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Temperature Calibration of 
~ a s t  -infrared Scanners 
Fast infrared scanners are highly sensitive to terrain surface 
temperatures, but their temperature dependence is 
fundamentally different from that of a slow infrared 
radiometer of identical bandwidth. 

T HE REMOTE MEASUREMENT of terrain sur- 
face temperatures b y  means of a n  air- 

borne infrared radiometer o r  l ine scanner  
requires a method of calibrating the  recorded 
electrical output  of  t h e  device in  degrees.! 
T h e  resulting calibration curve relating out- 
p u t  voltage to  surface temperature is anal- 
ogous to  t h e  characteristic curve used  i n  t h e  
analysis of film imagery. For  a linear detector 

surface temperature of  t h e  terrain. Constants 
a a n d  v ,  d e p e n d  upon  atmospheric  trans- 
missivity, collecting power of  t h e  scanner 
o r  radiometer optics, detector responsivity, 
and  electrical amplification a n d  offset, a n d  
are  determined from t h e  ground truth data  
for each flight. 

I f  t h e  emiss iv i ty  E a n d  t h e  cal ibrat ion 
function AT) are  known o r  assumed, Equa-  
tion 1 c a n  be solved for t h e  surface temp- 
erature of  t h e  scanned terrain. I n  mapping 
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ABSTRACT: A theoretical calibration function relating the electrical output of 
an airborne infrared scanner to the surface temperature of the scanned terrain is 
derived from radiometric principles. The function is applicable to scanners 
employing fast, photon-sensitive detectors, such as InSb and HgCdTe. Computed 
values of the function are used to plot a calibration curve for an idealized 
scanner of 8 pm to 14 pm bandwidth. A simple fourth-power law of the form 
AT4 + B can be fitted to the plotted curve with errors of less than 0.05"C over 
a 25" temperature range. The assumption of a T4 temperature dependence in 
thermal scanning at 8 pm to 14 pm is thereby justified on a theoretical basis. In 
addition, the temperature dependence of a fast infrared scanner is shown to be 
fundamentally different from that of a slow infrared radiometer of identical 
bandwidth. 
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of  thermal  radiation, t h e  output  voltage has 
the functional form 

where  e a n d  T represent  t h e  emissivity a n d  
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f Commercially available instrumentation 
usually includes a provision for internal calibra- 
tion by means of temperature-controlled black- 
body sources. This method, however, does not 
take into account atmospheric modification of the 
radiation emitted from the ground. 

thermal  plumes,  Scarpace,  Madding,  a n d  
Green  (1975) adopted a n  empirical calibra- 
tion function of t h e  form 

AT) = A T 4 +  B (2) 

w h e r e  A a n d  B a r e  d e t e r m i n e d  b y  t h e  
method  of  least squares. T h e y  found that  
t h e  s imple power  law se t  forth i n  Equat ion 
2 provided  a n  a d e q u a t e  least-squares  fit 
to  t h e  temperatures o f  identifiable surface 
features scanned a t  8 t o  14 p m .  

I n  this paper, t h e  theoretical calibration 
function for a n  ideal ized infrared scanner  
with a fast, photon-sensitive detector is de- 
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rived from radiometric principles. Comput- integrating the photon distribution over A. 
er-generated values of the function are used The result is a calibration function specifi- 
to plot a calibration curve applicable to a cally applicable to fast infrared scanners. 
scanner with assumed flat response from 8 FAST INFRARED SCANNERS 
to 14 pm. The error involved in approxi- 
mating the plotted curve by the simple 
fourth-power law (Equation 2) is evaluated. 
Finally, it is pointed out that an infrared 
radiometer employing a comparatively slow 
thermal detector does not obey the same 
power law as a fast infrared scanner. 

Infrared radiometers were employed as 
early as 1944 for the airborne measurement 
of terrain surface temperatures. The term 
"radiometer," as used in this paper, refers 
to an energy-sensitive device which detects 
the heating effects of incident thermal ra- 
diation within a limited wavelength band. 
The theoretical basis for the radiometric 
measurement of surface temperature is 
Planck's Law. Expressed in a form appli- 
cable to energy-sensitive detectors, it states 
that 

- .  
where E,,(h,T) is the spectral exitance of 
radiant energy+ at wavelength h from a 
surface feature of emissivity E and tempera- 
ture T .  

The output of an energy-sensitive air- 
borne detector for input radiation of the 
form of Equation 3 can be expressed as 
~ R , ( X ) E , , ( A , T ) ~ A ,  where R,(h) is an overall 
response factor describing the detector 
characteristics, the filtering and collecting 
optics, and the transmissivity of the inter- 
vening atmosphere. If the variation of Re 
with wavelength is known, the integration 
over h can be carried out numerically, yield- 
ing the functional relationship between 
detector output and surface temperature. 
In particular, if the response is flat over the 
wavelength band of the instrument, the 
above expression reduces to an integral of 
the Planck distribution E,,. The resulting 
dependence on temperature has been char- 
acterized by a number of published tables 
and formulas (Rohsenow, 1973; Dreyfus, 
1963). 

