
(54) RADIOMETRIC TARGET IDENTIFICATION        (71)   We, TEXAS INSTRUMENTS
INCOR-  small spectral interval centered at wavelength     PORATED, a
Corporation organized according  A, and
45     to the laws of the State of Delaware, United    [err] is the
emissivity of the source within     States of America, of 13500 North
Central  a specified small spectral interval centered at 5  Expressway,
Dallas, Texas, United States of  wavelength A.     America, do hereby
declare the invention, for    The term R[err] is related to [err] and T by
which we pray that a patent may be granted to  Planck's radiation formula:
50     us, and the method by which it it so be per-     formed, to be
particularly described in and by                 [err] 10 the following
statement:-       This invention relates to target identifica-
hc     tion, and more particularly to radiometric     techniques of target
identification using differ-     ence signals at several wavelengths to
produce 15 a temperature independent target composition  where c is the
velocity of light,     signal.                                            h
is Planck's constant, and       Radiation continuously emitted from  all
k is Boltzmann's constant.     objects results from the acceleration of
elec-     trical charges within the material. Because the    It follows
from equation (1) that the emis-  55 20  interactions of these charges in
solid bodies  sivity of a body is given by the quotient of the     are very
complex, it is difficult to apply electro-  power radiated by the body and
the power that     magnetic theory directly; instead, thermo-  would be
radiated by a black body of the same     dynamics is used to predict and
explain the  temperature. Since it is independent of tem-     radiative
behaviour of bodies. From  this  perature, the  emissivity  characterizes
the  60 25  approach there has developed the useful con-  radiant character
of the body and, thus, can     cept of the ideal radiator, or black body
source,  be used to classify or identify the physical     having  radiation
characteristics completely  composition of the body by comparison with
specified by temperature. The radiation power  known emissivity curves.
emitted by an imperfect radiator within a    Heretofore, target
identification by means of 65 30 small spectral interval centered at a
wave-  radiation techniques have measured the radiant     length A and that
emitted by an ideal black  power from a body at an unknown tempera-
body are related by a temperature-independent  ture. The assumption was
made that several     constant known as the radiator emissivity.  targets
in proximity are all at the same ambient     Mathematically, this can be
expressed by:  temperature and an educated guess of the tem-  70
perature was made. Black body radiation at 35            [err]
the estimated temperature was calculated and
(1)    from this the target emissivity was estimated     where
to identify the physical composition thereof.       R([err],T) is the
radiation power emitted by a  However, actual temperature measurements  75
unit area of the source at temperature T within  show that different
materials can differ in tem-     a specified small spectral interval
centered at  perature by as much as 40[err]F as a result of 40  wavelength
[err],                           uneven heating in the sunlight. Thus, a
Rbb([err],T) is the power per unit area radiated  reasonable conclusion is
that the temperature     per unit area of a perfect radiator, that is, a
as well as the emissivity of a body varies with  80     black body, at
temperature T within a specified  the material and  previous techniques of
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2      estimating temperature produced erroneous  16 and 18 to the
detectors 12 and 14. Thus     composition identification.
the radiation incident upon the detectors 12       An object of the present
invention is to  and 14 alternates every 30[err] of rotation of the
provide radiometric target identification in  wheel 20 between the target
10 and the refer- 5  which the above difficulty is at least partially  ence
body 24. Many other methods can be  70     overcome.
