be required in this area.

2. Effects of WBIC Environments

During those missions that do not require critical timelines for ac-
hieving target identification, transient obscurant events would probably
have a negligible effect on RPV performance and, hence, may not have to be
analyzed. However, the Soviets do have the capability to create contiguous
smoke clouds for extended periods of time. The effects of these smoke
clouds and the resources required to generate them can be estimated by the
smoke obscuration computer routine that is based on research conducted by
NV&EOL and integrated into the EQ-SAEL smoke model [Ref. 3]. For steady
state dirt and dust clouds created by artillery barrages, the DIRTRAN model
that is incorporated into E-0 SAEL is recommended. Because all realistic
models for dust from moving vehicles require detailed input data (i.e.,
vehicle type, speed, wind duration, and soil characteristics), no validated
methodology was identified for extrapolating test results acquired in a
particular environment to other environments. Additional test and evalua-
tion resources will be required to accurately model dust clouds created by
moving vehicles.
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B. RANGE TO THE TARGET TO DETERMINE ITS LOCATION

For missions that require target Tocation with noncritical timelines
(task accomplishment within a few minutes), only screening smokes can have
substantial effect on RPYV mission payload performance because of airframe
mobility and the relatively short duration of other obscurants. Thus, the
recomnended obscurant models for analyzing this mission task are the E-0
SAEL smoke and DIRTRAN models. The laser absorption routine (LZTRAN) and
the turbulence-induced pointing jitter (TURB) computer codes can be used to
estimate the effects of'natura1ly occurring weather factors on the atmos-
pheric transmittance and scattering characteristics of laser energy. Be-
cause TURB is based on a Monte Carlo routine and requires data that may not
be available, additional testing may be required. In particular, the abil-
ity of the RPV system operator to estimate the range to a target is uncer-
tain because the effects of obscurant clouds are different for the FLIR
sensors than for the laser sensors.

C. IDENTIFY AND LOCATE IMPACTS OF ARTILLERY SHELLS FROM WEAPONS THAT ARE
BEING DIRECTED
The actual location of the impacts of artillery shells can be deter-
mined in many cases by using the laser designator to range to the smoke and
dust clouds created by the impacts. Because the smoke and dust clouds will
be transitory events, this mission element will require that the operator
accomplish the task of locating impacts during a short time interval,
Thus, if the impacts are within the field of view of the sensor, only a few
additional such transient events will create smoke or dust clouds suffi-
cient to cause problems with identification of the impacts.

As with the previously discussed mission element, the effects of
screening smoke would be modeled separately. However, during periods of
intense fire or when an area target is being attacked--at which time numer-
ous rounds of various types may be arriving in the field of view almost
simul1taneously, thus causing considerable uncertainty about the arrival
time of any particular incoming round--the presence of many dust and smoke
clouds may make this task and its analysis very difficult. Because of the
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lack of test data and the absence of validated models for complex situa-
tions, additional test and evaluation resources will probably be required
to adequately assess the effects of WBIC environments on this mission task.

An estimate of the operator'’s ability to locate the impacts of artil-
lery rounds can be obtained by assuming that the task is equivalent to a
particular visual discrimination task. However, the anticipated variations
in the size and radiance of the resulting dust clouds may produce substan-
tial variations in the calculated operator performance. Hence, additional
test and evaluation resources may be required to adequately assess the
effects on RPY performance,

D. DESIGNATE TARGET FOR LASER-GUIDED WEAPONS OR PAVE PENNY

This mission element is probably the most difficult to analyze because
(1) achieving a high probability of kill is critically dependent on the
ability to designate the target accurately and (2) target designation must
be continuous during a critical time period. Typical WBIC environments may
reduce the effectiveness of the RPV system either by causing tracking er-
rors in the autotracking system or by creating a temporary interruption in
the LOS between the target and either the designator or the weapon during a
critical part of the weapon delivery sequence of events,

The Battlefield Environment Laser Designated Weapon System Simulation
(BELDWSS) modeling approach developed by the Guidance and Control Direc-
torate of the U.S. Army Missile Command (MICOM) is designed to analyze the
physical interface between the laser designator and weapon system through
the laser spot reflected from the target. This approach uses a detailed
three-dimensional target reflectivity model and an empirically verified
model of the laser designator performance [Ref. 10]. The existing model of
target reflectivity has not been fully validated for target viewing aspects
compatible with RPV missions. '

Because estimates of RPV mission payload performance based on BELDWSS
simulations will be critically dependent on modeled autotracker performance
that cannot be validated until after flight tests, interim modeling
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approaches should be considered. Potential interim approaches for obtain-
ing preliminary estimates of the effects of WBIC environments on RPV per-
formance during this mission task are:

° Identify WBIC environments that preclude a successful laser des~

ignator mission because either the TV or FLIR sensors are inoper-
ative.