Analogous radiometric considerations can 
be extended to photon-sensitive detectors. 
The dependence of detector output on sur- 
face temperature in this case is obtained by 

In recent years, commercially available 
infrared scanners have found increasing use 
in the airborne monitoring of terrain sur- 
face temperatures. The term "scanner," in 
this context, refers to a photon-sensitive 
device which detects carrier pairs generated 
in a semiconducting crystal by incident 
thermal radiation. In operation, a photon 
detector is fundamentally different from an 
energy detector because it measures the 
number of infrared quanta rather than the 
amount of radiant energy absorbed by the 
detecting element (Petritz, 1959). Because 
the response time of a typical photon de- 
tector is in the submicrosecond range, in- 
frared scanners are several orders of mag- 
nitude faster than infrared radiometers. It 
is this increased speed which allows the 
scanning of extensive areas of terrain from 
a rapidly moving airborne platform. 

The distribution law applicable to photon- 
sensitive detectors is, dividing Equation 3 
by the photon energy hc/h, 

27rc 
EpA(A,T) = E exp (hclAkT) - 1 (4) 

where E (h,T) i_s the spectral exitance of 
photons*PAat wavelength A from a surface 
feature of emissivity E and temperature T .  
The scanner output voltage can then be ex- 
pressed as 

v = a Rp(h) E,,(A,T) d h  + vo (5)  

where Rp(h) is the response factor appro- 
priate to photon transmission and detection, 
and a and uo are the electronic amplification 
and offset. The indicated integration can 
be carried out numerically if the variation 
of R, with h is known. Assuming for sim- 
plicity a flat response over the scanner 
wavelength band A, to A,, the result is 

where y = 27rk3/c2h3 and, introducing the 
variable of integration x = hclAkT, 

hclh,kT 
x2 

w =  J , r l d x .  (7) 
hclA2kT 

Comparison of Equation 6 with Equation 1 
yields the theoretical calibration function 

t The symbol E ,  denotes exitance of radiant * The exitance E ,  is measured in photons/m2 
energy in W/m2. sec. 
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C C A L I B R A T I O N  FUNCTION 
C 

REAL TaK, I 
INTEGER L l r  1 2 4  P A R l T V  
DOUOLE P R E C I S I O N  X I  VI K r  CZJ 
V f X )  m X**Z I l D E X P ( X I - 1 . 0 1  
S P E C I F Y  UAVELENGTn L I M I T S  I N  
READ 
SPEC 

ll . T 273.15 
C Z  . 1 . 4 3 8 0 D 4  
A  . C2 I ( F L O A T ( L Z ) * K I  
I . C P  / I F L O A T ( L l 1 W l  
NMAX w 40  

DO 4  N.l,NtlAX 
1 P A R I T Y  * MOD(NIZI 
2 I ? (  P A R I T Y  .EQ. 0  I C.4. 
3 I F (  P A R I T Y  .Eon 1  I C.2. 
6 I . I C*Y(  A+CLOAT(t l - l I *H 1  

PRINT, T - 
PRINT,  I 
STOP 
BND 

FIG. 1. FORTRAN program to evaluate f(T) at a 
specified temperature, T .  

for an idealized infrared scanner. 
A FORTRAN routine which computes 

definite integral i(T) using Simpson's rule 
is listed in Figure 1. This method is appli- 
cable to any given wavelength band and 
temperature. As a specific example, Figure 2 
shows a calibration curve plotted for a 
scanner of 8-14 pm bandwidth. Over this 
particular wavelength range, i(T) increases 
with T in almost linear fashion. Conse- 
quently, the calibration function i(T)T3 may 
be approximated by the fourth-power law 
AT4+B. The temperature deviation between 
the exact result (Equation 8) and the least- 
squares approximation (Equation 2) appears 
in Figure 3. 

Due to the simplifying assumptions made 
in integrating over wavelength, the above 
result strictly applies to an idealized scan- 
ner with a flat response from A, to A,. How- 
ever, the detailed spectral characteristics 

CALIBRATION C U R V E  

T E M P E R A T U R E  ['C] 

FIG. 2. Theoretical calibration function for a fast 
infrared scanner of 8-14 pm bandwidth. The 
temperature range shown is applicable to thermal 
scanning of rooftops during the winter heating 
season. 

TEMPERATURE ['C] 

FIG. 3. Temperature deviation, AT, between 
i(T)Ta and AT4 + B. 

of a commercial scanning system can, if 
known, be incorporated into the numerical 
integration routine of Figure 1 in a straight- 
forward manner. 

Calibration function f(T) contains a fac- 
tor, T". Thermodynamically, this factor 
arises because the number of photons emit- 
ted from a surface feature per unit time in- 
creases with the cube of the temperature. 
It is this sensitivity to slight variations in 
surface temperature which allows the ther- 
mal mapping of terrain using an airborne 
photon-sensitive detector. In the case of an 
energy-sensitive detector, the  output 
depends not only on the rate a t  which 
photons are collected, but also on photon 
energy. Since the average energy of an 
individual photon is of order kT, a detector 
which measures radiant energy has a stron- 
ger temperature dependence than one 
which responds only to the number  of 
electromagnetic quanta. Thus, an idealized 
infrared radiometer operating in the 8-14 
pm region obeys a fifth- rather than a fourth- 
power law. 
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