used to alternate the radiation incident on the       According to one
aspect of the invention  detectors 12 and 14 between the target 10 and
there is provided apparatus for radiometric  the reference source 24. The
selector wheel 20     target identification comprising: means res-  is
intended as only one example. A thorough 10 sponsive to the radiation power
emissible from   discussion of radiation measuring techniques is  75     a
target and emissible from a reference source  found in the "Handbook of
Military Infrared     at several independent wavelength bands for
Technology,"  Office  of Naval Research,     generating a power difference
signal free of  Department of the Navy, United States of     extraneous
radiation power signals from each  America. 15 wavelength band, and means
for producing a    The reference source 24 emits black-body  80
temperature independent target composition  or thermal radiation which is
defined as the     identification signal from pairs of said power
electromagnetic radiation present in any region     difference signals at
two independent wave-  of empty space at thermodynamic equilibrium
length bands.                                 at temperature T. Black-body
radiation is iso- 20    According to a second aspect of the inven-  tropic
and unpolarized and has a continuous  85     tion there is provided a
method of radiometric  distribution of frequencies. It is of practical
target identification comprising: generating at  importance as being the
maximum amount of     least two signals representing the power differ-
radiation that can be emitted by a hot solid     ence between radiation
power emitted from a  body. It is of theoretical importance in the 25
target and radiation power emitted from  a  history of physics because
through study of its  90     reference source at selected wavelength bands,
properties Planck was led in 1900 to the initial     said power difference
signals having extraneous  ideas of quantum theory. The system of this
radiation power signals effectively removed  invention makes use of
Planck's radiation     therefrom, and  producing  a  temperature  formula
describing the radiation character of 30  independent target composition
identification  heated materials.                            95     signal
from at least two of said power differ-    The output of the detector 12
alternates     ence signals of independent wavelengths.   proportionally
between the radiant flux density       In the accompanying drawings which
illus-  from the target 10 and the reference source 24     trate the
invention:                          at the particular spectral band passed
by the 35    FIGURE 1 is a block diagram of a target  filter 16. This
produces a two level alternating  100     identification system with
logarithmic ampli-  signal which after amplification and rectifica-
fiers,                                       tion in an amplifier 26
produces a DC signal       FIGURE 2 is a vector diagram illustrating  on
the line 28 proportional to the radiation     the temperature independence
of a composition  power difference between the target 10 and 40  signal
produced by the system of FIGURE 1,  the  reference  source  24
independent of 105       FIGURE  3 is a block diagram  of an  extraneous
power sources. The operation of the     alternate embodiment of the
detection section  amplifier 26 is synchronized with the motor     of the
system of FIGURE 1,                    22 to correctly polarize the DC
signal on line       FIGURE 4 is a partial block diagram of a  28 by means
of a connection 29. An adjustable 45  detection system  employing more than
two  resistor 30 provides a means for weighting the 110     spectral bands
to eliminate temperature effects  power difference signal to eliminate
system     in a composition signal, and                  variations such
as, for example, differences in       FIGURES 5A-5D are plots of emissivity
the gains of amplifiers 26 and 38, and a     versus wavelength in microns
for several  summing network 32, connected to a variable 50  selected
materials.                           DC supply 34, biases the weighted
differential 115       Referring to FIGURE 1, a target 10 of  power signal
prior to amplification in a     unknown composition and temperature con-
logarithm amplifier 36. Similarly, the detector     tinuously emits
radiation which is incident  14 produces an output signal proportional
upon unfrared detectors 12 and 14 after pass-  alternately between the
radiant flux density 55  ing through filters 16 and 18, respectively. A
from the target 10 and the reference source 24  120     selector wheel 20
rotated by means of an  at the spectral band passed by the filter 18.
electric motor 22 passes or blocks the radiation  The spectral or
wavelength band passed by the     emitted from the target 10 to the
detectors 12  filter 18 is independent of that band passed     and 14. In
the position shown, the selector  by the filter 16. An amplifier 38
operates to 60  wheel 20 passes radiation emitting from the  amplify and
rectify the dual level alternating  125     target 10 to the detectors.
When the selector  signal resulting from the power emitted by     wheel 20
has been rotated 30[err], radiation from   the reference source 24 from the
power emitted     the target 10 is blocked and radiation from   by the
target 10 to produce a radiation power     a reference black body 24
reflects from the  differential signal on a line 40 again independ- 65
background reflector 20a through the filters  ent of extraneous power
sources. The operation  130  
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3       the amplifier 38 is also synchronized with  a comparison with
standard  characteristic    the motor 22 by means of the interconnection
curves of various known materials.    29. A variable resistor 42 provides a
means for    In operation, the system employs the rela-  40    weighting
the power difference signal on line  tionship which exists between the
logarithm 5  40 and a summing network 44, connected to  of the incident
power from the target 10 and     the supply 34, biases the power difference
that from the reference source 24. At a wave-     signal from the amplifier
38 prior to amplifica-  length [err], this relationship can be written as:
tion in a logarithm amplifier 46.       Typically, the log amplifiers 36
and 46 are    [err] 10  standard operational amplifiers with a three
terminal transistor connected in the feedback     loop. In the usual
manner, the transistor  where P[err] is the incident power from the target
emitter electrode connects to the operational    10,     amplifier output
terminal and the base and       P[err] is the power from  the reference 15
collector electrodes are interconnected to the   black-body source 24,
input terminal along with the weighted power    [err] is the emissivity of
the target 10,    50     difference signal from the summing networks.