. Identify WBIC environments by analyses of existing test data or
execution of small tests that preclude a successful laser des-
ignator mission because the laser energy is either excessively
attenuated or scattered.

) Analyze existing simulation data on the execution of simulation
tests to estimate the time required for an operator to identify
and acquire satisfactory lock-on with an autotracker while view-
ing video imagery comparable to the type that will be provided by
the RPV system.

These interim approaches will be based on a combination of test data ob-
tained from similar systems (other TV and FLIR autotrackers) and analytical
models of autotracking hardware design. Modeling approaches identified in
this report (e.g., DANTRAN computer code, TAVETS model) can be used to
calculate video S/N and other WBIC-dependent parameters that affect auto-

tracker performance.

E. PROVIDE RECONNAISSANCE INFORMATION

L4

During many reconnaissance missions, transient smoke or dust clouds
may provide valuable visual cues for determining the nature of battlefield
activity. For those cases in which screening smoke is used to provide
cover for a tactical operation or to create uncertainties about the activ-
ity on the battlefield, the E-O SAEL smoke and DIRTRAN models are recom-
mended for estimating the effects of both the screening smoke and smoke
from burning vehicles.

Because this review of modeling techniques did not identify any val-
idated models that could be used to estimate performance of the RPV mission
payload while the operator is acquiring reconnaissance information, it is
recommended that the operator performance be assessed by analyzing his
ability to accomplish the visual discrimination task of target recognition
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as described above. While this modeling technique will provide a baseline
level of performance, additional test and evaluation resources may be re-
quired to adequately assess the effects of WBIC environments on RPV perfor-
mance during this type of mission.

F. ASSESS TARGET DAMAGE

In the review of modeling techniques for the damage assessment mission
task, no attempt was made to distinguish between the easier subtasks (e.g.,
determining whether artillery shells impacted in a designated area) and the
more difficult subtasks (e.g., determining whether a damaged system is’
operable or inoperable). Therefore, it is recommended that the RPV op-
erator performance be analyzed by using at least two visual discrimination
tasks (e.g., target detection, target identification). This modeling tech~
nique will provide a baseline level of performance. However, because there
are many different operational scenarios that include different tactics for
the employment of obscurants, additional test and evaluation resources may
be required to adequately assess the effects of WBIC environments on op-
erator performance during the accomplishment of this mission task.
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AGL
ASARC
ASL

BELDWSS

co,
DANTRAN

DIRT
DIRTRAN
E-0
E-0 SAEL
ETAC

FEBA
FLIR
GaAs
GLLD

HC

IFF

LIR

IR
JTCG/ME

LDWSS
LIDAR
LOHTADS

GLOSSARY

above ground level
Army System Acquisition Review Council

Atmospheric Sciences Laboratory (U.S. Army Electronics
Research and Development Command)

Battlefield Environment Laser Designated Weapon System
Simulation

carbon dioxide

computer code for estimating atmospheric transmittance
in the infrared portion of the spectrum

Dusty Infrared Test

Disturbed Infrared Transmission (ASL computer model)
electro-optical

Electro-Optical Systems Atmospheric Effects Library

Environmental Tactical Applications Center (U.S. Air
Force)

forward edge of the battle area
forward-looking infrared
gallium arsenic

ground laser locator designator
hexachloroethane

identification friend or foe
imaging infrared

infrared

Joint Technical Coordinating Group for Munitions
Effectiveness

Laser Designated Weapon System Simulation
Light Direction Finding and Ranging (System)

Light Observation Helicopter Target Acquisition and
Designation System
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LOS
LOWTRAN

LZTRAN

MICOM
MIRADCOM
MOE

MRC

MRT
NODLR
NV&EOL
OPAQUE

PWP

RP

RPV
S/N
TAVETS

TOW
TTS
TURB

v
VFR
WBIC
WP
WPW

line of sight

computer code for estimating atmospheric transmittance
in the infrared portion of the spectrum

computer code for calculating laser line absorption due
to gaseous absorption

Missile Command (U.S. Army)

Missile Research and Development Command (U.S. Army)
measure of effectiveness

minimum resolvable contrast

minimum resolvable temperature

Night Observation Device, Long Range

Night Vision and Electro-Optics Laboratory (U.S. Army)

A Measurement Program on Optical Atmospheric Quantities
in Europe

plasticized white phosphorous

red phosphorous

Remotely Piloted Vehicle e
signal-to-noise ratio

Thermodynamic Armored Vehicle and Environmental Thermal
Signatures (model)

tube-launched, optically tracked, wire-guided (missile)
Tank Thermal Sight

Turbulence-Induced Pointing Jitter (MICOM computer
routine)

television

Visual Flight Rules

weather and battle-induced contaminants
white phosphorous

white phosphorous wick
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