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FOREWORD

This report was prepared by GPL Division - General Precision, Inc.,
Pleasantville, New York on Army Coniract No, DA-30-069-0KD=3507, kadiemctric
Signatures of Battlefield Targets. The work was administered under the
direction of Ballistic Research Laboratory, Aberdeen Proving Ground, Mr, Victor
Richard administered the project for the latoratory.,

“The iield progrem began on January 3, 1962 and was concluded March 23,
1962, Thomas W, Odell was the project engineer and Seaman M, Seelig was the
assignment engineer for GPL,

The cooperation of the Ballistic Research Laboratory is gratefully ac-
knowledgeds GPL ic copecially grateful for the invaluable assistence of Dr,

Alfred A, Hodge of BRL in the conduct of the field program,

This report concludes the work on Contract No, DA=30=C69-0UKD-3507,

This report is classified Contidential because of the measurementis of
apparent temperatures and apparenl Lemperaturs differentials of battlefield
targets listed throughout. Also, aay discussions, conclusions or recommen:i:ticms
concerning these temperatures are similarly classifled,




ABSTHACT

This report comprises the results of a field study on the micro-
wave radiometric temperature dif'ferentials beiween typical battlefield
targets and their backgrounds under various climatic and terrain cone-
ditions.

The targets viewed include personnel, tanks, trucks, Jeeps and
napalm fires, Data was obtained during night and day conuitions as
well as during fog, rain and snow, Also, target signatures were taken
when the tank was obscured by smoke, camouflage and wvegetation. Ta
simulate observations of a missile borne guidance seeker, tank targets
were viewed with the radiometer at clevation angles approaching 15°,

Thic report includes the tcot data, a discunslon of reoulilo, con
clusions and recommendations for further research and development,
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1. INTRODUCTION

This is the final report covering the accomplishments and results
of the signaturs study program conducted under Contract No, DA-30~069-
01D-3507, The program involved field measurement at the Spesutie Island
facility of the Ballistic Research Laboratory, Aberdeen, Maryland and
utilized a GPL owned radiometric instrument as tHe basic measuring device,
Field measurements commenced on January 3, 1962 and were concluded on
march 23, 1962.

The test program was directed Loward determination of radicmetric
temperature differentials betwsen typical battlefisld targets and their
backgrounds under various climatic and terrain conditions. The resultent
data is intended for Army use in evaluating feasibility and desirable
characteristics of future passive detection and guidance systems,.

Targets used during the tec’ progrem included tanks, trucks, jeeps
and personnel. Data wis obtained during night and day conditions as
well as during rain, fog and snow. Also included are tank signature
dala when camouflaged and when obccured by smoke;, fire and vepetation.
To similate observations ol a missile borne guidance sceker, a cherry-
plcker vehicle was used to elevate the radiometric instrument to heighus
up to tifty feet above lerrain,

The conlract was executcd by Lhe GPL Division, General Precision, Inc,
under the direction and cognizance of the Ballistic hesearch Tahoratory,
Aberdeen Proving Ground, Maryland, The personnel involved in the test
program are shown in Figure 1=l [Left to right: A.G. Kelly (BhL),

D, Stevens {GPL), D.L. Barnhouse (U.S. Army), Dr, A.p, Hodge (BHL),
S.M. Seelig (GPLi[.,

This report includes a description of the field proéﬁém, a di=cussion
ol the results, conclusions and recommsndations. Alsc included are
appendices containing the test data, a discussion of the theory of micro-
wave radiometrv, derivations of the antenna temperature and range equations
and a bibliography of reports applicable to this program,

2. FIELD PhOGRAM

On January 3, 1962 the field test portion of the radiometer signature
study was initiated at the Aberdeen Proving Grounds, For the initial
ngasurements the radiometer and associated test equipment were placed in
a portable instrument trailer. (See Figure 2-1 and 2-2), The receiver
and dish were sscured to a mount stedrable in both azimuth and elevation,
Cn the same mount, adjacent to the dish was placed a telescopic sight.
Collimation between the dish and the sight was accomplished by placing a
35 (0S signal generator 25 yards from ithe dish, pointing the dis” for maxi-
mum signal and offsetting the sight cross hairs the proper distance from
the signal generator, Additional procadures included measurerent ard mark-
ing off of the test range, set-up and calibration of thermocouplcs on the
tank, and familiarization with measurement techniques on the light meter,
psychrometer, and thermocouple potenticmster,
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The swivel mount centaining thc radiometer was placed on tracks
enabling the entire unit to be moved outside the trailer,., This allowed
the radiometer to be pointed at the sky for calibration purpcses. A
sky angle of about 32,5° (angle above the horizon) was chosen and the
elevation of the dish moved to this angle for each calibration run.

The equipment trailer was heated and controlled with a thermostat

s0 as to keep the

equipment at a constant temperature and free from

dampness during overnight and weekend storage.

Throughout the entire field program certain additional measurements
were taken in order to specify carefully the environmental conditions
under which the apparent temperatures were taken. As explained in Appendix
BAY thase conditions play an important part in determining the apparent
temperatnre of a target, The following readings wers taken in conjunction

with the measured

1,
2,
3.
L.
5,
6'
Te

temperatures:

reflected light from target

incident and roflected light on radiometer dish
degree of cloud cover and type of weather

time of day

temperature and relative humidity

thermometric temperature of tank target

radiometric temperature of two reference surfaces of aluminum
and microwave absorbing material

2.1 Characteristics of Radiometer

2,141 Physical Characteristics
The radiometric packaga; excluding separats power

units and a control box, comprises an antenna=recelver which is mounted on a
scanning head, The antenna consists of a parabolic reflector two feet in .
diameter with a feed system ‘o piovidu broad bandwidth and low sidelobe levels,
The receiver is a superheterodyne configuration with connections for use with
separate power units., The separate power units are used te permit remote
mounting of the radiometer up to a maximum of 100 feet from the antenna.

2+1.2 Flectrical Characteristics

2e1l.20.1 Receiver Operation

The radiometer functional diagram is shown

in Figure 2=3,, The unit is basically a microwave superheterodyne receiwer

(.86 cm) with spucial signal processing circuitry. The nolse signal received

by the ar...nna is mixed in a balanced mixer with the ocutput of a Ka band
klystron sscillator to produce a 30 MC IJF, signal., Altemately, at a 97 cps
rate, L+ mixer inpvt port'is connected to a fixed reference source. The result-
ant I.F, s gnal is amplified and the 97 cps envelope is detected.

hSa}
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Phase deteclion and integration are then performed, After further D,C,
amplilication, the resultant signa) passes on to the alarm and memory
circuits. The output of the radiometer drives a D.C, pen recorder,
Provisions are made for both absolute and relative calibration,

okelo2 Eguipment Description

The radiometer ussed in the Field Test Program had
the following parameters:

TABIE ¢
Item Characteristic
Operating Fremency 8.6 m.ma region
Receiver Type Superheterodyne
Polarization Vértical
Noise Figurse
(double channel) 9.4 db
1, F, Center Frequency 30 mec,
I1.F Bandwidth 15 m.c,
Antenna Parabolic dish ~ 2 fi, in diu~
meter
Azimuth Scan Hate 0 « 18Y/sec
Field of View 30° azimuth, 90%levation
Spatial Resolution 1.1° ( 3 db points)
Keceiver Temperafure 247K v ='.05 sec.
Resolution 0.554°%K = 1 sec.,
0.247% ¢ = 5 sec,
Output Data Form D=C Voltage ( O - 6 v)
Z » out = 600 &
Lieadout Pen Recorder and D,C, Meter
Input Power 115,v, 60 cps, 3L5 v.a,
Dynamic Range 00 X

2.2 Personnel Measurements

. Initial measurements indicated that the amount of metal on a
target is the decisive factor in its apparent temperature. Hence, a
soldier iu full battle dress, including field pack, rifle, ‘and helmet
was used as the personnel lLarget (See Figure 2-4), The range for all
personnel measurements was 50 yards from the radiometer. ILight runs were
taken: 1 each of the three basic positions ~ front, side and prone, both

day and night; and front and prone in the daytime during rain (See Figure
2-5, 2~6),

NOTE: Explanation of Taped Data

The measured temperature differential betwsen a target
and the background appears as a D,C, voltage at the output of the system,
The larger the tempsrature diffsrence the larger the voltage, If the
voltage is positive the target is "hotter" than the background, if negative
it is'"colder". To obtain the differential in degrees Kelvin, the measured
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voltage is nulled out with a reference battery voltage calibrated in degrees.