[err]     The outputs of the amplifiers 36 and 46 are      T is the
temperature of the target 10,     connected to a difference network 48 and
a       T[err] is the temperature of the reference 20 summing network 50.
Potentiometers 52 and         source 24,     54 are connected in the signal
line from the     amplifier 36 to weight the logarithmic output    [err]
55     therefrom. A  voltage  divider,  including        [err] and
resistors 55 and 57, is included in the line
(4) 25 from the amplifier 46 and provides a means     for weighting the
logarithmic output therefrom  [err] is the fractional error that results
from the     along with the potentiometer 52. The differ-  expansion of
S[err] by the first term of the expan-     ence network 48 produces a
temperature  sion about [err] At the frequencies of interest,
independent target composition identification  and within normal
temperature ranges, the A  60 30 signal at terminal 56 from the two
weighted  term can be neglected thus simplifying equa-     radiation power
difference signals from  the  tion (3). Table I illustrates the probable
per-     amplifiers 36 and 46. A summation of the two  cent error for a
wavelength of 12 microns and     output signals from the amplifiers 36 and
46  a reference source temperature of 300[err] Kelvin.     in the summation
network 50 produces a target  Note that for a temperature variation of from
65 35 temperature signal at a terminal 58. From   75[err] K through
600[err] K, the error is less than     these two target related signals,
the target com-  4%  and for all practical purposes can be     position and
temperature can be determined by  neglected.
TABLE I                           Temperature
([err])                       Degrees Kelvin      [err] = 1- T[err]/T
Percent Error                               75               -3
1.7                               150              -1                  1.4
200               -[err]               .9                               300
0                0                               400                 [err]
1.3                               600                                   4.0
1,200               [err]              9.7   70    Assuming the fractional
error [err] can be  example, assuming S[err] and S[err], measured at 75
neglected, a temperature independent composi-  wavelengths [err] and [err]
respectively, it follows     tion signal can be generated by the
elimination  that [err] can be eliminated from any two such     of the
[err] term from any two target measure-  measurements to form a temperature
independ- 



ments at two different wavelengths. For  ent signal as given by the
expression:           4                                       1,257,121
4                          [err]      At higher frequencies in the infrared
or optical equation (4) into equation (5) the following     regions, g[err]
approaches x[err] and by substituting  expression can be written:
5                       [err]       Although a signal produced in
accordance with  position of a target, and the component along     equation
(6) will identify a particular composi-  the vector g can be used to
determine its     tion independent of temperature, a more posi-
temperature.                              50 10  tive identification is
assured by forming     The vector diagram of FIGURE 2 illus-
trates this concept of radiometric target identi-                     [err]
fication for a three wavelength system. A
change in the temperature of the target 10     for a large number of sample
points.         causes a corresponding change in the voltage  55       An
important feature of this invention is  signals from detectors at each of
three wave-     the temperature independence of the composi-  lengths
[err], [err] and [err] which in turn rotates 15  tion signal on terminal
56, as discussed above.  the power vector from S to S[err]. Planck's equa-
To further emphasize this point, the Schmidt  tion constrains the changes
due to temperature     orthogonalization process will be applied to     the
target composition signal S[err] sampled at  to remain parallel to the g
axis. Thus, although  60     wavelengths [err], to construct tempera-
measurements along all three wavelength axes 20  ture independent target
composition vectors as  will be affected by the temperature change, the
shown in FIGURE 2. If S[err], g[err], and 1n [err]  components of S in the
plane perpendicular to     where i=1, 2, ...m, are the ith component of  g
(i.e. the [err] plane) are unaffected. Since     the vectors S, g and [err]
respectively, then  in this discussion m=3, there are two tempera-  65
equation (3) can be written in vector notation  ture independent parameters
(i.e. the com- 25  as                                           ponents
[err], and [err]) which can be used to                     [err]
identify the target. On the other hand, the
component g gives a direct measurement of     now, if [err]<x, y> denotes
the scalar product of  target temperature change.             70     two
vectors x and y, then a vector z, defined by    Where the power spectrum is
sampled at                                                  only two
frequencies, such as by a system                         [err]
shown in FIGURE 1, then m=2 and only one                  [err] vector and
corresponding target parameter                         exists. Taking the
components of g as (g[err], g[err])  75 30  will be orthogonal to g. From
the above two  the [err] vector orthogonal to g will be in the
equations, it follows that by simple substitution  (g[err], - g[err])
direction. From the preceding dis-     the vector z will be equal to
cussion, it will appear that the target parameter
is given by [err]<[err], [err]> which in turn is equal
[err]                 to a constant times p([err], [err]), where p([err],
[err])  80                  is a temperature independent target composi-
<g, g>                   tion signal as given by expression (5).
