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Ground Temperature
and Thermal Infrared
The change in minimum resolvable temperature difference with

target temperature depends on the type of detector in the system.

INTRODUCTION

I FRARED LIKE-SCAN imagery has become
increasingly important because of its

ability to provide information not readily
available through other remote sensing tech
niques. Thermal data derivable from such
imagery have been used, not only for the
detection and measuremen t of such obviously
temperature-related phenomena as coal refuse
pile fires,l thermal water po!lution,2 and
active geologic processes,3 bu t also for struc-

appearance of and the information contained
in the infrared imagery.

IMAGING SYSTE~t THEORY

SIGNAL GENEHATJON

Line-scan imaging systems have been de
scribed in previous papers. 8 •9 The only
characteristic of importance here is the man
ner in which thermal information is obtained
by, and processed through, the system. In a
few instances, the system output depends on

ABSTRACT: Infrared imagery displays the apparent temperature differences
ocCltrring in the surface being imaged. The magnitude of detectable temperature
depends not only on system parameters, but also on the temperature of the surface
being imaged. Theoretical relations between minimum detectable temperature
difference and the target (ground) temperature show the loss of sensitivity to
temperature change as target temperature decreases. Indium antimonide de
tectors are more susceptible to this change than are mercury-doped germanium
detectors. The effects are illustrated in infrared imagery.

tural geologic mapping,4 ecological studies,5
and archeological studies.6 In many instances,
the imagery obtained during a particular
data collection flight is usable for the in tended
purpose almost by chance. Experience has
provided almost the only basis for selecting
the equipment to be used and the operating
procedures for many of the present uses. 7 This
paper is intended to provide a basis on which
equipment selections and operating pro
cedures can be made to provide the maximum
usable information for the intended purposes
and with the given ground situation. The
primary area of concern is the effect that the
average ground temperature has on the

* Submitted under the title "The Effect of
Ground Temperature on Thermal Resolution 111

Infrared Imagery."

the total radiant energy input. However, be
cause of the small amount of radiant energy
collected from the target, and the generally
large amount of thermal energy added to the
detector from other sources, this measuring
of total energy is rarely used. Rather, the
change of input energy is the quantity de
tected and provided as output data from the
system. Processing and system circuitry
are designed to eliminate that data associated
with changes in the input energy from sources
other than the ground target being scanned.

The derivation of a signal represen ting a
change in energy, and the fixing of the zero
level from which the change is measured, are
functions of the system design. In a radiom
eter, or an imaging system which measures
the target radiation temperature, the output
indication is derived by measuring the differ-
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ence-signal gcncrated as thc detector al ter
nately sees the target and a standard black
body radiator \\'hose temperature is kno\\'n,
For most line-scan systems, the output signal
for a particular spot in the imagery depends
on the differencc bet\\'een the energy recei\'ed
from the corresponding spot on the ground
and the energy \\'hich represents the zero, or
background, level in the imagcry, Tn general,
signals may be either positi\'e or negati\'e
wi th respect to the set zero le\'el.

The zero le\'el may be deri\'ed either from
some long-term (se\'eral scan times) a\'erage
of the energy \'ariations or by fi:-.:ing it as the
level generated \\'hen the dctcctor sees some
reproducible target such as a temperat"Ure
regulated blackbody, or the interior of the
scanner unit, The effect in the display of zero
level choice may bc clarilied by an e:-.:ample,
If the ground area being imaged has a gradual
change in apparent temperature, the signal
levels in the t\VO systems would differ. For the
system \vhich deri\'es the zero le\'el b\' averag
ing the signal for a number of scan times,
there would be no drift in thc zero le\'c1 re
gardless of the apparent a\'erage ground tem
perature drift provided rhe variations
around that average stayed constant, For the
system which clamps the output zero or
background le\'el to the signal generated by
a fi:-.:ed-temperature source in the scanner,
the average signal level about \\'hich \'aria
tions occur will drift \\'ith the a\'erage ap
paren t ground temperature, Signal \'ariations
about that a\'erage \\'ill stay appro:-.:imatcly
constant for equal ground temperature
changes prO\'ided the average temperature
does not change drastically,

tJ.T DEFI:\ITlO\'

The variation obtained in the output sig
nal depends on the change in the encrgy input
and on the gain setting of the imaging sys
tem, YVhen the thermal information sough t
consists of large energy d iFferences, little
difficulty is encountered in adjusting the
system to produce a usable output,