The target was first sighted through the scope, and then the
mount containing both dish and scope, was adjusted for the proper elevation,
The mount was then moved in azimuth off to the side of the target and the
voltage representing the temperature of the background at this elevation was
nulled out using the calibrated dial. The mount was then swept through the
target in azimuth from one side to the other %o obtain its profile and its
point of maximum signal, This sweep represents the first deflection on
each tape (See Figure 2-6), The radiometer was then swept back ou the tar=
get and left pointing at the position of maximum signal. This represents
the secend deflection on cach tape,s This signal was bthen nulled out using
the calibrated dial, The difference between the new dial setting and the
original one represented the difference bstweaen the target and background
temporature (for the beam filled case),

2.3 Tank Measurements

Tank runs wers performed for four basic views (front, back,
side and 3/l rear), three ranges (50,300, and 500 yds), and with a number of
diffcrent environmental conditions. The target tank uscd was an NM-L8A2 full
tracked combat tank (See Figure 2-7),

At 50 yds from the radiometer its bsam is 2 1/2 feset in dia-
meter, Hence at this range a thermal profile of the tank was "palnted" by
bakin% azimuth runs across it at three differsnt values of elevation angle
(See ¥igure 2-9), The apparent temporature of significant features wag-
measured and recorded (See Figures 2-8 through 2-13). At the 300 and 500
yd ranges the beam diameter is greater than the height of the tank and with
the horizontal cross-hair centered on the base of the turret, only one azimuth
sweep was necassary (See Figures 2-li, 2-15), Measurements were taken at all
positions and ranges mentioned above with the tank engine on and off, In
additjion to the runs mentioned, measurements were taken of a camouflaged
tank, ' Figures 2-16 through 2-19, a tank against a sky background, Figures
2-20, 2-21, a tank in shade and behind trees, Figures 2-22, 2.23, and a tank
at night, Figure 2-24,

During the shade runs the tank was hidden by shrubbery directly
between it and the radiometer as .seen in Figure 2-22, For the night runs
the tank was iliuminated with searchlights sc that the horizental cross-
hairs could be accurately placed in elévation at the base of the -turret.
Then the sweep procedure previously described was performed,

2.4 Supplementary Measurements

The contractual requirements of the field program were completed
sufficiently ahead of schedule to allow a large number of supplementary runs.
These runs in part served to resolve questicns raised during the first part
of the program, such as tank warm-up temperatures and the effects of mud,
rain, snow and fog on apparent temperature measursments., Thay also allowed

# See Addendum, page 115
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the use of other targets, such as trucks, jeeps, and napalm fires. In
addition the radiometer was mounted in a 50 foot high cherry-picker to
@nable a view of the tank from the angle of an incoming missile,

2.L4.1 Tank Warm-up

The purpese of this run was to see if tank engins tem-
perature had an effect on its apparent temperature, To determine this the
rear of the tank was moved to within 25 yds. of the dish, the cross-hairs
centered on the exhaust and the tank allowed to cool for over L hours,

The signal from the cold engine compartment was then nulled out, the engine
turned on, and the subsequent changs in the mull condition, indicating a
change in apparent temperaturs, duly noted on the pen recorder, In addition,
the thermodynamic bLemperatures of the tank exhaust and engine compartments,
both before and after engine turn on, were measured with the aid of thermow
couples, The tank was allowed to run until its apparent temperature
stabilized (about L5 mimutes), During this time the unbalance created by
the increased engine temperature was nulled out, the new dial reading noted,
and the dial returned to its original settinge. After engine turn off the
radiometer remained pointed at the tank, to record ilhe cooling-oft curve,
unbil « new sbtable radiomctric tomperaturc war rcached, Thic took approvi-
mately onc hour, thus completing the run. A nmumber of such measurements
wers Laken to determine data repeatibility. Table 3-2 contains a summary
of dats from all thc tank runs.

2,h.2 Tank Rotation huns

Hotation runs were taken in order to find out which tank
aspect angles provided the msximum and minimum temperature differential with
the background, The radiometer cross-hairs were maintained on the base of
the turret as the tank was slowly rotated in a tight circle at 100 and 300
yds, In order to include all views of the tank on the limited dynamic range
of the pen recorder, the radiometer was initially nulled out on the front
view, which gave the minimum signal, Thus peaks in the data curve (sae
Figure 2-25) representing signals from other aspect angles, signify colder
temperstures than the front view base line,

2,443, 2.h.l Truck and Jeep Runs

The apparent temperatures of a 2 1/2 ton truck
and a jeep were taken for both front and side views, Measurements of the
truck Ty were made at 50, 300 and 500 yds. while those of the jeep were at
50 ydse The heights of the azimuth sweeps made at 50 yds are illustrated
in Figures 2-26 and 2-32, In addition, rotation runs of both targats were
made in 8 manner similar to that deseribed previously for the tank. See
Figures 2-26 through 2-33.
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2.4.5 Napalm Fire huns

Up until this point in the program, all targets viewed
fave been detected by virtue of their reflection ol radiation from the
"cold" sky, thus making them appear, to the radiometer, cooier than
the background, Now it was desirable to see how well thc instrument
could detect targets thal were hotter than the background, 7o assist
in this part of the program a team from the Army Cnemical Center at

Edgewood, Md, was called in to provide napaim angd flame thrower aquip-
ment.

At first the napa.m was placred in a 2 fool diameter
puddle 25 yds. from the radiometer and ignitad, The radiometer which
had inilially been nulled out on Lhe lemperature of the unlit napalm
was now rebalanzed on the burning chemical and the new dial —eading
noted, thus irndicating its apparent tempecabure (see Figure 2-34),
This was repeated at 100 yds. wilh a larger fire, A third rup was
conducted to examine the affect of having burning napalm betwceen
the tank and the radiometer, To acecompiish this, the napalm was
cpread in a 20 fart cirip at the 25 . point apa the fank oo oao
the 50 yd, print., The radiometer was fonuzed on the tank, nulled ouk,
and the napalm was ipnited, Unfertunately, lhe rlame never c.ambed
high enough to obscure the Lank, llowever, the smoke lrom the lire
completely blotted out the tank and this in itsell provided a wisein
test (see ligures 2.3h, 2-30), The lrinal test involved measuring
the apparent temperature of bursts from a Llame thrower (Figure 2-37},
A technician with a tlame thrower was placed 5 yds, in rront of the
radiometer with the nozzle pointing at a small angle from the dish
axis. The radiometer was initially nul.led out on this background,

a six second burst was fired and a new null reading made during the
burct.

2.6 Snow, Fog and kain luns

Winter in the Chesapeake Bay area of darylani is a good
time of the year to determine the effec': of wa~ious weather -oaditions
on the apparent target temperalure.:, All ol *hese measurements were
made of the front and side views cf a tank al a vange of 300 yds
(see Figures 2=38 through 7-l1', 1In the case o1 the snow and feg runs
the tank was complelely cbecured viswallye Tv order ¢ place ine hori-
zontal cross-halrs at ccrre:t elevatimm on the kbase of the turrer, 1L
was necessary to wail for s temporary break 1 the fog and snow, The
actual runs were Lhen made when the targe+ was once again rompletaly
obscured,

2.11.7 Tank Views irom Cherrypicker

B TN
RS S

LU

-t 2
test came from viewing Uhe Lank with the radiometer from ‘he :ngle of
an incoming missile, This war acco.mplished by placing the raaiometer

and associated equipment in the basket of a “cherrypicker", Figure ’-L4Z,
Through the use of this device the height of tie radicmetler coulz De
varied continuously between O and 50 Leer thus enabling the ltank wo be
viewed from various aspect angles from (5 to (07, (lrigures 242 z-lu,
2-15), Inability to turther reduce the =lsvation angie of the racioneter
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10° ANGLE VIEW CF TANK FROM CHERRYPICKER

FIGUKE 2-45.




dish prevented viewing the tank at angles greater tnan Loo, Apparent tem-
peratures were taken in 10° intervals with the tank at a distance of L7

feet from the base of the cherrypicker (Figure 2-L6), In addition, use of the
cherrypicker permitted the determination of the greatest distance at which a
tank could be detected from elevations other than ground level (Figure 2-47),

2.L.8 HReference burface huns

Two reference surfaces were periodically viewed .by the
radiometer in order to relate easily the apparent temperatures determined
in this experiment with those measured in tulure ones. Any luture experi-
menter can readily relate his resdings with those in this report by dupli-
cating the reference surface set-up described and compuring the two sets
of temperatures, ‘'he surfaces were L by 8 fect in area and placed at an
angle of L5° with the ground 25 yds, [rom the radiometer dish. The first
reference surface was a sheet microwave absorbing materialss which gave a
temperature reading hotter than the background. A temperature reading
colder than the background was given by a sheet of unpolished aluminum,
the second reierence swiace, In addition to measuring the apparsnt tem-
peratures of these surfaces periodically, they wers employed in certain
other tests. The apparent temperature of the aluminum was measured when
covergd witly layels of wel and ary wud inh an offort Lo simulate Ulhic cticcis
these roatings would have on the apparenl temneraturs of a tank. Also
measured was the apparent temperature ol the aluminum as a function of its
angle with the ground. This helped to determine rom which angulal sur-
faces on a tarpet the largest sipgnal return might be expected.

] o

2.4.9 Audlo Modulation of the Microwave Signal

In an effort to determine il the microwave sipnal from the
tank is being modulated by the sound from the tanks engines, the rear of
the tank was placed 25 yds. from the radiomcter and the dish trained on the
engine compartment, he output of the 97 cps detector was fed into an audio
amplifier and loudspeaker assembly and the tank was turned on.

# See Addendum, page 115
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3. DISCUSSION GF KESULTS

3,1 Calibration Procedure

In order to determine the absoclute apparsnt temperatures of ths
targets viewed, calibration runs were performed each day and sametimes
twice a day, Reference to the radiomeler block diagram, Figurs 2-3; will
aid in understanding the procedure used,

As in all Dicke type radiometers in order to eliminate the effects
of slow chanpges in rvecelver gain, the microwave jnput to the mixer was
switched between the antenna and a sourcs of constant temperaturs, in this
case, the termination of the ferrite switch, Any difference between the
antenna temperature and the temperature of the termination results in a
D.C. voltage at the output of the integrating cir-uit, The magnitude and
sign of this voltage represents the magnitude and sense of the temperature
differential., The chopper of the D.C, amplifier alternately samples this
voltage and a calibrated reference voltage. In the measurement procedure,
the reference voltage is adjusted until a null reading is obtained from tha
oubput of the D.C, amplifier signifying that the integrater voltage was
matched in boln amplitude and sign by the reference voltage. The dial
reading for the reference source is then noted, f<he calibration procedure
rclatcs bthis dial reading te the temperature an the main puide of the antenna
by inserting in the main guide known temperatures from a noise source and
balancing them out with the refercnce source,

During calibration the aniernna is pointed at the sky at a 32,5°
anple with the herizontnl, The antenna temperature contribution to the
ain guide tempmrature is knowm from the sky curves given in Figure 3-l,
Thess show sky temperatures for three different types of weather conditions
as a function of angle, For 32,5° from the horizontal these temperatures
are 36°K - clear, 51%K - cloudy and 128% - rain ( lmm./hr), The other
contribution to the main guide temperature comeés from a lO,lOOoK noise
source which is passed through a calibrated microwave attenuator and coupled
into the main guide via a 9.4 db direotional coupler, By varying the micro=-
wave atltenuator, accurately known noise temperatures are introduced into
the main guide where they combine with the temperature contribution from
the antemna, The resulting integrator voltage representing the resultant
main guide temperature is nulled out with the referenze voltages and the
dial reading noted., lience the corresponding calibralion curve is a plot
of main guide temperature versus reference voltage dial reading.