(9)      The basic target identification technique     Thus, the vector z
is a temperature independ-  described above was developed from the logar-
35  ent vector completely specified by the emis-  ithm of the ratio of the
emitted power from     sivity of the material. Since the vector g is m
the target 10 to that emitted from the refer-  85     dimensional, it
follows that there can be con-  ence source 24. Unfortunately, known
measure-     structed m-1 mutually orthogonal vectors  ment devices,
scanners, radiometers, etc.)     orthogonal to g. These vectors can be used
measure neither this ratio nor the incident 40  as a base vector for z with
the result that  power from  a target directly but only the
difference between the power from the target  90                     [err]
and that from the reference  source. It will                  now be shown
how these known measurement
devices can be used to produce a target identi-
fication signal. The energy incident on the     where [err] i=1, 2 ...m-1,
are a set of ortho-  detectors 12 and 14 at any given time is par-  95
normal vectors orthogonal to the vector g. It  tially from radiation from
the target 10 and     follows that there are m-1 linear independent
partially from extraneous sources surrounding 45  temperature parameters
for m sample points  the target.     of the radiometric power spectrum.
These    Assuming a linear transfer function for the 



parameters can be used to identify the com-  detectors 12 and 14, the
effects of extraneous  100           5
1,257,121                                      5  sources can be removed,
for the most part, by  as the first reference source 24 in which case  40
producing a signal proportional to the differ-  q=0 and u=t.    ence
between the response from the reference    Referring the above discussion
to the system    source 24 and the response of the target 10.  of FIGURE 1,
the output of the log amplifiers 5  If the measuring system has a transfer
function  36 and 46 is given by the expression    of a ([err]), the
radiation power difference at the    output of the amplifiers 26 and 38 is
given by            [err]
45          [err]                                            [err]    which
can be simplified to                                                  (20)
10          [err]                      respectively. To make the output of
the                                       (12)    amplifiers 36 and 46
represent signals as given    where                                     by
equation (18) above, it is necessary to cali-
brate the system  by adjusting the variable  50      [err]=system weight
resistors 30 and 42 and the DC supply 34.
(13)    Calibration of the system can be accomplished
by first adjusting the potentiometers 52 and           [err]
54. This circuitry along with the networks 48       and 50 can be
considered as rotating the basic  55             composition vector, S, so
as to develop outputs                                       along the
temperature axis, g, and the emis-        sivity axis, [err]. From the
vector relationships        developed with respect to a discussion of
FIGURE 2, it follows that if the potentiometer  60             52 is
adjusted such that the gain equals the
(15)    ratio  of (g[err]/g[err]), which  is approximately       R[err] is
the radiation power of the reference           source 24.
put at terminal 58 will be proportional to S [err]      If u is set equal
to v/w then, from equation  Since [err] is perpendicular to g it follows
that  65     (12),                                     by appropriately
adjusting the potentiometer
54 there will be produced the components       u= q + qt + t, and
S. [err] at the output of the difference network 48 20
(16)    at terminal 56. Mathematically, setting the
potentiometer 54  produces a  gain  G[err]=  70     by a simple expansion,
[err]. Next, the DC supply 34 is adjusted
such that a=1; this requires a zero output
signal from both the log amplifiers 36 and 46       [err]
when looking at the first reference target. With             this
adjustment, the output of the log ampli-  75
fiers takes the  form  [1n(1 + wu)] which
approaches the expression (18), above. Now     From  the above expressions
it follows that,  assuming that the second reference is chosen
such that q=0 at a known temperature, then                [err]
the w[err]/w[err] ratio can be set by adjusting the  80
resistors 30 and 42 so that the signal on
terminal 56 is zero while the amplitude level 25  the basic identification
equation (3) given  of w[err] and w[err] would be set by observing the
above.                                    output signal at terminal 58 and
adjusting for                                               proper
normalization when looking at the  85       The calculation of u requires a
second refer-  second reference target. After adjusting the     ence source
(not shown) with known values of  w[err]/w[err] ratio, the output of the
log amplifiers     q and t to eliminate the system weight, w,  36 and 46
takes the form given by the expres- 30 from the measured radiant energy.