In many instances ho\\'e\'cr, the imagery
is in tended to depict very small thermal
differences, These small differences arc
occasionally found superimposed on largc
thermal di fferences, Special tech niq ues for
displaying these arc required, But whether
the small differences occur in a reasonably
constant background, or in a background
with large temperature differcnces, the mini
mum resoh'able apparent temperature change
is an important parameter of the system,
This minimum detectable tcmperature differ-

ence, tJ.T, depends on both the imaging sys
tem parameters, and on the ground target
tem pera tu re,

In e\'ery line-scan system, some minimum
level of noise e:-.:ists, This noise may be
gcnerated by a number of sources in the sys
tem, For ultimate performance. the system
is generally designed so that thc noise gen
erated by the detector is the limiting factor.
This noise, and any other in the system \\'hich
can be so related. is e:-.:pressed as the Noise
Equi\'alent Po\\'er (:\Ep) of the detector.
The :-.IEI' is the change in energy input to the
detector. expressed in watts, \\'hich will pro
duce a signal le\'el change equal to the noise
signal le\'el. For a given imaging system. the
NEp can ue expressed in terms of a :\Toise
Equivalent Tnput (NEI), This NEI is the
change in po\\'er density, in watts per square
centimeter, at the input optical aperture
\\'hich will produce the NEI' at the dctector.
The limiting thermal resolution, tJ.T, of the
system is the temperature difference in the
scanned area \\'hich will produce a power den
sity change at the scanner cqual to the NEI.

I f for a one-degree change in target tem
perature the energy density at the optical
aperture \\'oulcl change the same amount
regardless of the target temperature, the !:J.T
for the system could be specified just as is
the /\EI, and would depend only on system
characteristics, Howcver, the energy change
produced by a one-degree change in target
temperature depends greatly on the original
target temperature, Thus, the!:J.T of the ys
tem can be e:-.:pressed only if a target tempera
ture is gi\'en as \\'ell. Tn most instances the
system tJ.T is specified for a 300 0 K or 500 0 K
target temperature,

THEOI<ETlCAL !:J.T DEPENDENCE
0/\ TEMPERATURE

To investigate the manner in which the
tJ.T changes with target temperature, let us
begin \\'ith the Planck radiation equation
which relates the power radiated by a black
body and the wa\'elength at which particular
intensities are produced, A series of cun'es
for this equation are plotted in Figure 1
\\'here the temperature of the radiating body
is the varyi ng parameter. As most line-scan
imagery is made over ground targets whose
temperature extremes are not great, the
limits of 313°K and 243°1( are used for these
curvcs,

Generally t\\'O spectral regions occur where
detectors are employed for infrared line
scan imagery, These are the approximately 3
to 5-micrometer region where indium anti-
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monide (InSb) is sensltl\'e, and the 8- to 14
micl-ometer region \\'hcrc mercury-doped
germanium (Ge:Hg) is used, These two spec
tral rcgions are delincated in the graph of
Figure 1, The area under each curve within
the spectral Ii mi ts for the detectors is a mca
sure of the amount of energy a\'ailable at
the input to the collccting aperture of thc
imaging system for that particular target
temperature, The differcnccs in those cnergies
for yarious temperatures is a measure of the
signal gencrated for a corresponding target
temperature change,

The rate of change of input cnergy \"ith
temperaturc may bc sho\\'n by plotting the
deri\'atives with temperature of the curves
of Figurc 1. Jn Figurc 2 are a series of para
metric cUr\'es sho\\'ing the rate of change of
energy with the tempcrature and wa\'elength
for each of the temperaturcs of Figure 1.
The curvcs are similar in shape to the encrgy
distribution cun'es of Figurc 1 but the wave
length at \\' hich thc maxi m um change of
energy occurs for any gi\'en temperature is
!o\\'er than that at \\'hich the maximum radia
tion intensity occurs for the same target
temperatul-es, The effect of this shift is to
make thc InSb detector somewhat morc
useful or sensitive to cnergy changes as com
pared to the Ge:Hg detector than might be
expectcd on thc basis of total energy com-
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FIG. 1. Blackbody radiation curve.
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FIG. 2. Rate of change of radiated
energy with temperature.

parison. Further, the separation of the
cu n'es \\'i th tem pera tu re is grea tel' a t the JnSb
band than at higher \\'a\'elengths suggesting
tha t the lo\\-er \\-aYelength band \\-ill pro\-ide
emphasis of targets \\'hich are \\'armer than
the a\'erage target temperature, Thus hot
spot detection is better \\i th I nSb than it is
\\'ith Ge:Hg.