P

=}

During the measurement process, maximum attenuation (grcater than
50 db) is placed in the calibrated attenuator in order to negate the effect of
the noise source contributien tc the main guide temperature, Appendix B
derives an equation for antenna temperature which takes into account this con-
tribotion frowm the noise source along with the affects of noisy and lossy come
ponents on the main guide tempsrature, The resulting equaticn modifies the
existing calibration. curves, To take account of this, the lorty-seven original
calibration runs were separated into three groups on the basis of similarity
(less than 10% deviation), While the groups themselves are separated by
more than 507K, uw curve 1n any cne group ditfers from apuliwr by more than
a few degrees, In each group there is a preponderance of one of the three

56
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types of weather conditions mentiored earlier, Thc tair weather group is
composed of 4O% fair weather calibration runs; the cloudy group of 65%
cloudy runs; and the rainy group of 75% rainy runs, A representative curve
from each group was choscn and replotied using the derived antenna temperaturs
squation (See Figures 3~2, 3-3, and 3=l), if there were only three distinct
types of weather during the field program, and the sky tempsrature for each
type were accurately known and included in the calibration caleulations,

one might expsct only one universal calibration curve, However, gradations
in the degree of cloud cover and the resulting deviations introduced by
trying to classify them into three types ol wesather produced the three
separate calipration curves, These curves do not differ in slope but only
in intercept on the Y-axis., This difference is not a source of srror sipce
each curve represents a calibration that is accurate in itself and the shift
of intercept is compensated for in the data when the same temperature is
represented by different dial readings for the three groups,

In order to obbtain the target temperature corresponding to a
given dial reading, the value of 126l Lyp for that reading is picked off
the applicable curve and the sky temperature at time of measursment added
to ito
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3,2 Personnel Measurements

0f all targets used in the field program, personnel pro-
vided the least contrast with the background and hence were tha most diffi=
cult to detect, Table 3-1 lists the measurad temperaturs (T ) for each
target viewed along with its measured temperature differsntial (AT
AT, is the difference between the measured f{emperature of a target1w1th
its background and the measured tempsrature of the background alone.
The radiometric temperature of a target has significance only when related
to the environmental conditions surrounding it at the time of measurement.
Thess environmental conditions include air temperature, bype of cloud cover,
degree of shade as well as the apparent temperature of the ground and the
target position. Apparent ground temperature is also a function of tne
environmental conditions just mentioned, In view of this, and in cone
sideration of the fact that most range equations are in terms of target.-
background tempsrature diftferential, the most significant term presented
in the tables is that of AT.

At the ranges of personnel measurements (less than 50 yards)
the beam subtends a two foot diametar circle. Tt was centerod on the uppar
portion of the soldiers chest so that his helmet would be included in bhe
eam arca, Pocnunco the \“’—“'"-‘;' “‘*'\Fﬂ nE b +“'*‘Nﬁ‘| mvetranted G4 e P
ing a two foot diameter circle, the temperature measured (T,.) dres not
correspond Lo Lhe apparent Lempetdbure discussad in AppendiX A, For cerw
tain ranges in the tank runs, however, the target does completely f£ill the
beam and the measured temperature_ Tq is egual to the apparent temperature,
la,

In comparing the thres difierent views (lable -1}, it con
be s ¢cen that the side view resulted in the largest Al ., the front view
the next largest, and the prone view the smallest, This can be understood
by considering the target temperature measured by the radiometer i1s heavily
dependent upon uie amount of metal on the target, specifically the helusl,
which is reflecting colder radiation from the sky. This creates a temperature
differential when viewed by the radiometer against a hot background of earth,
In the side view, a greater heimet area 1s exposed to the dish than in a
front view, thus thc larger AT, . The prone positiocn has a smaller AT
than the front view because thé reflection of sky radiation by the hehmet
is the only contribution to the total measured AT/ In the front position
other contributions are made by other portions of “the target as well as

the helmet,

Kepeat of the three basic views at night showed almost exact
correlation with the AT 's of the same views taken during the day. During
rain runs, the greater AT of the prone view over the front view is a pro-
bable result of the solldér lying in a large puadle of water, Hence the

ATM of the prone view was increased by the sky reflection off the water,
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None of the AT 1s of the soldier target exceeded 5%. The
target f£illed more than I\'?S% of beam area and it may be zssumed that if
the beam were completely filled the AT would not be more than 7% for
even the most favorable position, a

én
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3.3 Tank Measurcments

The tank targetls, due to a large mass ol relabively high reflectivity
metal, provided sizable thermal contrasts with their backgrounds of low re-
flectivity ground and trees., These contrasts are largest when the tank com-
pletely fills the radiometer beam at the shorter ranges and get progressively
smaller as the beam area becomes larger than the tank at greater ranges and
the background temperature is integrated intc the radiometer output along
with the tank temperature,

Even though a large number of runs were taken (1/2 total number of
tank measurements) with the tank engine on, there was no noticeable effect
on- its apparent temperature from that ol the enginc off condition. This may
be seen by comparing runs (T3, T-li), (T~5, T-6), and (T-9, T-10) to cite
just a r'ew rcprosentative runs., 1In addition to data supporting this fact
obtained during the vegular tank measurements, special supplementary runs
were taken to investigate il ifurther, The resulis of thesc are described
in Section 3.bele In the [ew instances where there are substuntial differences
between the engine on-cngine off condition, the runs were taken on different
days and a variation in weather conditions cxplains the difference in the
AT, 's. Since the engine on condition had no el'tect, ihe runs wherte uhis was
Lite ouly pavamcber changed will be uned to reinforees data taken in the corres~
ponding engina-off condition it the da:a was taken on the sams day, and Lo
study the effects ol weather on the AT 'y if the data for the engine on.
engine off conditions were taken on difjerent days,

The measured temperaturaes (Tl)g apparent background hemperatures
(T.), and measured temperature differen&ials (ATI) are listed for all
tank targets in Table 3=2, In cascs where Lhe tgrget complstely fills
the beam, primarily at 50 yds, T, and AT, are equal respectively, to the
apparent temperature (T ), and the diffeMence between the apparent. teme
peratures of target andabackground (AT ), This is indicated as such in
the table, In adaition, the emvirommefibal conditions accompanying cach
temperature measurement are also listed,

3.3.1 Apparent Tank Temperatures and Differentials, R~ 50 yis,

At the S0 yard range the temperaturss measured on the pen
recorder (Tl) are equal to the apparent temperatures (T_) since the targets
completely ?ill the radiometer beam, Heace s term AT, bocomes ATa eignify-
ing the difference in apparent temperatures between the target and its back=
ground, Table 3-3 lists the AT _'s of all the 50 yd runs togcther for the
purpose of comparison, At 50 yﬁs the radiometer beam is 2-1/2 feet in dia-
meter so that three separate azimuth sweeps across the tank at 3 values of
elevation were buken, The positions of these sueseps may be seen by referring
to figures 2-7 and 2-10 where the centers of the sweeps are marked by whits
dots on the photographs, or to Figure 2-9 where the sweeps are marked clearly
on a line drawing of the tank,
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# These runs made at ranges such that T, = Ta and ATM = AT

M A*

KEY (Appli=s to Tables 3-1 and 3-2)

TM = Measured Temperature, Actual temperature measured by
radiometer, representing combined temperature of all
objects, target and background, included in radiometer
beam,

TB = Background temperature, Temperature of the background

ATM = Measured Temperature Differential, Difference between

background temperature (TB) and combined target and back-

AU Larget 83

ground temperature (TM).

T, = Apparent Temperature, Special case of TM where beam is
completely iilled by target,

AT = Apparent Temperature Differential. Difference between

background lemperalure and appacent lemperature of bLarge e

0
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Apparont Temperature Differentials (AT, ), (°%)

Front Bavk Side 3/) hear
*#T-1 Tw2 Tw7 T8 T-13  #T-lh  T-15 T.16
Sweep AN 8 37 26.5 35 6.5 5 ¥ 17
Swegp "BY 23.5 58 63.5 59 6345 38.5 61 65.5
Sweep "CU" 31.5 L3 L3 39,5 52 27 53 L8
Average 21 us Ubal Lle5 10,6 23,5 b2 L35
Itain hain
TABLE 3-3
TANK APPARENT TENPELATURE DLr1lBHITALS . R0 yds,

#NOTE: 1t can be clearly seen from Table 3~3 that Kuns T-l and T-il have cone
slderably lower AT 's for each sweep than the remaining runs, This
is because T~1 and’T-1lL were taken during a moderate rain (Lmm/hr)
while the other runs were taken either in fair or moderately cloudy
weather. Therefore, since they represent a special weather condition
they are only included in this table ror the purpose of completeness,
The discussion of the results listed in Table 3-3,that follows,will be

exclusive of these two runs, 7They will be considered under a later
Section (3.3.8), weather effects,

rheference to Table 3-3 shows that the AT _'s of each sweep for the
Lront and vack views correspond closely, as do those of side and 3/L rear
views. This is explained by the similarity in physical appearance between
views: the back-view roughly resembling the front, and the 3/l rear view
being but a slight modification of the side view, It is also interesting
to note that the AT 's for sweep "B" thrcugh the center of the tank, are the
largest of the thred sweeps and almost identical for all four views, In addi-
tion, the AT 's of sweep "A" for the side and 3/l rear views are smaller than
the corresponding ones for the front and back vicws. This is to be expected
since the bogey wheels of the side view do not have as smooth a reflecting
surface as the front of the treads, However, the sweep "C" values for the
side and 3/l rear views are higher than those of the front and back because
of the larger area of smooth turret swrface, Thus, we see in general that
smooth surfaces at an angle approximately LS5 with the horizontal (see
Section 3.4.8) becter retlect the cold sky temperatures and hence provide
larger contrasis with the background than surfaces that are irregular and at
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il
ﬁ oblique angles. The relative difference in AT_'s between differ

ent sweeps

and views may be explained solely by the preseﬁce or absence of such surfaces,

' To obtain the average apparent temperature difterential over the
entire tank the values of AT, for the three sweeps are numerically averaged
for each view, These are pré&sented in the last column of Table 3..3 and form

i the most important part of the table since they represent. the "a
perature differentials of a tank", They vary in value from L0.6

BK to US°K

parent tem-

a spread of only Lb%K. The close grouping indicates that high and low con-

trast sweeps for different views averaged out to the same value,
13% for this grouping of data,

listed in Table 3~l.

