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ABSTRACT

The performan.e of thermal sensors against ground targets depends
upon the thermal contrast between the particular targets and the back-
grounds. This thermal contrast is highly variable and it is background
and target specific. It elsO depends upon the time of day and the weather
conditions. In support of Tactical Decision kid development, a data base

which contains thermal contrast as well as weather variables is being
converted to computer-compatible tape.

This data base consists of radiometric measurements of targets,
backgrounds, and incoming long and short wavelength radiation, as well as
on-site meteorological measurements made almost continuously over more
than a two year period by the US Army Engineer Topographic Laboratories
vt Fort Belvoir. Standard weather measurements made at the nearby
Davison Army Airfield are also combined with the on-site measurements.

Th is paper describes this new data bass whL-h can be used to develop or
validate thermal contrast models. devnsop rules of thumb fot thermal

contrast prediction, validate Tactical recision Aids, or develop statis-
tical distributions of thermal contrast as a function of the time of day
or the weather conditions.

1.0 IUTROOUJCTtUN

The performance of weapon systems whi•,h cepend upon the thermal contrast t

tween the target and various backgrounds is also affected by the weather since the

*.w weather has a great influence upon this target-background thermal contrast. The

behavior of this contrast in the reaI world is very complex. It is dependert upon

the specific target as well as the specific background., It also depends upon the

current weather conditions of solar load, incoming IR radiation, humidity, precipi-

tation, air temperature, and wind speed., It is time-of-day dependent anJ also

varies with the season and soil moisture conditions. because of the great variety

of conditions which influence thermal contrast, there is a need for a data base

wh•ich encompasses the many variables which describe the various weather conditions

in which these infrared systems are expected to operate.

The A.r Force Geophysics Laboratory has sponsored a survey of data bases which

could be used to test the Thermal Contrast Models which are part of the Tactical

Decisions Aide for the US Air Force file. These Tacticnl Decision Aide will permit

the field commander -to predict the performance of his weapon suites in the divers-

ity of weather conditions which may be encountered in the field. Although a large

quantity of data has been taken for the evaluation of IR systems, for the evalua-

tion of the IR signatures of a number of targets, and for the development of scene

statistics, these data bases are limited in their weather characterization, the

number of diurnal cycles covered, the seasonal coverage, and the variety of weather
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conditions encountered during the masurements. The$e data bases also fail to

capture the dynamic nature of thermal contrast. They present a static picture of

the thermal contrast in a scene at a particular moment of tiae instead of a moving

picture of the changes In thermal contrast under changing weather and time of day

conditions. As a result of the deficiencies in these other data bases, the data

obtained by the Army Engineer Topographic Laboratories ere of great researct. value

in the study of thermal contrast. These data are being transferred to computer-

compatible tape,

It is expected that this data base will be extremely useful for (1l the de-

velopment of thermal contrast models, (2) the validatiol of thermal contrast

models. (3) the development of rules of thumb for expected thermal contrast, and

(4) the development of statistical distributions of thermal contrast for selected

i % weather categories, times of day, and seasons.

2.0 AMMY ENGINBER TIPORAPHIC LAAOIATORIIS
TH-ERMAL CONTRAST DATA EASE

The Army Engineer Topographic Laboratories Thermal Contrast Data Base consists

of almost continuous measurements with a Barnes PRT-5 Radiometer of brightness

temperatures of selected background plots and targetz, along with supporting mete-

orological measurements. The site is located at Fort Belvoir, Virginia. A sche-

astic outline of the site is shown in Figure 1e The background plots consist of

(1) cut grass, (2) ba.e soil, (3) uncut grass, (4) cut grass from another asp, .

angle, and (5) aggregate gravel., The site also includes a target station. Tar-

gets which have been located at this station are a large aerial tower truck (21 and

an M114 armored reconaissance vehicle. Each background plot and the target station

is scanned at a fixed interval with the same radiometer, In addition, another

radiometer measures the brightness temperature of a Douglas fir., Figure 2 is a 1

photograph of the test site with the 1114 in place. The PRT-5 radiometer is

located near the top of the tower shown in the photograph.

Meteorological measurements are also made at the same size. Thabe are listed

in Table I. These include air temperature at a variety of tower heights, dew point

temperature, barometric pressure, wind speed, wind direction, and amount of preci-

pitation.

Other radiometric measurements include incoming short-wave radla,.on, incoming

long-wave radiation, and net short-wave radiation for the various plots. 'easure-

sents of soil temperature, soil moisture, and soil heat flux are also made at

various depthsa The radiometric measurements and soil measurements are listed in

Table 2.

During 1979 and 1980. the measurement program concentrated on radiometric

temperatures of the four backgrounds, without a vehicle Me1. In 1981, radiometric

temperature measurements were made of evergreen trees and a cut grass background.
Codes

Dis /Avdi. a dice'
Special
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The iMasuceawnt Program in essentially the present configuration began in June

1982. From June 1962 to hay 1984 approximately 26,600 measurement bets have boan

takent of these approximately 22,200 measurement sets were taken from June 1983 to

Nay 1964. During this latter year, on the average# one measurement set was made

every 24 minutes. The measurement frequency rate has varied from approximately

once every eight ainutes to once every 40 minutes. Data has been taken 24 hours a

day throughout all seasons. Measurements have continued since May 1984.

After they are taken, the measuresents are stored on a Hewlett-Packard 9895A

*' formatted eight-inch floppy disk. In order to make thee more accessiole, data from

June 1982 to May 1984 are being transferred to computer-compatible tape., The for-

mat for the computer-compatible tape is that developed by the Targeting Systems

Characterization Fility (TSCF) Me

"Weather data from the nearby Davison Army Airfield at Fort Belvoir are also

* being added to the data set. This will provide the user with standard weather

"observations made by Air Force observers. It also supplements the CTL measurements

Sby providing visibility and cloud cover information., The hourly weather measure-

ments made at Davison Army Airfield are written in the TSCF format: the ETL weather

measurements, radiometric measurements, and soil measurements are added as an ad-

ditional word group in the TSCP format.

The conversion of this data base to a computer-compatible tape format has been

sponsored by the Air Force Systems Command and the Air Force Geophysics Laboratory,,

and supported by the Army tngineer Topographic Laboratories.
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FIGURE 1 SCHEMATIC OF TEST SITE LAYOUT

FICURE 2. PHOTOGRAPH OF TEST SITE, LOOKTNG NORTHWEST
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