The cun'es of Figures 1 and 2 for theoreti
cal blackbody radiators gi\'e indications of
\\'hat may happen to the t1T of the system as
the target temperature changes, Other fac
tors must also be considered before any nu
merical estimates of the t1T changes can be
obtai ned. The t\\'O major factors are the
yariation of detector response \\i th \\'a\'e
length, and the effect of atmospheric absorp
tion on the energy a\'ailable to the detectors.
Typical response cun-es for InSb and Ge:Hg
detectors are sho\\-n in Figure 3. The relati ve
respon e at a gi\-en \\'a\'elength is used in the
calculations since total system response, in
cluding true detector sensitivity, is accom
modated in the NEP determination. Atmo
spheric absorption depends some\\'hat on the
amount of \\'ater \-apor and other gases, but a
typical cun'e for transmission through 1,000
feet of air at sea !c\'el over open water \\-as
used in these calculations,
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FIG. 3. Typical detector response.

perature I'ariation discerniblc in the imagery
becomes larger. For example. for a gil'en SPi

tem II'ith an f nSb detector producing imagery
of the ground at 303°K (30°C) the minimum
apparent tcmpcrature change discernible
might be about O.l°K. From the cun'e of
Figure 7.A., a 1° change in temperature II'ould
produce a change in input energy of approxi
mately 0.17 X 10-4 II'atts/cm. 2°K. A t.T of
O.l°K means that 0.017 X 10-4 \\'atts/cm. 2 is
the minimum energy change to which this
particular system will respond. \\'ith that
same systcm and detector, but a ground
temperaturc of about 283°K (lO°C) the same
minimum signal change rcpresents a t.T of
the target of 0.2°K. That is, at 283°K, the
energy change per degree is 0.085 X 10- 4

II·atts/cm. 2°K. The same minimum detectable
energy change, 0.017 X 10-4 II'atts/cm 2, is
produced by a tcmperature change of 0.2°K
at this temperature. On the other hand, if a
Ge:Hg detector is used in the same system
and the samc t.T of O.l°K at 303°K pre"ails,
then at 283°K the t.T is about 0.12°1(. The
thermal detail a,'ailable in the imagery prO
duced by this detector is degraded very little
by thc ground tcmperature change. These
effects can bc predicted from the shapes of the
curves in Figures 7A and 7B. The perfor-
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The two effects of transmission and detec
tor response were applied to thc theoretical
radiation cUr\'es of Figure 1. The resultant
eA'ecti,'e radiation cUr\'e \\'hich sho\\'s the
energy a,'ailable to elicit response in the de
tector is sholl'n in Figure 4. Only the cUr\'C
for 313°K (40°C) is sholl'n in the Figure.
Similar calculations 'I'ere made for each
temperature in Figure 1. To obtain a measure
of the rate of change of energy II'ith tem
perature for the real case, the areas under thc
effective radiation cUr\'es were integrated and
the total el1'ective ground radiation ,'s. tem
perature II'as plotted for each detector.
Figure 5 sholl's the I nSb dctector band, and
Figure 6 sholl's the Ge:Hg detector band.
The slope of the cun'e at any gil'en tempera
tu re is the factor of pri mary interest si ncc it
shows the rate of change of effecti I'e energy
into the system for a one-degree change in
target temperature. The slope of each cun'e
II'as calculated graphically and plotted as a
function of temperature in Figures 7/\ and
7B. These cUr\'es show what occurs to the
minimum resulvable temperature differencc,
t.T, as the ground temperature changes.

The t. T is iIl\'ersely proportional to thc
target temperature. That is, as the ground
temperature is IOII-ered, the minimum tem-
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FIG. 6. Effective radiated energy into Ge: Hg
detector as a fUllction of ground temperature.
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mance of the Ge:Hg detector will begin to
degrade more rapidly at colder temperatures
as indicated by the steeper slope of the curve
there.