It may also
be stated Lhat the temperature diillerential between the tank and its background

is essentially constant [or all viewing angles of the tamk, the value being

The averages of the three sweeps, found in the last column

of the table, range from 130.8° to 151% exclusive of the rain runs. The total
range of apparent temperatures for all weather conditiong from fair to moderate
rain (4 muau./hr) is from 130.8% to 23306 K ov about 100K, This agrees with
the increase in vky temperature of 100K due to moderate rain as reported in

Ref, 12, Loforence

ui i

This Ls to be expected with a target of high reflectivity. It may also L3

haghest i

Lo the weollier daba ln Table -2 8Shows tnat the fairest
days produced the lowest T 's¢ while the rainy days produced bhe b

)
LS

noted that the background temperature decreases irom sweeps A to O as the radiom
meter is raised in height since more oi the horizon is included in the beam,

m

Apparent Tank Temneratures (Tg) (%)

Front back Side
T-1 T-2 1w 1.8 T.13 il
Sweep "A" 213.5 4L 173 1h6 186.5 251
Sweep "B" 199 119.5 132 118,5 27 219
Sweep '"C" 191,5 129 148 132.5 131.5 23
Average 201.3 130.8 151 132,3 148,3 233.6
Rain lain
TABLE 3-l

TANK APPAKENT TEMPELATUHES R = 50 yards

fae
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116 %
122
135

4 Kear
T.16
1Y
128.5
140
150.3
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3.3.2 Measured Tank Temperature differentials at OQther fanges
R'= 300, 500 yardg °

Tanks were placed al ranges greater than 50 yds to
ses if they wers detectable and if so the magnitude of their temperature
differential. In addition, the data obtained from these runs permitted veri-
fication and check of the range equation, derived in Appendix D, once the value
of tank apparent temperature was known from the runs made at 50 yds.

The AT,'s for the 300 and 500 yard runs ares listed in
Table 3-5. A sample calculation on the data from T-1l using eq. L Appendix D,
vields a measured temperature dif ferential of 8°K with tha background, This
compares favorably with the A‘I‘M of 7% actually measured,

Measursd Tempsraturs Differentials ATye %)
hange Front, Back 3/l Rear
, T=3 T-4 T-9 T-10 Twl?7 T-18
300{yards) 6 6 2 2 9 477
-5 b Tell  Twl2 T-19 T-.20
500 (yards) 5 5.5 7 6.5 5.5 5.5
TABLE 3-5

MEASURED TANK THMPEKATURE DIFFERENTIAL R=300,500 yards

The AT,,'s for the 300 yard runs are much smaller than
those predicted by the equation, In fact, the msasured temperature ol the
tank in run T-18 was actually hotter than the background. HKsference to Table
3-2 shows that all the remaining 300 yard runs including those with camouflage
(T-2l, T-25) and the night runs (T-36 through T-39) indicate measured tem-
peratures that are also hotter than the background. Hence, we are faced with
the unusual result that all the 300 yd tank msasurements taken show either a :
ATM smaller than it should be or even a positive AT, that shows the tank to s
be‘hotter than the buackground. Measurements taken gt every other rangs, sven
on the sams day and under exactly the same conditions as the 300 yd runs, in-
dicate the tank to be colder than the background by a AL, predictable from
tae range equation., Careful study of all 300 yd data antt photographs of the
test range revealed the cause c¢f these unusual results. The test procedurs
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used to obtain the tank measurements (described in Section 2.2) involves first
balancing the radiomster out on the target. The difference botween the two
resulting dial roadings on the reference potentiometer being proportional to

the difference in temperature between the background to the right of the tar-
get and the combined temperature of the target and that portion of the background
immediately behind it that is included in the beam, Apparently, at the radio-
meter elevation needed to center the beam on the 300 yd target, thers is a
change in background temperature as a& function of azimuth angle which does

not exist at either of the dish elevations corresponding to the 50 or 500 yd
ranges. This irrsgularity, which might be caused by the dip in the tree line
illustrated in Figure 2-16, provides a background temperature to the right of
the target that is somewhat lower than the temperature of the background immedi-
ately behind it, Hence, after balancing out on this cold portion of the background
the tank with its hotter background provided a less negative AT, than might be
expected and in some runs even a positive one. -

=
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34363 Cmnouf]'.aie Runs

The effect of placing a comouflage net on the tank was
to innrease its apparent temperature, Reference to Table 3-2, rung T-22 and
T-23, shows that the average AT was reduced by two-thirds, from a AT =27°K
to a AT = 99, by the introduction of the camouflage, This decressa®in
tempera@ure differential is a result of the net shielding the tank from the
incident sky radiation (See Figure 2-16), The positive AT's obteined at
the 300 yard range (T-2li, T-25) are explained in the preceding section, How-
ever, the relative differentials still indicate the "camoutlage on" condition
to be thc warmer of the two, At the 500 yd range the targsts are still.
detsctable with camouflage.

3.3.4 Sky Background Huns

Keference to runs T-29 through T-32 in Table 3~2 in-
dicates that the apparent temperatures of the tank were lower then the back=-
ground even vwhen the background was the sky at the horizon (See Figure 2-20).
This is a result of apparent sky temperature being warmest at the horizon.
The tank reflected an integrated tempsrature from the entire sky, which was
colder then that at the horizon, and hence, it appeared colder than its horizon
background. The temperature differentials measured are not as great as those
obtained when the background was earth or trees whose lemperatures are con-
siderably warmer than the horizon. Therefore, on a rainy day when the entire
sky is warmer, one might expect more difficulty detecting a tank againat
a sky background than against one of tress or hills, The side view, vith
its greater area of smooth reflecting surfaces, produced a slightly larger
ATa than did the front view,

343.5 Shade Runs

A smaller AT, is to be expscted between the tank and
its background if the former is in way shielded from the cold radiation
of the sky, A natural shielding effect of this sort takes place when the
tank is in a shaded environment. Since the field test was performed during
the winter months, not much shading was available, Nevertheless, the tank
was placed in & wooded area and in addition, behind an amount of follage
such that it was difficult o visually view, (Figure 2-22 pictures the
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target condition, The tank, with its driver standing atop it, is Just
barely discernible at the left of center}. Table 3.2, Runs T-3L, T-35, in-
dicates a AT of about L.5 K which is considerably smaller Luw: one would
expect if thé target were in an open field at the same range. However,

it 3s still significant to note that the tank may be detected radlometrically
even when it is all but invisible to thc naked eye,

Because of the unusual background condition at 300 yds,
described in Section 3.3.2, the night runs. which were all made at this distance,
provided positive temperature differenlials and appeared warmer than their
background, Sincc the degree of background irregularity is unknown and the
lateral postion of the tank with respect to it variable on each occasion, it
is not possible to compare the night measurawconts with those taken during the
day at other ranges. However, one may note (lable 3-2 kuns T.36 through T-39)
that they are consistent among thewselves and the AT, !'s compare in magnitude
with Lhose of some of the 30C yd measureme nts token Huring the day. From the
results of the night personnel runs (Seclion 3-2) one might expest 1itlle
change in the ATMls of a tank between day and night conditions provided the
amount oi cloud cover temalned Lhe saie,

3.3.7 Target Identificalion

Throughout, the course of the field test program,
it was noticed that on certain of the data tapes obtained thsre was a correla-
tion between the physical properties of the tank and the shape of the result.
ing curve, This is clsarly andicated in Figure 2-11 which shows sweep "AY
across the back view of a tank, The pressence of the treads on either side
of the open spacs in the bottom center ol the tank is reflected in the
corresponding curve. This occurred at a range of 50 yds where the beam is
only 2-1/2 feet in diameter. At 500 yds, where the beam is considerably
larger than the tank, Figure 2-15 snows that the same back view gives another
characteristic indication on the tape. Here, an observer might note that
the target he is viewing is symmetrical becauss of the symmetry indicatead
on the curve. Note: The curve on the left of Figure 2-15 is asymmetriecal

because the signal peak was nulled out to obtain its temperature as explained
in Section 2-2,

A slde view at the 300 yd range generates a different
shaped curve (Figures 2-21, 2-2L), The sweep is made from the back to the
front(gun points to the rear in all measurements made) of the tank, The curve
builds up to a peak slowly and then falls off sharply., This corresponds to
the shape of the tank whose cross-sectional area is small over the back, in-

creases to a maximum at the turrets and then falls off to nothing at the
front,

Thus; not only may we obtain information about tha 4i
location of target from its measured temperature but also to some extent,

identification by examining the shape of its temperature curve, The instrument
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used in the field program wus noil designed specifically for target identie
fication purposes, Howsver, some of the data obtained from it indicates that
identification capabilities might be realized from future passive radio-
metric systsins which have appropriate beam widths, uniform azimuth sweeps
and other features which lend themselves to this application,