This second  sion (18). Thus, the system of FIGURE 1     reference source
having known emissivity and  develops at the output of the log amplifiers
90     at a known temperature, replaces the target 10  36 and 46 the
logarithm of the ratio of emitted     during calibration. From equation
(12), w can  power from the target 10 to that emitted from     be found by
dividing the voltage measured  the reference source 24. 35 from this second
reference source by the value    Logarithmic amplifiers 36 and 46 placed 



of u, computed from the values of q and t  after the summing networks 32
and 44, respec-  95     associated with the second reference. The  tively,
each produce a signal from which the     simplest and possibly best choice
for the second  temperature independent target composition     reference
source is one with the same emissivity  signal given by equation (6) can be
generated           6                                        1,257,121
6      by making use of a weighted difference    In the system of FIGURE 3,
u[err] and u[err],     between two logarithmic signals. The tempera-  given
by equation (16), represent inputs into  65     ture of the target 10 can
be derived by a  the sum and difference networks 74 and 76     weighted sum
of the outputs of the logarithm  after appropriate weighting by the
potentio- 5  amplifiers 36 and 46. Weighting is performed  meters 72 and
84. Note that since u[err] and u[err]     by the potentiometers 52 and 54.
Logarithmic  are zero when looking at the reference target
amplification after linear subtraction, in con-  24, both the composition
and temperature  70     junction with an additive DC voltage, also  signals
will be automatically zero.     removes the product of relative emissivity
To calibrate the system of FIGURE 3, first 10  change and relative
black-body change from   the potentiometer 78 is adjusted to produce
the target identification signal as given in  a fixed gain of
(g[err]/g[err])[err] for the voltage at the     equation (6).
wiper arm of the potentiometer 72. Next, the  75       From  the above
discussion, it might be  potentiometers 72 and 84 are adjusted back
logically concluded that logarithmic amplifica-  and forth to produce a
normalization of the 15 tion could be performed directly (i.e. without
temperature signal at terminal 75 and a zero     previous weighting) on the
signals from the  output at the terminal 77 when looking at two
detectors 12 and 14 to produce a logarthmic  reference sources having the
same emissivity. 80     radiant power difference signal instead of a  This
adjustment determines the unknowns in     linear signal in which case the
voltage output  the equations: 20  from the amplifiers 26 and 38,
generating a     difference in the logarithms of radiant power
[err]     from the target 10 and the reference source
(21)     24, would produce an identification signal     directly. However,
since the energy incident           [err] 25  on the detectors at any given
time is partially                                     (22)     from
extraneous sources, the logarithmic differ-     ence would be given by
where equation (21) represents the operation of  85
the network 74 and equation (22) represents               log [(R -
R[err])/(R[err] - R[err])],          the operation of network 76. The (R)
terms                                                   are the ratio
settings of the potentiometers 72     where R[err] is the radiation from
extraneous  and 84, and V represents the voltages applied 30  sources. The
effect of the prior weighting of  to these potentiometers. Note that some
back  90     the sigals is that R[err] will be eliminated for the  and
forth adjustment could be avoided by     most part.
using ganged potentiometers to calibrate the       A  second system  for
implementation of  system. The system of FIGURE 3 produces a     target
identification in accordance with this  normalized power difference from
the target 35  invention  dispenses with  the  logarithmic  10 to that
emitted from the reference source  95     amplifiers and the DC voltage
source, as shown  24 at the outputs of the networks 74 and 76     in FIGURE
3. Filters 60 and 62 pass selective  for two independent wavelengths.
However,     wavelengths of energy from the target 10 or  because of the qt
cross term equation (16), this     reference source 24 to respective
detectors 64  linear subtraction produces only a quasi- 40  and 66. A
second reference source (not shown)  temperature independent signal.
100     or the reference source 24 at two set tempera-    In addition to
temperature independence, it     tures is required for calibrating this
system  is desirable to eliminate gray bodies (i.e. a body     as was
described previously with respect to  with constant emissivity over the
frequency     the system of FIGURE 1. An amplifier 68  band of interest).