For \"ery cold (compared to usual ambient
temperature) ground targets, the /1T will be
quite large. If a system is set to produce dis
cernible differences in the imagery gray level
for apparent ground temperature differences
of one or t\\·o degrees \\-hen the ambient level
is 293°K to 303°K, no details \\·ill be evident
in the imagery at all for ambient temperatures
at 263°K to 253°K. Thi is the case even when
the a\"erage background or zero level has been
adj ustcd to accommoda te the lower grou nd
temperature. The cold area will appear to be
essentially featureless to the infrared sys
tem. If enough sensitivity or additional gain
\\·ere a\·ailable in the imaging system, some
detail might be made available. Howe\"er, the
minimum resolvable apparent temperature
difference would be a larger incremen t than
that possible at higher target temperatures.

A technique used to emphasize small tem
perature differences superimposed on large
changes is that of printing a differentiated
signal rather than the usual imagery signal.
As this is essentially the energy change signal
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FIG. 5. Effective radiated energy into In b
as a function of ground temperature.

\\-i th a very short memory ti me for the zero
level determination, the imagery appears to
be primarily edges at \\"hich energy change
takes place. This technique is valuable to
depict small energy changes over the entire
imaged area even though there are large
energy changes as well. Normally, on un
differentiated imagery, if the dynamic range
is set to accommodate the large energy
changes, small variations in signal level will
not be discernible in the imagery. If the
settings are changed so that the imagery
sho\\·s small variations at one ground tem
perature, large changes in ground tempera
ture \\·ill exceed the dynamic range of the
recording medium, and all information at
those ground temperatures is lost. Differentia
tion allows small variations of temperature to
be recorded. However. the same /1T-effect
is present when the signal is differentiated.
That is, the change in signal level caused by a
given temperature difference is much larger
for a warm target than it is for a cold target.

IMAGERY EXAMPLES

A few examples of imagery are included
here to illustrate the effects of ground
temperature on thermal resolution. Apparent
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]A InSb

78 Ge: Hg

243 253 263 273 283 293 303 313

TEMPERA7URE -- OK

243 253 263 273 283 293 303 313
TEMPERATURE -- OK

radiometer were used to obtain this imagery
and temperature recording. An InSb detector
\\'as used in the scan ner.

The chart recorder trace of the radiometer
signal has been annotated in conjunction \\'ith
the imagery. Of particular interest are the two
poin ts \\'here the temperature indication on
the chart has gone completely off the bottom
edge. These two spots are identified as metal
roofed buildings on the ground. The actual
temperature of these buildings is not 20°1(
or more belo\\' am bien t, bu t the low em issi vi t\·
of the metal roof makes them appear to be s~,
Any thermal detail on the roof is completely
lust, al though huth radioIlleter and scanner
response times are fast enough to record any
if it were availahle,

The imagery also shows loss of detail in
colder ground areas even though the radiom
eter recording shows such detail to be
present. The detail is available in the radiom
eter recordi ng both because the system has
been calibrated to produce detail. and also
because a Ce:Hg detector is used in the
radiometer. Some of this loss of detail in the
imagery may occur because the signal is be
10\\' the dynamic range of the film, although
the change in thermal sensiti\'ity with
ground temperature is a contributing factoL

The imagery of Figure 9 illustrates the
ground temperature effect much more clearly.
The t\\'O film strips \\'ere made four day
apart in Jan uary using j nSb detectors. The
only difference between the conditions for the
two images \\'as the temperature. Ground
temperature for the imagery in Figure 9A
\\'as 2600 K, for the imagery in 9B. the ground
temperature \\'as 282°1(, As there were no
major temperature changes to be accommo
dated in the area on a gi\'en Right, the gain
\\as set to produce good t.hermal resolution.
The imagery in Figure 91\ shows much less
t.hermal det.ail t.han docs LhaL of 913. /\1
Lhough some ellecL mav be causcd 1)\'
rhododendron le<l\'cs being curled tightly i;,
the cold and uncurled on the \\'armer evening.
the primary cause of the /lul imagery is the
cold ground temperature. The water appears
\\'armer than the ground, and is. even though
the stream was completely frozen O\'er dur
ing the first Right. On the second Right when
the ground temperature \\'as 282°1(, the
ground and water \\'ere almost the same
temperature, f magery, not a\'ailable for
publication, was made at the same time with
Ge:Hg detectors in another RECO:-JOFAX sys
tem, Some difference occurs between the n\'o
dates in the amount of thermal detail shown
but, as predicted by the theory, much less dif-
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FIG. 7. Signal generated by a temperature
change of one degree.
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temperature differences on the ground may
be caused by changes in emissivity as \I'ell as
by .ac.t~al temperature change. Basically the
emISSIvIty of a surface relates the pO\\'er radi
ated by a surface to that which would be
radiated by a black-body surface at the same
temperature. Since temperature differences
are detected as emitted power differences, a
lowered emissivity gives the appearance of a
colder temperature to the target surface.
Along with the lower apparent temperature
goes the increase in the minimum resuh'ahle
temperature difference.