34348 Weather Effects

According to radiometric theory, the apparent teme
perature of a target is affected by the environmental conditions surrounding
it, If the objoct is of high refloctivity, the illumination conditlon of the
sky becomes the slgnificant factor in determining its temperature. The tem-
peraturas of objects of low retlectivity are not affected by the sky condition
but are a function of their thermodynamic temperatures, During the fi€ld pro-
gram,measurements were obtained over a variety of climatic conditions to en-
able study of the effect of various weather states upon detection range,

The results listed in Table 3«2 show that changes in
air tomperaturs, rclative humidity, light conditions, time of day, and the
thermometric temperaturs of the tank all played a relatively minor role in
determining apparent temperature Aifferentials betwean the tank and its
background, In addition, it is important to note that normal changes in
cloud cover from clear skys Lo heavy clouds did nol appreciably change Lhe
sky temperature so that. the AT _'s taken during these conditions did not
vary significantly, This is 1$1ustrated in Table 3«3, The weather cone
ditions for the 6 runs (excluding the rain runs) vary from fair to heavily
overcast and yet th(gre is a spread in the average apparent temperature differw
entials of only L.L°Ke The ovnly climatic condition that was found to play
& major role in changing target background temperature differentials was
rain, As illustrated in Table 3-3, a moderate rain ( hm.m./hr) reduced the
average AL, from 13°%K to 22°K, or about 51% of its original value. This
reducbion 1n contrast is predominately caused by the increased sky btemperature
due to the rainfall, Only a small portion of tuhe reduction is caused by
attenuation by the rain of the microwave signal between the target and the
radiometer, The fact that the targel-background differential is hardly
affected by a change from fair to cloudy weather and is largely roduced when
the weather turns to moderats rain, may be sxplained ‘Lrough reference te the
sky temperature curves in Figure 3-1, It may be seen that there is but a
small difference in sky temperature batween the clear and moderately cloudy

states but quite a large increase in temperature for the moderate rain
condition,
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3.4 Supplementary Measursments

3obel Tank Warm-Up

Examination of the initial data from the tank runs
indieated that engine temperature had no effect on the apparent temperature
of the tank. Yo substantiate this result, the conditions described in Section
2.4+l were set up, The tank used was one that had a distributed type exhaust
with the combustion gasses passing through a finned area of about 9 square
feet, At the 25 yd tank range the radiometer beam was only 2 feet in diameter,
and was directed so that the entire beam was subtended by the finned area,
If there was any effect on T due to engine temperature, it would certainly
be detected under these circumstances, Thermocouples placed on the side of the
engine compartment. and on other parts of the tank indicated that the Yengine
on" condition produced little if any temperatuve rise in these areas, There
were four runs taken of this target condition, Each of them showed stable
and constant radiomoter outputs before the tank engine was turned on, and an
immediats rise of between 3K and 70}(9 above the balance point for a cold tank,
after engine ignition, this small cise lu lemperaluce disbeibatcd cror Uk
exhaust, araa (only 9 square feet) was not of sufficient magnitude to effect
the apparent tank temperature at ranges greater than'25 yds and did not have
a notlceable effect on the rcgular tank measurements, Theoretically, this
temperature rise should disappear after the tank engines have baen turned
off. However Lhe two hour period of time required for this cool-off was
longer than the stability period of the radiometer, and shifts in the bal-
ance point prevented the verification of this expected result,

3.h42 Tank Rotation Runs

Hotation of tha tank at a range of 100 and 300 yds
indicated that both front and back views gave similar contrasts with their
background and were the minimum of any view, The 3/L view gave the greatest
contrast being about 1L larger than either the front or the back, Figure
2-25 indicates the profile obtained at the 100 yd range. The signal from
the back view does not drop to the front view level in this tape, because
the speed of rotation had to be incrcased in that position in order to pre-
vent stalling. This tape clearly indicates that the signal from the 3/L
view is the largest while the returns from the sides are intermediate bet..
ween the front and 3/L view signals. The 300 yd rotation run, (Figure C-£)
vas taken at a constant tank rotation speed and nlearly indicates identical
temperatures for the front and back lLauk views.

3+he3 Truck Runs

The 2 1/2 ton truck was the largest target viewed with
the radiometer. It had vertical sides and its only curved surfaces were the
front hood and the front fenders., Table 3.6 shows the T,, T, and AT, for
this target, Reference to Figures 2-27, 2-28 and 2-29 shows that the truck
apparent temperature differentials at 50 yds varied widely with the surface
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within the bsam, In the side view, large signals were obtained from the curved
front hood and front fender while smaller differentials resulted from the wheels
and the vertical main body.
surfaces, produced unilormly high AT_'s, The elevation positions of the four
azimuth sweeps are indicated by the %ape marks in Figure 2.26,

Ihe front view, with its large proportion of curved

%gn Target Condition TM TB ATM Weather
) oK) k) k)
S-3 Side View, W50 yds, %Sweep "A" 176 186 19 Cloudy
Sweep “B! 166 186 20 Overcast
Sweep "CH 176 188,5 12,5
Swegp "D 169.5 192,65 23
S-l Front View, R~50 yds #Swcep "AM 176,.5 186.5 10 Cloudy
bweep VB L5 65 18605 28,5 Uvercast
Swoep MGV 165 189,522,
Sweep D! 168,.5 189 20,5
5=5 Side View, R=300 yds L5 162 17 Sunny o
Clear
56 Front View, R=300 yds 153 160 7 Lt of
ST Side View, R=500 yds 152,5 167 8,5  Snow on
5-8 Front View, R~500 yds 156,5 162 55 Ground

TABLE 3-6

TRUCK MEAS UREMENTS

# For these runs, range is such that TM m 1A and.ATM = ATA.

At 50 yds, the average AT_ for the side view is 16,4°K and that for the
front view is 20.7%. For the“300 and 500 yd ranges, however,tne side view
gives a largsr measured bemperabure differenbtlal bacause
surface area (See Figure 2-30),

In the truck rotation runs, performed at 100 and 300 yds, the 3/L rear
view made the grecatest contrast with the background, exceeding the front and
back views by 20°%K (Figure 2.-31, C«6), The side view gives a AT, about half.
way between the maximum of the 3/l rear view and the minimum of %he front and
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back views,

3.L.t Jeep Runs

Table 3-7 lists the T ; AT  and T
at the 50 yd range. The slevation positidns o
in Figure 2-32.

B of the Jesp target
% the azimuth swaeps are shown

Run No, Target Conditicn Té1 TB AT Weather

(oK) (°k) (oK)

516 Side View, Sweep "AM 16k 181.5 17.5 Cloudy
Sweep HB# 17545 18145 6 Uvercast

5-17 Front View, Sweep "A" 157.2  178.5 21,3 Cloudy,
Sweep "B" 159,5 181 21.5 Overcast,
TABLE 3-7

JELP MEASULEMENTS, R= 50 yds

As in the truck runs, the views with the grcatest amount
of curved surface provided the largest contrast with thair background. Hence
Sweep "A' of the side view and both sweeps of the front view have large AT 's.
Figure 2-33 shows the signal,which is at a low level along the canvas portg'cn
of the body, rise to a peak when the curved front hood is reached, The rotation
runs, performed at 100 yds, indicate the largest AT, to come from the front of
the jeep, the smallest from the rear, with the sides occupying a position mid-

way between the two extremes., The differential between front and back views is
10°K {See Figure C-~8),

3.4.5 Napalm Fire kuns

I o O‘The apparent temperaturs of burning napalm was found

to be 320°K, or 147°K hotter than the background temperature of 173°K (Figure
2-34). This measurement was obtained at a range of 25 yds from a burning puddle
of napalm, It is interesting to note that as the fire reduced in intensity
the radiometer retflected this by gradually drifting to a cooler unbalanced

condition after being balanced out originally on the hotter fire. A larger

Pt 11 =7l -
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fire at a range of 100 yds from the radiometer gave a AT
smoke from the burning napalm had no effect on the AT o
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, of + 15%, The
&’ a tank placed behind

it. The AT_ from the tank was 66°K both before and a¥ter it had been com-
pletely obs@ured by the smoke (Figure 2-35, 2-36), A six second burst from

a flame thrower was detected by the radiometer and found to have a AT, of
However, the beam was not filled by the fire and Igherefore
this is lower than it would be for an apparent temperature differential,

7% (Figure 2-37),

In addition to indicating the apparent temperature of napalm,

these measurements served to show that targets which are hotter than their
background are detectable with the radiometer,

Table 3-8.

rain reduces the AT, of a lank the most.