This additional constraint 45  produces a DC voltage on a line 70 which is
requires an additional degree of freedom or a 105     independent of
extraneous power and propor-  third spectral band connected to the
difference     tional to the difference in radiation power from   network
48 of FIGURE 1, and 76 of FIGURE     the two sources as before. The signal
on the  3. A portion of such a system is shown in     line 70 is weighted
by means of a potentio-  FIGURE 4. The terminals 86 through 90 are 50
meter 72 for connecting to a summing network  connected  to  the  outputs
of  individual 110 74 and a difference network 76 through a  logarithmic
amplifiers such as described above      a calibration potentiometer 78. For
the second  in FIGURE  1, five such amplifiers being      selected spectral
band, an amplifier 80 pro-  required. As previously explained, each of
these      duces a radiation power difference signal free  amplifiers
produces a radiant power signal at a 55  from  extraneous power on a line
82. This  particular spectral band of radiant energy from  115      signal
is weighted by means of a potentiometer  a target and reference source. The
signal at 



84 before being connected to the summing  terminal 86, after being weighted
by means      network 74 and the difference network 76. As  of a variable
resistor 92, connects to a sum-      described above, the output of the
summing  ming network 94. The signal at terminal 87, 60 network 74 is a
temperature signal and the  weighted by means of a variable resistor 96,
120      output of the difference network 76 represents  connects to the
summing network 94; it is      a temperature independent target
identification  also weighted by means of a variable resistor      signal.
98 prior to connection to a summing network             7
1,257,121                                           7       1 Similarly,
the signal on terminal 89 is  Similarly, for "Green Mountain Laurel" the
weighted by means of variable resistors 102  emissivity at 12 microns is
greater than at 9  65      and 104 prior to being transmitted to summing
microns by a factor of 0.057. On the other      networks 100 and 106,
respectively. A signal  hand, for "Zinc Oxide Paint" and "Ferrous  5  at
terminal 90, after being weighted by means  Oxide Paint", the signal at
terminal 56     of a variable resistor 108 connects to the  indicates that
the emissivity at 12 microns is     summing network 106. The third input
signal  less than at 9 microns for these materials.  70     to each of the
summing networks 94, 100 and  Thus, by comparing the difference voltage at
106 is transmitted from terminal 88 through  terminal 56 with known
emissivity curves, a 15  an inverter amplifier 110.
particular material can be identified. To en-        For N spectral bands,
it is only necessary  hance the ability of positively identifying a      to
have N-2 independent groupings to obtain  material, additional spectral
bands would be  75      all of the information available for pattern
employed such as shown in FIGURE 4. The      recognition. However, for
accuracy considers-  more difference signals produced, the greater 10
tions, the redundancy provided by additional  the chance of positive
material identification.     groupings might be desirable. Calibration of
While several embodiments of the invention,     the system  shown in FIGURE
4 would  together with modifications thereof, have been  80     proceed by
first adjusting the resistors 92 and  described herein and shown in the
accompany-     96 until the output of the summing network  ing drawings, it
will be evident that various 20  94 is zero for radiant energy from two
refer-  further modifications are possible in the     ence sources
positioned at the target 10 loca-  arrangement and construction of
components     tion and compared with the energy from the  without
departing from the scope of the inven-  85     reference source 24. The
first reference source  tion as set forth in the appended claims.     at
the target location would be at the tempera- 25  ture of the reference
source 24 but have a    WHAT WE CLAIM  IS: -     different emissivity, and
the second reference    1. Apparatus for radiometric target identi-
source at the target location would have the  fication comprising: means
responsive to the     same emissivity at a different temperature.
radiation power emissible from a target and  90     Next, the resistors 98
and 102 are adjusted  emissible from a reference source at several 30
until the output of the summing network 100  independent wavelength bands
for generating     is zero and finally the resistors 104 and 108  a power
difference signal free of extraneous     are adjusted until the output of
the summing  radiation power signals for each wavelength     network 106 is
zero for both reference sources  band, and means for producing a
temperature  95     at the target location. Note some back and  independent
target composition identification 35  forth adjustment may be required to
produce  signal from  pairs of said power difference     the desired zero
output signals. Non-gray  signals at two independent wavelength bands.
bodies will produce finite values at the output    2. Apparatus as set
forth in Claim 1, includ-     terminals of the networks 94, 100 and 106
ing means for weighting each of said power 100     which can be combined in
a recognition filter  difference signals from said responsive means. 40
(not shown) to identify the composition of the   3. Apparatus for
radiometric target identi-     target 10, independent of temperature. A
target  fication  comprising:  at least two  means     temperature signal
can be generated by the  responsive to the radiation power emissable
system of FIGURE 4 by adding the additional  from a target and emissible
from a reference 105     circuitry as described above for FIGURES 1
source, each said responsive means being effec- 45  and 3.