The fiI-st imagery example, Figure 8, shuws
this emissivity effect. The imagery was Rown
near dusk on a winter day. There may be
some snow in patches, but generally the
low:r temperature areas are cooler valleys. A
radIometer was Rown with the infrared
scanner, and the ground trace of the radiom
eter is shown by the thin line near the center
of the imagery. Interruptions in the line are
used to correlate the radiometer signal re
cording with the imagery. The HRB-Singer,
Inc. RECOKOFAX * IV scanner and the A R-2

* A registered trademark of J-l RB-Singer, Inc.
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FIG. 10. Hot-spot enhancement.

ference exists in the Ge:Hg imagery than in
that made with the InSb detector.

The imagery of Figure 10 shows the hot
spot enhancement effect of I nSb detectors.
This imagery was made on the same fligh t
as that of Figure 9A. Ground temperatures
were not measured at this point, but it is
assumed they are approximately 260 0 K, the
same as the imagery of Figure 9A. The back
ground level was adjusted to exhibit detail
in the river. The ice floes are quite apparent.
The surrounding area is cold so that the detail
is not \'ery apparen t. The roads, and par
ticularly the buildings, stand ou t sharply
in the industrial area. I n the colder areas
some detail can be discerned, but small
temperature differences do not cause the
change in signal level that are evident in the
warmer areas of fhe buildings.

SU~D1ARY

Infrared line-scan imagery is generated as
the record of apparent temperature difference
from some background or zero level. That
level may be determined by clamping it to
some reference tcmperature source or by pro
viding an average of the signal variations
over some relatively long term integration.
The minimum resolvable temperature differ
ence is a function of system parameters, but
also is a function of the apparent temperature
of the target being scanned. The minimum
energy difference which can be presented by
the imaging system as a discernible change
in the imagery represents a much larger tem
perature change in a cold target than it does
in a warm target. Or, stated another way, the
same temperature difference in the ground
target will produce a much larger signal when
the ground is warm than \\'hen it is cold.

The change in mi ni mum resoh'able tem per
ature difference \yith target temperature de
pends on the type of detector in the system.
An InSb detector exhibits much more effect

than occurs with a Ge:Hg detector. This re
sults not from any inherent sensitivity of the
detectors, but rather because of the radiant
energy distribution with wavelength and the
spectral bands in which the detectors are sen
sitive. If the average target temperature
changes 70° K, e.g., 313° K for one set of
imagery, and 243°K on another, a 10-to-l
change in the t:..T occurs, for the same system,
for an InSb detector, but less than 5-to-l
change for a Ge:Hg detector. Further, the
largest portion of the change for the Ge :Hg
detector occurs for ground (target) temper
atures of 273°K and below. The major change
for InSb detectors occurs in the temperature
region above 283°K. These changes are
shO\nl in the two cu rves of Figu re 7.

For thermal resolution stability in the im
agery, a Ge:Hg detector should be used. Sim
ilarly, if minor thermal detail is sought in an
area which may bc cooler than its surround
ings, the Ge:Hg is required. In general, the
Ge:Hg detector should be used if detail is
requircd in cold target areas. On the other
hand, if the purpose of the imagery is to de
tect warmer spots in an ambient background,
an I nSb detector will provide the best im
agery. If the target temperature is quite cold,
e.g., 2500 K to 240°1<, neither detector will
provide much sensitivity to small temperature
changes in the imaged area. A system which
produces discernible changes in the imagery
for an apparent temperature change of 0.5°
where the target temperature is 3100 K will
produce the same kind of change in the im
agery only if the temperature change in the
target is at least 3° to 5° when the target
temperature is 2400 K. For imagery of cold
areas, special systems designed for that pur
pose will be required if thermal sensitivities
comparable to those available currently on
normal (summer) ambient ground temper
atures are to be obtained.
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