3.h.6 Snow, Fog and Rain Runs

The effects of snow, fog and rain on the measured tem-
perature differential of a tank target at a range of 300 yds are listed in

Tt can readily be seen that of all adverse weather conditions,
Snowfall and fog raise the sky tem=

perature very little and hence do not have an important effect an the contrast

botween the tank and the background,

Because of the relatively short target

distances, the predominant cause of contrast reauction is an lncteasad sky

temperabure rather than attanuation of the microwave

range, See Figures 7-38 through 2.4,

signal over the detection

Tank

Weather Target Condition TM ’I‘B ATM
(°K) %) (°k)

Snow Side View 131 3 12

(Moderate) Front View 133 140 7

Fog Side View 129 142 1

(Visibility

= 150 yds) Front View 133 2 9

Rain Side View 198.5 202,.5 L

(4mm/hr) Front View 199,.5 201,2 1.7

TABLE 3-8

SNOWl, FOG AND KAIN MEASUKEMENTS, R=300 yds

TANK TibGET
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347 Tank Views From Cherrypicker

The results of viewing a tank target from above ground
level at angles approaching 145° are significantly different from those obtained
at ground level, The physical properties of this new situation provide an
explanation for the difference. A much greator tank surface area is now exposed,
25 M“ as compared to 10 M¢ from ths ground, A large percentage of this area
is flat and smooth and any energy reflections from it to the radiometer come
exclusively from the sky. On the ground, howasver, the tank aspect angle pre-
sented many vertical and irregular surfaces which could reflect ground radiation
into the radiometer as well as radiation from the sky. Also, fram an elevated
position the background is comprised entirsly of ground whereas previously it
contained. part of the horizon, -All these factors lead to prediction of a
greater targst~background contrast when the radiometer is in an clevated position
than when it is at ground level, The measurenents listed in Table 3~9 indicate
this to be the case,

SIDE VIEW FRONT VIEW
Aspect Angle T\ TB ATN TA TB ATA
(Deg) k) (%) (°K) (°x) k) (%K)

10 80 182 102 97 73 76

20 97 184 87 56 172 116

30 79 -188 109 86 182 96

Lo 80 188 108 59 182 123

TABLE 3~9

TANK TEMPERATURES Fh(M CHERRYPICKER

Plctures of the eqplpment set-up and a view of the tank
from an elevation angle of 45° are found in Figures 2-42 through 2~45. The
temperature differentials listed in Table 3-9 do not represent an averags
over the entire tank but only one particular spot, Lack of field Lest time
prevented use of the sweep procedure employed when the radiometer was on the
ground, However, it is interesting to note that the highest AT_ obtained
from the ground measurements was 65°K, whereas the largest rea of the
measurements taken from the air was 123°K The results described in the next

section lead to the expectation of even greater differentials when the radio-
meter is at a L5©
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elevation angle with respect to the tank, During elevated measursments, fluc-
tuations in ground temperature were noticeably less than those encountered

at ground level, This quieter emission is a probable result of mors uniformity
of background due to a smaller intercepted area than at ground level and also
the absence of variations along the horizon due to vegstation and sky con=-
ditions,

The cherrypicker was also used to determine the maximum
detection distance of a tank target. The tank was detectable to a range of
1150 yds. The day that this measurement was taken was quite windy and the
cherrypicker basket was blown about considerably thus causing difficulty in
taking the measurement. It is expected that greater detection ranges could
have besn obtained under more faverable weather conditions.

] 9] 1. _ e .- - -~ o e
3.4.0 lelercence Surfacc luns

The appare
material reference surface tak
listed in Table 3-10.

nt temperaturaes of the microwave absorbing
en at varying intervals during the program are

Run No, T Ref. Temp. Weather
B (%)
(°K)
T-17 208,5 219,5 Cloudy, Overcast
T-9, T~10 186.5 197 .5 Cloudy, Overcast
T-19’
T~20 157 164 Sunry
T=5,T-6 136.5 1h5 Cloudy, Overcast
T-11
712" 195.5 205 Cloudy, Overcast
Table 3-10

SCME REFERENCE SURFACE TEMPEIATURES
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The effects of wet and dry mud on the Ta. of the aluminum
reference are shown in Table 3-11,

Target - Condition - Weather - Clear T, (%)
Microwave Absorbing Material 195
Plain Aluminum 88
Aluminum with 1/16% thick dry mud coating g6
Aluminum with 1/ " wet mud coating 168
Grouad 175

TABLE 3-11

EFFECTS OF MUL UN RIFBRENCE SURFACE TEMPERATURE

Both wet and dry mud reduce the reflected radiation from the

sky..,

Varying the angle between the aluminum referencs surface and
ground indicated that the greatest sky reflection occurred at an angls of
Ls50

.

344,59 Audio Modulation Run

The set-up described in Section 2,L.9 indicated that there
was no apparent audio modulation of the microwave signal from the tank caused
by the vibrations of the engines,
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L. CONCLUSIONS (;17 P ENAG A

1. It is possible to detect most battlefield objects with a microwave
radiometer, This is true because the targets have a higher reflectivity
than their background. They present a contrast with the hot background by
reflecting the cold radiation from the sky, Targets included in this group
arae tanks, personnel, trucks and jeeps.

2. Most weather conditions have little effect on the capabilities of
a microwave radiometsr to detect battlefield targets., Fog, snow, and heavy
clouds do not appreciably effect the target-background contrast, Moderate
to heavy rain, does, however, degrade the performance of the unit dus to a
large increase in sky temperaturec.

3. Tank targets are still detectable by the radiometer even when coverad
with camouflage; obscured by smoke, hidden by vegetation or apgainst a sky
background, However, the contrast between target and background is reducsd
from that of an unobstructed view.

L. Some typical target-background apparent temperature differentials are:

Yy

V,.a —
Soldier - full batile dress 7%k colder than background
lank L3°%  colder than background
Truck 20°%  colder than background
Jeep 21%  colder than background
Napalm Fire “147%K hotter than background

The engine temperature of a tank has no significant effect on its apparent
temperaturce.. .

5. Use of the above figure for a tank in conjunction with the radiometer
range equation and the state~ofe-art in equi =ent, indicates a tank detection
range in excess of 3000 yards for a ground based radiometer,

6. Preliminary measurements indicate the distinct possibility of using
passive microwave radiometry for short range homing missile guidance or for
terminal guidance at longer ranges., A large increase in target-background
contrast over that for a ground based system wus observed when the radio-
meter was placed in a cherrypicker vehicle at elevation angles approaching
150 above the tank, In addition to contrasts up to 123 %K obtained in the
elevated position, fluctuations in ground temperature are less than those
encountered at a ground level,

7+ The field program indicated that target identification through radio-
metric means is possible. Correlation between the physical shape of the

C@NFHDENTHAL




vl

'

N

CONFIDENTIAL

target and the shape of its temperature curve showed the identification as
well as the detsction potential of a passive microwave system. An incrsased
capability in this area might be realized from future systems which have
appropriate beam widths, uniform azimuth sweeps and other featurss which
lend themselves to this application.

8. Passive guidance studies conducted at GPL indicate that a micrawave
radiometer has a slight advantage over a similar IR device for the detection
of vehicles on a clear day, and would have a much larger advantage under
more seversa weather conditions.
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5. RECOMMENDATIONS U onn, bt bl o bt otk

. - .
1. Passive Guidancs 714/44*‘~ —

Line ~of=5ight (L0S) - Tank background contrasts measursd in the field
program indicate that use of radiometric line-of-~sight guidance for a short
range anti-tank missile is feasible, Kill ranges up to 800 yards could be
expected with a system using stata-of-the-~art components. The missile would
employ the radiometer for homing guidance and need only bc aimed visually at
the target to insure leckeon within the 800 yard range,While the data on
hand indicates basic system feasibility, further study of tactical requirew

-ments and technical trade-oifs would be neaded.

Out of Line-(0f-=Sight {ULOS) - For tactical situations where the tank
target is bgyond the direct line-of-sight, preliminary data suggests that
radiometric means could be used foi Lerminal missile guidance. Targeti«backe
ground contrasts, which mcasurcments indicate a double in magnitude to those
obtainable in a line-of-sight situation, show that a missile launched on a
hallistic path would be able to use these contrasts to enable course correction
in the final phasc of guidance, The incrcasc in contrast is due to the greater
elevation angle associated with a long range ballistic path missile as opposed
to the small attack angle associated with o short range $lat trajectory
missile, To lurther invesltigate the contrasts that would be presented by
targets Lo a missile borne radiometer, it is recommended thal addibional
field tests be performed with the radiometer in an elevated position,

Recommended Ficld Program - The fiecld program just completed has
indicated that there are large contrasts betwcen tanks and their backgrounds,
and has measured the corrssponding apparent temperature differentials, Cale
culations using these differentials in the rader range equation indicate the
feasibility of both 1.0S and OLOS missile guidance using radiometric means,
However, the field test described herein only provided thc basic temperaiure
contrasts and indicated the desireability of further study. Now that this
first general step has been taken, additional tests ars needed to investigate
lield conditions specifically related to the missile guidance problem, Hence
it is recommended that a twelve week field study be instituted to obtain
data that will be required for a detailed evaluation of the passive guidance
concept. The program will be planned so as to combine investigations of field
conditions pertinent to both LOS and OLOS guidance modes,

dome sugpested arcas of investigation with the radicmeter nounted in the
cherrypicker follow:

Measurement of apparent target - background contrasts at elevation
angles appropriate to simulate the angle-of-attack of both a "flat" trajectory
LOS missile and a "ballistic! trajectory OLOS missile, Targets would be
viewed from different aspect angles (e.g. front, side, 3/L rcar). Measurc-
ments would be mads of tanks, trucks, bunkers, buiidings, roads, and
concentration of troops,.

Use of multiple targets, such as two adjacent tanks, tosee the result
of the combined contrasts in an efiort to determine the ability of the
missile to discriminate between them.
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Rain has been shown to be the only atmospheric condition to have )
a sericus effect oh targest-background contrasts, Hence, dctailed measurements

under this weather condition should be taken to specify exactly its bearing
on the effectiveness of any future guidance system,

Various reports suggest an increase in target-background contrasts
through the use of horisontal polarization, Therefore, part of the field
program should study the comparative merits of each type of polarizaticn.
This data would be essential 1f the missile were not roll stabilized and
the polarization were to chanye continually,

The effects of countermeasures and spoofing would be studied in the
course of the field test. Water puddies, wire mesh and microwave absorbing
material, would be used Lo simulate the effects ¢f natural and man mads
conditions on the effectiveness oif a passive guidance system,

A ucuailed s Af the radnmntl aAandaraad o

ths natural conbrasts inherent in any backgroun

situation would bb needed in evaluating a passive guidance system. The
magnitude of the natural contrasts between land. water, herd packed earth,

grass and trees compared Lo the targeti- Jackground contrasis in each of these
environments should he detnrmiped thrmgh field test, measniroments,

The points on a target {rom which the coldest signal is scen in cach
of Lhe attack angles for a LOS and OLOS should be determined.

