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Fig. 1. Flowchart of the MaxEnt TES algorithm.
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Fig. 3. Flowchart of the New MaxEnt TES algorithm.
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and signal to noise ratio of Gaussian White noise.
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KRB ) B ¥R

5 B 0 M K 57 28 B E L 23 A2 (University of
California, Santa Barbara) 7£ M A AR T #4 #
Y0 E AR LA R 5 Z (http: //www. ic-ess. ucsb.
edu/modis/EMIS/html/em. html). {EEZEN—41
KARHAY) H br (Natural targets) —2H Ni& 4k H
Fr (Manmade targets), ¥ F New MaxEnt TES 5
EHATOTEOR . HAr A E R NE 2.
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Table 2. Names of typical land targets.

Natural Targets

Manmade Targets

Bark
Grass
Ice
leaf(India Hawthorne)
Salty Soil
Sand(Goleta)
Soil(Oklahoma)

Leaf(Bird of Paradise)

o N O Ut ok W N =

o N O Ot W

Black Krylon Painted Sandpaper
Black Painted Aluminum Disk
Common California Tile
Lumber
Masonry
Sliced Santa Barbara Sandstone
Sterling ST-620 Sand Tile
True Cast Concrete Brick (Grey)
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Fig. 10. Distribution of true emissivity and estimated

emissivity (natural targets).

1.0
0.9 1
jm_i | —«— (True) Lumber ]
5}% —&— (True) Masonry
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[ —— (True) Sliced Santa Barbara Sandstone
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(True) True Cast Concrete Brick (Grey)
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Fig. 11. Distribution of true emissivity and estimated

emissivity (manmade targets).
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Fig. 12. Distribution of true emissivity and estimated

emissivity (natural targets).
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Fig. 13. Distribution of true emissivity and estimated

emissivity (manmade targets).
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Fig. 15. Absolute errors of T and T.
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Fig. 16. RMSE of {¢’},} and {e}}, absolute error of T
and T with target temperature.
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Fig. 17. Relative RMSE of {¢’;} and {e}}, relative
error of T and T with signal to noise ratio of noise.
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Abstract

In the thermal infrared (TIR) waveband, solving the target emissivity spectrum and temperature leads to an ill-
posed problem in which the number of unknown parameters is larger than that of available measurements. Generally, the
approaches developed for solving this kind of problems are called, by a joint name, the TES (temperature and emissivity
separation) algorithm. As is shown in the name, the TES algorithm is dedicated to separating the target temperature
and emissivity in the calculating procedure. In this paper, a novel method called the new MaxEnt (maximum entropy)
TES algorithm is proposed, which is considered as a promotion of the MaxEnt TES algorithm proposed by Barducci.
The maximum entropy estimation is utilized as the basic framework in the two preceding algorithms, so that the two
algorithms both could make temperature and emissivity separation, independent of experiential information derived by
some special data bases. As a result, the two algorithms could be applied to solve the temperature and emissivity
spectrum of the targets which are absolutely unknown to us. However, what makes the two algorithms different is
that the alpha spectrum derived by the ADE (alpha derived emissivity) method is considered as priori information to
be added in the new MaxEnt TES algorithm. Based on the Wien approximation, the ADE method is dedicated to
the calculation of the alpha spectrum which has a similar distribution to the true emissivity spectrum. Based on the
preceding promotion, the new MaxEnt TES algorithm keeps a simpler mathematical formalism. Without any doubt,
the new MaxEnt TES algorithm provides a faster computation for large volumes of data (i.e. hyperspectral images of
the Earth). Some numerical simulations have been performed; the data and results show that, the maximum RMSE of
emissivity estimation is 0.017, the maximum absolute error of temperature estimation is 0.62 K. Added with Gaussian
white noise in which the signal to noise ratio is measured to be 11, the relative RMSE of emissivity estimation is 2.67%,
the relative error of temperature estimation is 1.26%. Conclusion shows that the new MaxEnt TES algorithm may

achieve high accuracy and fast calculating speed, and also get nice robustness against noise.

Keywords: temperature, emissivity, alpha spectrum, maximum entropy
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