tive for generating target and reference source       Referring to FIGURES
5A-5D, there is  signals for a preselected wavelength, means for     shown
the emissivity versus wavelength curves  producing a radiation power
difference signal     for four typical materials. The following table  for
each of said responsive means from the  110     illustrates how the
temperature independent  target and reference source signals independent 50
signals of the systems described above can be  of extraneous radiation
power signals, means     used to classify infrared targets; the wave-  for
weighting the radiation power difference     lengths chosen for this sample
were 9 and 12  signals, amplifier means for each of said     microns:
weighted power difference signals effective to  115
generate a signal equal to the logarithm of the 



Material               p(9,12)       quotient of the target and the
reference radia- 55      Colts Neck Loam               1.11        tion
power levels, and means for producing         Green Mountain Laurel
0.057       temperature independent target identification         Zinc
Oxide Paint             3.96         signals from at least two of the power
differ- 120         Ferrous Oxide Paint           5.40        ence signals
as generated by said amplifier
means, each of an independent wavelength.     Referring this information to
the plots of    4. Apparatus as set forth in Claim 3, includ- 60  FIGURES
5A-5D, for "Colts Neck Loam"  ing means for inverting the logarithmic power
the voltage at terminal 56 of FIGURE 1 would  difference signal of one
wavelength.      125     indicate that at 12 microns the emissivity is   5.
Apparatus as set forth in either of Claims     greater than at 9 microns by
a factor of 1.11.  3 or 4 including means for biasing each of         7
1,257,121                                           7     1     Similarly,
the signal on terminal 89 is  Similarly, for "Green Mountain Laurel" the
weighted by means of variable resistors 102  emissivity at 12 microns is
greater than at 9  65    and 104 prior to being transmitted to summing
microns by a factor of 0.057. On the other    networks 100 and 106,
respectively. A signal  hand, for "Zinc Oxide Paint" and "Ferrous 5  at
terminal 90, after being weighted by means  Oxide Paint", the signal at
terminal 56     of a variable resistor 108 connects to the  indicates that
the emissivity at 12 microns is     summing network 106. The third input
signal  less than at 9 microns for these materials.  70     to each of the
summing networks 94, 100 and  Thus, by comparing the difference voltage at
106 is transmitted from terminal 88 through  terminal 56 with known
emissivity curves, a 15  an inverter amplifier 110.
particular material can be identified. To en-       For N spectral bands,
it is only necessary  hance the ability of positively identifying a     to
have N-2 independent groupings to obtain  material, additional spectral
bands would be  75     all of the information available for pattern
employed such as shown in FIGURE 4. The     recognition. However, for
accuracy considera-  more difference signals produced, the greater 10
tions, the redundancy provided by additional  the chance of positive
material identification.     groupings might be desirable. Calibration of
While several embodiments of the invention,     the system  shown  in
FIGURE  4 would  together with modifications thereof, have been  80
proceed by first adjusting the resistors 92 and  described herein and shown
in the accompany-     96 until the output of the summing network  ing
drawings, it will be evident that various 20  94 is zero for radiant energy
from two refer-  further modifications are possible in the     ence sources
positioned at the target 10 loca-  arrangement and construction of
components     tion and compared with the energy from the  without
departing from the scope of the inven-  85     reference source 24. The
first reference source  tion as set forth in the appended claims.     at
the target location would be at the tempera- 25  ture of the reference
source 24 but have a    WHAT WE CLAIM  IS: -     different emissivity, and
the second reference    1. Apparatus for radiometric target identi-
source at the target location would have the  fication comprising: means
responsive to the     same emissivity at a different temperature.
radiation power emissible from a target and  90     Next, the resistors 98
and 102 are adjusted  emissible from a reference source at several 30
until the output of the summing network 100  independent wavelength bands
for generating     is zero and finally the resistors 104 and 108  a power
difference signal free of extraneous     are adjusted until the output of
the summing  radiation power signals for each wavelength     network 106 is
zero for both reference sources  band, and means for producing a
temperature  95     at the target location. Note some back and  independent
target composition identification 35  forth adjustment may be required to
produce  signal from  pairs of said power difference     the desired zero
output signals. Non-gray  signals at two independent wavelength bands.