In conjunction with the Ammy, various realistic tactical situations
should be established, such as figld measurements for a tank under con.
ditions of complete and partial shade, or with a tank in woods and under
shrubbery, so that the resulting contrasts could be considered in deter-
mining guidance system effectiveness,

2, Passive Surveilance and Dctestion

The data obtained from the field program just completed has also in-
dicated the feasibility of passive target detection. Calculations indicate
that tank detection ranges in excess of 3000 yards could be achieved with
a system furnished with state-of-the~art components. Such a unit would
be at its best advantage when maximum security from enemy detecuion is
desired and/or when operatlng under adversa climatic conditions (snow,
fog, rain, etc.). It is recommended that further study be given to this
applicatlon to examine the operational rcquivenents of such a detection
system in conjunction with the tactical situations involved.
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3. Procedure for Future Field Programs

Tank targets should be driven into and out of the beam in order to deter-
mine their AT_ instead of the beam being swept through a stationary target.
This will pre¥ent a background with temperature variations as a function
of azimuth angle from causing srroneous contrast rcadings.

The method of calibration should be changed 0 one that uses both a hot
and cold reference source, While no errors in AT_ were introduced by the
sky calibration used in this field program, uncertainties in sky temperature
created errors in the determination of absolute apparent temperature.
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APPENDIX A

BASIC KELATIONSHIPS IN MICHOWAVE RADIOMETEY

1. APPARENT TEMP:IATURES

Energy emanates from all objects in the universe that are abcve a
temperature of absolute zero, This release of energy is due to the random
motion of the objects particles, If the temperature of the body is raised,
the particles move more violently and more energy is emitted., Hence, a

body at a particular temperature will emit. more energy than the same body
at a lower temperature.

The energy released takes the form of electromagnetic waves, which in
the case of solids and liquids, are of every frequency in the spectrum,

In our application, only the microwave portion of this frecuency spectrum
is of inbterest.

No perfect emitter(black body) exists in nature; all are imperfect
to some extent because they reflect some of the energy incident upon
them, The quality of the emittor is measured in terms of its emissivity
€ , Dmissivity is mainly a function of the surface properties of the
object, It may be defined as the ratio of the energy emitted by the body
o the energy emitted by a periect emilier (black body) at the sama teme
perature, To a flirst approximation,f is constant independ<nt of [reguency
or temperature,

Measurements have indicated that the microwave signal from a target
depends not only on its self-emission, dependent on € , but on the re-
flection by the target of the energy smitted by its surroundings which
is dependent on its reflectivity, @, is defined as the ratio of re=~
flected energy to inclident energy.

Thus, the microwave signal coming from a target consists of two
parts; namely, that emitted by the target due to the thermal motions of
its own molecules, and composed of radiation from surrounding objects
reflected by the targst, The magnitude of the first of these two signals
depends upon the temperature of the target surface and upon its smissivity,
as explained previously., The magnitude of the second signal depends upon
the target!s reflectivity, and upon the effective integrated temperaturs
of the target's surroundings. This may be cxpressed in equaticn form as
follows:

Ta=ETt +Pls

wheres Ta. is the apparent temperature of the target

€ is ity emissivity
Tt is its thermometric temperature
P 1s its reflectivity and

Ts is the integrated tempsrature of the surrocundings

0
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Thus, to obtain the apparent temperature of an object experi-
mentally, careful consideration must be taken of the atmospheric
and environmental conditions around it, since these determine T , the
intograted temperature of the surroundings, in the above equatign.

2, SENSITIVITY OF TIIE SWITCHED KADIOMETER

The form of the signal emitted by a gray body is, over practical band-
widths, flat, random noise, the overage level of which depends upon the
equivaleni. black body temperaturs of the source. The level of this noise
is quite low for most terrestrial targets being in the order of L x 10-15
watts per megacycle, The noise generated by the detection and amplification
portion of typical microwave receivers is many times larger than this number,
Thus, the detection of noise type signala at the antenna is limited by the
noise figure of the receiver, Furthermore, to be of practical use a radio-
meter should have the capability of detecting small changes in antenna noise
temperature (less than 1K), Since the valus of FTo (F-receiver noice
figure, T = 290%K) is generally above 2500, amplification within the re-
ceiver mudt be stabls to one part in several thousand te detect a change
of 1% in the antenna temperature. This limitation is overcome through use
of a switched radiometer at the expense of a decrease in sensitivity (nor-
mally 3 db),

A block diagram of a switched radiometer 1s shown in Figure nw-l .,
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As previously mentioned the input to the detector is normally subject
to considerable fluctuation due to random variations in amplifier gain and
also systematic variations dus to power fluctuations, ripple, etc. To make
the receiver insensitive {0 these variations, a convenient method is to
rapidly switch the receiver betwsen the antenna and a source of stable tem-

perature at a frequency higher than that of the gain variation and fluctuation
spectrume.

The cutput of the detector is then passed through a bandpass amplifier
and a synchronous detectorj; the output then being applied to a low-pass
filter, The difference between the received and reference signal is then not
affected by low-~frequency gain fluctuations, This technique was first used
in a radiometer by H.H. Dicke, in 1946, If the signal is switched (or amp-
litude modulated), with the switching frequency low compared to the bandwidth
of the signal, half of the signal power is lost when the modulating function
has a 50 percent duty ratio. Therefsre, when the antemna is connected to the
receiver, the input to the detcctor becomes 50/2 + Noo When the anlenna
is disconnected, the input to the detector is simply NO.

The temperature resolution AT min for the square wave switched radioe
meter is developed below,

The pesk-to-paeak square wave signal output from the microwave detector
is KBAl where AT is Lhe tempsrature differencs betwsen the antenna and the
raefcrence source and B is the acceptance bandwidth of the amplifier. Upon

filtering this system at the fundamental switching frequency, a sine wave is
obtained with an rms amplitude equal to:z

KBar — x
7] T

X L. sz KBAT
7

The output current of the detector iz given by tice¥ and for a one ohm
impedance level is squal to

I = KBQ (F)+) (dwe)

+ K [TO (F-1) +7 \) 2bB " (a=r)

The a-c term is the rms current corresponding to the nolse powsr in the
post detector bandwidth b, Allowing T to equal T + AT (assumes the referance
temperature at T a8 was the cess in the field progran):

Ia-c = K[F To + AT] V2uB
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Since F To>% AT
Tawe B KF T, @B—
The ratio of signal to noise power at the filter output is therefors:
2 52 2 2
m
s/N = ( 2kC B" AT ( 1 BAT

- ) =
" k2 o7 oa bB " FoT °2b

The d-¢ signal-toe-noise ratio at the output of the phase detector is
twice that of the input due to the presence of a larger carrier signal at the
switching frequency, The resultant signal-to-noise ratio is twice that abave,
Allowing for this and setting the S/N ratio equal tc unity the following

result iz obtained for AT, the system sensitivity:

AT = X pT
- o)
[

‘JJ[U

Since the receiver is a superhetrodyne type and accepts input radiation
above and below the local oscillator frequency the input signal power iz
twice that of a single channel receiver. Hence,

n - b
AT & —— I‘[‘O T-

o2

vhere F ii the single charmel noiss [igure, b is the post detector band-
width ( e ) and B is the r-f bandwidihe Substituting ror b:

whers T = RC, the post detection time constant,

# S.R, Hice, "Mathematical Analysis of Random Noise", Bell System Technical
Journgl, January 1945,
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APPENDIX B

DEKIVATION OF THE ANTENNA TEMPEHKATUKE EQUATION

1, INTLODUCTION

This appendix will be concerned with the eguation to be used in deter=
ming apparent temnerature with consideration given to noisy and lossy components within

the radiometer instrument. These include all components prior to the balanced mixer
and arc shown in the block diapgram below,

ANT

O!REGT COUPLER  j—em|  MODULATOR . BALAKGED
> MIXER
1

ATTENDATOR

1

NOISE
l SOURCE

All components with tha except%on of the noise source and antenna will
he assumed at a temperature of 290°K, The antenna temperature will be de-
noted by T, and the noise source temperature will be taken as 10,100 K since
it was alwdys on during the measurement process,

The block diagram shown sbove will be broken down into terms of losses
and temperatures as shown below.

Ta
alo 3

! om by miv el AL
MIXER

nstar

NS

Su




The following terms will be used in the equations to be derived:
TA - antenna noise temperature
ALD - Loss betwsen the antenna and dirsctional coupler

ATLD - Loss between the attenuator and directional coupler

Ly ™ Atitenuator loss

NSLAT_ Loss between the nolse source and the attenuator

TNS ~ Noise source temperature

DLM - Loss beiween the directional couplar and modulator

IM ~ Modulator Loss

MLBM - Loss between the modulator and the mixer

2. CALCULATION OF NOISE CONTRIBUTIONS

The contribution of noise at the mixer input due to the various sources
shown above will be calculated. Assuming all components zre linear, the con-
trolling bandwidth will be that of the balanced mixer,

2.1 Noise at Input U of the Directional Coupler
The noise power from the noise source is:

Pyg = KT watts/cps

NS
The noise powsr at the input to the atitenustor is:
Py = Byg yglar + K (290) (Qmyglyg)

At the sutput of the attenuator the nolse power iss

P, = Pl LAT + K(250) (1-LAT)




The noigse power at input 4 of the directional coupler is:
Py = Py poly + K(290) (Qwylp)

{-[K Tys wstar * K(290) (1= wsbar) st K(290) (l-LAT)}

( -
atdp * K(290) (1 ATLD)

Py = Klys nsbar Uap aplp + K(290) (1~

NS AT) LAT ATLD

+ K(290) (L-lyq) ,qplp + K(290) (-p

2.2 MNoise at Input 3 of the Directional Coupler

The noise power at the antenna input terminals is

PA = KTA

The noise power at input 3 of the dirsctional coupler is:

vm ”

™ T {0
r by SN N L T n
b A ATD Ve

\ T

Gy (e LS
V) oA AD)

2+3 Noise at Input 2 of the Dirsctional Coupler

Py = K (290)

