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Abstract—Four radiative transfer equations for Advanced
Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) bands 11, 12, 13, and 14 are built involving six unknowns
(average atmospheric temperature, land surface temperature, and
four band emissivities), which is a typical ill-posed problem. The
extra equations can be built by using linear or nonlinear relation-
ship between neighbor band emissivities because the emissivity of
every land surface type is almost constant for bands 11, 12, 13,
and 14. The neural network (NN) can make full use of potential
information between band emissivities through training data be-
cause the NN simultaneously owns function approximation, clas-
sification, optimization computation, and self-study ability. The
training database can be built through simulation by MODTRAN4
or can be obtained from the reliable measured data. The average
accuracy of the land surface temperature is about 0.24 K, and
the average accuracy of emissivity in bands 11, 12, 13, and 14
is under 0.005 for test data. The retrieval result by the NN is,
on average, higher by about 0.7 K than the ASTER standard
product (AST08), and the application and comparison indicated
that the retrieval result is better than the ASTER standard data
product. To further evaluate self-study of the NN, the ASTER
standard products are assumed as measured data. After using
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AST09, AST08, and AST05 (ASTER Standard Data Product) as
the compensating training data, the average relative error of the
land surface temperature is under 0.1 K relative to the AST08
product, and the average relative error of the emissivity in bands
11, 12, 13, and 14 is under 0.001 relative to AST05, which indicates
that the NN owns a powerful self-study ability and is capable
of suiting more conditions if more reliable and high-accuracy
ASTER standard products can be compensated.

Index Terms—Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) data, emissivity, land surface
temperature (LST).

I. INTRODUCTION

THE Advanced Spaceborne Thermal Emission and Re-
flection Radiometer (ASTER) is an imaging instrument

aboard the Terra satellite, which was launched in December
1999 as part of the National Aeronautics and Space Admin-
istration’s (NASA’s) Earth Observing System (EOS). ASTER
has 15 bands, which cover the visible, near-infrared, short-wave
infrared, and thermal infrared regions, and the spatial resolution
is from 15 to 90 m. It is mainly used to obtain detailed maps
of land surface temperature (LST), emissivity, reflectance, and
elevation [1].

Many methods have been developed to retrieve the sea sur-
face temperature and the LST from the National Oceanic and
Atmospheric Administration (NOAA)/Advanced Very High
Resolution Radiometer (AVHRR) and Moderate Resolution
Imaging Spectroradiometer (MODIS) data [2]–[17]. The study
of algorithms for retrieving the LST and emissivity from high-
resolution thermal images (like ASTER) is not too much [1],
[18]–[21] because it is difficult to obtain the atmospheric pa-
rameters (like water vapor content).

The retrieval of land surface emissivity and temperature is
a typical ill-posed problem in geophysical parameter retrieval
because the number of unknown parameters is always at least
one more than the number of simultaneous equations that are
available for solution. It is very difficult to exactly separate land
surface emissivity and temperature from thermal radiance mea-
surement if we do not utilize some prior knowledge. Many peo-
ple [1], [10], [13], [16], [18], [20]–[29] made a lot of research
for the separation of land surface emissivity and temperature.
The detailed introduction for different LST/emissivity separa-
tion algorithms has been well discussed by Li and Becker [10]
and Gillespie et al. [1]. Three algorithms of them [1], [10],
[13] are widely used in application. Li and Becker [10] and
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