bodies will produce finite values at the output    2. Apparatus as set
forth in Claim 1, includ-     terminals of the networks 94, 100 and 106
ing means for weighting each of said power 100     which can be combined in
a recognition filter  difference signals from said responsive means. 40
(not shown) to identify the composition of the   3. Apparatus for
radiometric target identi-     target 10, independent of temperature. A
target  fication  comprising:  at least two means     temperature signal
can be generated by the  responsive to the radiation power emissable
system of FIGURE 4 by adding the additional  from a target and emissible
from a reference 105     circuitry as described above for FIGURES 1
source, each said responsive means being effec- 45  and 3.
tive for generating target and reference source       Referring to FIGURES
5A-5D, there is  signals for a preselected wavelength, means for     shown
the emissivity versus wavelength curves  producing a radiation power
difference signal     for four typical materials. The following table  for
each of said responsive means from the  110     illustrates how the
temperature independent  target and reference source signals independent 50
signals of the systems described above can be  of extraneous radiation
power signals, means     used to classify infrared targets; the wave-  for
weighting the radiation power difference 



lengths chosen for this sample were 9 and 12  signals, amplifier means for
each of said     microns:                                      weighted
power difference signals effective to  115
generate a signal equal to the logarithm of the              Material
p(9,12)       quotient of the target and the reference radia- 55      Colts
Neck Loam               1.11        tion power levels, and means for
producing          Green Mountain Laurel        0.057       temperature
independent target identification          Zinc Oxide Paint
3.96        signals from at least two of the power differ- 120
Ferrous Oxide Paint           5.40       ence signals as generated by said
amplifier                                                   means, each of
an independent wavelength.     Referring this information to the plots of
4. Apparatus as set forth in Claim 3, includ- 60  FIGURES 5A-5D, for "Colts
Neck Loam"  ing means for inverting the logarithmic power     the voltage
at terminal 56 of FIGURE 1 would  difference signal of one wavelength.
125     indicate that at 12 microns the emissivity is   5. Apparatus as set
forth in either of Claims     greater than at 9 microns by a factor of
1.11.  3 or 4 including means for biasing each of           8
1,257,121                                         8      said weighted
power difference signals from a  therefrom, and  producing  a  temperature
DC voltage source.                           independent target composition
identification  35       6. Apparatus as set forth in any of Claims  signal
from at least two of said power differ-     3 to 5 wherein said amplifier
means produce  ence signals of independent wavelengths. 5  logarthmic
signals  thereby  removing  the    11. A method as set forth in Claim  10
product of relative emissivity change and  including the step of weighting
each of said     relative reference source power change from  power
difference signals.                    40     the weighted power difference
signal for each  12. A  method as set forth in Claim  11     wavelength.
including the step of generating the logarithm 10    7. Apparatus as set
forth in any preceding  of the power difference signals prior to pro-
Claim  wherein said means for producing a  ducing the temperature
independent composi-     temperature independent target composition  tion
identification signal.                    45     identification signal
includes a difference net-    13. A method as set forth in Claim  12
work for subtracting two of said power differ-  including the step of
biasing the weighted 15  ence signals.                                power
difference signals prior to taking the       8. Apparatus as set forth in
any preceding  logarithm thereof.     Claim including means for producing a
target    14. A method as set forth in any of Claims  50     temperature
signal from pairs of said power  10 to 13 including the step of producing a
difference signals at two independent wave-  target temperature signal from
at least two 20  lengths.                                      of said
power difference signals of independent       9. Apparatus as set forth in
Claim  8,  wavelengths.     wherein said means for producing a target
15. A method of or apparatus for radio-  55     temperature signal includes
a summing net-  metric target identification substantially as     work for
adding two of said power difference  herein described with reference to
Figures 1 25  signals.                                      and 2 of the
accompanying drawings or       10. A method of radiometric target identi-
modified as described with reference to Figure     fication comprising:
generating at least two  3 or Figure 4 of these drawings.          60
signals representing the power difference     between radiation power
emitted from a target             ABEL & IMRAY, 30  and radiation power
emitted from a reference           Chartered Patent Agents,     source at
selected wavelength bands, said              Northumberland House,
power difference signals having extraneous             303-306 High
Holborn,     radiation power signals effectively removed
London, WC1V 7LH.            Printed for Her Majesty's Stationery Office by
the Courier Press, Leamington Spa, 1971.           Published by the Patent
Office, 25 Southampton Buildings, London, WC2A 1AY, from
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