2.4 livise at Output 1 of the Directional Coupler

The directional coupler can be represented as shown belows:
3

!

flhs O—4 4 L 0 Ppg
4 3} XA 2

P3 O—— L4 \ Lz i O 95

Lossless Coupling

The coupling tactor {lossless) batween terminais L and 1 will be

denoted by C and the directivity betwcon terminals 2 and 1 will be denoted by
D,

96




SHE  CENE e

S

The noise power at output 1 of the directional coupler is
thersfore:

Pg = [P Ly (1-c) + K(290) (1-L3) (=)}, +

[Py + K (290) (l-Lh)] CL, +

[P5 L, + K(290) (1-L2) 1 DL, + K(290) (1~Ll)

Po = KIy yLpDLgly (1-C) + K(290) (1w 1y Lyl (1-0) + K(290) (1-Ly)(1-0)L,

* Ko nstar L ap artp by Gy * K(290) (Loygly) Tug pqlp Iy, Oy +
K(290) (3-Ty) O, + K(290) (-Lyn) (olp Iy CLy +
K(290) (1my B 1,01y

+ K(290) L,DL + K(290) (1-L,) DL,

+ K(290) (1-L,)

2,5 Noise at the Input to the Modulator

Py = Py ply + K(290) (l-DLM)

2.6 Noise at the Output of the Modulator

Pg = Po Ly + K(290) (l-LM)

= Pg ply Iy * K(290) (1-jL) Ly + K (250) (1-L,,)

Since the noise contributions after the modulator are common to
both the antenna and reference temperatures during measurements they may be
considered part of the receiver noise and need not be considered heras,
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3. CALCULATION OF LOSSES

The theorstical attenuation of RG 96/U is approximately 18db/100
feet. In practice the attenuation will be somewhat greatsr, therefore
a value of 20 db/100 feet or 0.2db/ft will be used.

L o2 X 3.5
NSTAT = _lT— = 0.06 db = 39863

ATED = -;Z_ii%E;_ = 0.19 db = ,9572

L = -2115

A™D = 0,25 db = ,9Lhl
12

2 % 1.5 - -
Lh e 0,025 db - 9943

.2 x 1.0

1 = 250 a7 @ = 9961
Ly = ~P X2 U b = L9982
L, = _;§_§§l:9 = W17 db = ,9961

DM = 0db = 1.0
G = 9.y db = L1148
D= 25 db = .00316

_ - R
Tyg = 10,100°K

Substituting lhese values into the equatien for PB the following
equation is obtained:

Pg = K [0.83 Ty = 1050 L,q - 239.5] Ly + 290 K

When measurements were taken during the field program the atisnuation
(LAT) was set at 50 db, The value of PB for this condition becomes:

PBM = K![O.SB T, - 23945 ] Ly + 290 K
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The modulator is alternately switched between an on and off state,

being 0.8 db in the on state and 38 db in the off state. The value of Pg
for these two conditions is given below:

|

P8M (on) = K [.69 T, + 91]

Py (off) = X [.00013 T, + 299
M

The receiver output is a measure of the difference in these two quantities
and is therefore proportional to

AP8M = K (.69TA - 199)

During calibration the modulator of course is also switched between an

Llg of 0,8 db and 38.0 db. The valuc of P8 during calibration for thesc two
conditions is accordingly:

P, (on) = K [0.69 T, + 873 L
8, A

g
ar ¥ 91

Pec(()i‘i‘) = K [400013 T, + .17 Lyq + 250]

The difference mesasured by the receiver is therefors:

APBC- K (469 T, + 873 Lyq = 199}

L. APPARENT TIMPERATURE EQUATION

During the test program, the antenna was pointed at thc sky during cali-
bration anu at the target obJect during measurement. The temperature difference

wes obtalned by effectively changing the setting of LAT to null out the differsncs
in noise power to obtain:

APBC = APBM
or .69 TS + 873 LAT = 069 TA

when Ts = sky temperature during calibration

99



TA = antenna temperature during measurement

TA s+ —%9 Lyp
= T + 126) LAT

In practise, L,, was not varied but instead a IC voltage was used to
null out the output Mg the phase detector, Calibration runs of a dial reading
corresponding to the null voltage versus settings of L A Were therefore taken
to enable calculation of T in the above squation,.
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APPENDIX D

TEXIVATION OF ANGE BQUATIONS

A range equation mey be derived from the proper combination of
fundamental relationships to show the range psrformance of a given radio~
meter for an assumed target.

From fundanental radiometer theory:

b '
AT min, = KFI ° \) —*—-B-‘- (Eq 1)

Where: AT min., - the minimum detectable temperature differential (OK)
To = 290°K
F - receiver noise figure (single channel)
b - post detection bandwidth (cps)
B - T-F bandwidth prior to deteclion (cps)
Where: Ta - target apparent temperature

At - target cross sectional area

Ab -~ beam cross sectional area,

The effeclive temperature of a target against a background with tem-
perature Tb is given by

A (A, ~A,)
t b "t
Teq = Ta( -——Ab ) + Tb Ab (Eq 2)

The temperature difference between Teq and 'l‘b is defined as A T.

ol = (Teq"rb) (Eq 3)
At
Thus: AT = 1;;— (Taer) (Eq )J)
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Rearranging: A

A, = (Tm) (B 5)

The area Ay at range R is given by:

2 2
n"R o
S e Y
Hearranging:
LfF,
o= ey~ (Bq 7)

e

Where 6 is the 3 db antemna beamwidth in

radians and is generally small so
that {an 0% 0,

Combining kEqs b5 and 7

I Ay (lTa-‘l‘ﬁ)

o 2 AT (Eq 8)

It =

If AT is mads squal to AT min., then

Ly Ay (lTa~Tb!)
[
"ot KR TN

kesarranging the equation,

1/2 - 1/2 /L
oL L a b P2 r g 5 10
"R | KR, T T Eq

If an R-C filwer is used, ths pcst
(Reference 8),

where <t is the time constant of the low pass RC ecircuit.

R = {Eq 9)

detecticn bandwidth b 1 equal to —]’j-;

For a square wave switched radiometer of the type used in ths field program
K = 1,57 (heference 8).
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2 AT T | M
L8 x 107 “4'a" b
Therefore: R = 7ok )e( [ ; ] .« [B,] (Eq 11)
converting: A % from square yds. to sq, meters
8 from radians to degrees
B from cps teo mc,
1/2 1/h (BEq 12}
RV B il L 5 ]
0 F -

Whers: R = rangs in yds.

‘At = target area in square meters

Tas apparent target temperature in degress Kelvin

Tb = background temperature in degrees Kelvin

¢ = antenna beamwidth in degrees

F = receiver noise figure (single charinel)

ot
=
|

pre-detection I«F bandwidth in m.c.

a
8

time constant of low pass R-C filter in sec,
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ol Michigan, Ann Arbor, "rield Measurements of
Passive HMicrowave Radlation", by 8,T. llarmon

and W.E. Vivian, Janwary 1960, (Ssecret)

AD 26 568 . Sperry, "On an Investigation of
Passive Hanging Techniques for Microwave and/or

Submillimeter Surveillance Radiometers', Dec, 1960
Unclussified

AD 243 229, AVCO R apnd Adv, D, Div, "A Survey of
Microwave Hadiomsters with Terrain Mapping
Applications", Ronald A. Porter, Morton S.
Parker, August 1960, AF BMD, Unclassified

AD 2L5 122, 3,k4, ete, Ohio State Univ., "Study

of Thermal Microwave and Radar Reconnaissance
Problems and Applications, 1960, WADC - Unclassified
AD 315 60L, Wiley Elec,, Flight Tests of Kadiometer
Mapping Sat AN/AAR-2L - 8.5 kme - 1960, WADC
(Secret)

AD 120 B66, AFCKC 1956, "Thermal Mapping Experi-
ments", (Secret)
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22 AD 305 20L, Royal Radar Est. G.B. Passive
Detection at Q-Band, Some further Observations =~

C.R. Datchfield and T.S. Englund (Secret) 155
also AD-151-318




ADDENDUM

Type of Camouflage Net.

Type

1080~252-783L

Net Camouf. Ctn, Twn.

Net Set 2 M2 Main 29x29 Desert
1 each

A/A-111-2/62

Wt. 70 Cf 7

of Microwave Absorbing Material

Emerson and Cuming, Inc,.
169 Washington Street

Csanton, Massachusetts

Recosorb OV ~ j0 db down microwave absorber - 014 refleciion

raf, tech. bulletin 8-2-1h

holew LN 39 from lower end of & bhand thru Ka band insensitive to
noident angle, s
1icht weight artifical dielectric loaded flexible foam - vippled,
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DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND
ARMY RESEARCH LABORATORY
ABERDEEN PROVING GROUND MD 21005-5066

AMSRD-ARL-0-I0-SC (APG) (380) 4 October 2005

MEMORANDUM FOR Defense Technical Information Center,
ATTN: DTIC-BCS, 8725 John J. Kingman Road Suite
0944, Ft. Belvoir, VA 22060-6218

SUBJECT: Distribution Statement - Ballistic Research Laboratory
Contract Report, GPL Security No. P-04295-C-10-B

1. =zeierence: Ballistic Research Laboratory Contract Report,
GPL Security No. P-0429-C-10-B, “Radiometric Signatures of
Battlefield Targets”, Seaman M. Seelig, General Precision Inc.,
Pleasantville, New York, April 1962, UNCLASSIFIED, AD no.
353793.

2. Subject matter experts and the Army Research Laboratory
Security/CI Office have determined that the subject report may
be released to the public. Request that you mark all of your
copies of the document with the following distribution
statement:

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

3. Please direct your questions to Mr. Douglas J. Kingsley,
telephone 410-278-6960.
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'l COWSmAL CE L. “BERRY

"¢’ Team Leader
Security/CI Offlce

Printed on @ Recycied Paper



