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Abstract. The paper presents an experimental research of proposed method of
atmospheric correction of hyperspectral remote sensing data. The method is
based on approximate solution of MODTRAN transmittance equation using
simultaneous analysis of remote sensing hyperspectral image and an ideal hy-
perspectral image of the same territory. Results of experimental research imitat-
ing conditions of practical method usage are presented.
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1 Introduction

Atmospheric correction is one of the important stages of remote sensing data pre-
processing especially in the case when the image analysis is based on the detected
radiance spectral components [1,2,3]. The difference between sensor detected radi-
ance and true surface radiance depends on many factors: solar declination, position of
satellite vehicle, imaging angle, composition and moisture of atmosphere, etc. All
these factors are taken into account in the generalized transmittance equation [4].
However, even with such detailed model of the atmosphere, it is difficult to solve
precisely the problem of atmospheric correction because of the large number of un-
known parameters which require a significant number of surface and meteorological
measurements. Furthermore, the observed surface is not Lambertian usually and it is
required to simulate a bidirectional reflectance distribution function for such surface
reflectance modeling, which also requires laboratory studies of the structural and
optical properties of materials [4].

There are a lot of methods and algorithms, that are used for the atmospheric correc-
tion of hyperspectral images: Scene-Based Empirical Approaches [5-8], Radiative
Transfer Modeling Approaches [9-11] and Hybrid Approaches [12-16]. The paper

Information Technology and Nanotechnology (ITNT-2016) 256



Image Processing, Geoinformatics and Information Security Belov AM. et al...

presents an experimental research of the method of atmospheric correction of remote
sensing hyperspectral images [15,16] which belongs to the hybrid approaches group.
The method is based on approximate estimation of parameters of simplified
MODTRAN transmittance equation. There is no need to model the atmosphere ex-
plicitly with this approach, the problem reduces to the determination of the unknown
coefficients of the equation, and all the details of light passing through the atmosphere
remain in the model. However, such a solution requires an ideal (i.e. free from atmos-
pheric distortions) hyperspectral image of the same territory. There is provided to use
low-flying airborne hyperspectral imaging or ground station hyperspectral imaging. It
is obvious that spatial resolution of the ideal image differs from the spatial resolution
of the distorted image, moreover a set of ideal images overlaps the distorted image
incompletely in common case. These facts require additional research.

2 Method overview

In the MODTRAN model the following simplification of transmittance is used [17]:

ApGi, i), Bpe(i.J)
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where i =1...M, j=1...N are coordinates in image plane, L(i, j) — detected radi-
ance, p(i, j) — target pixel reflectance, p. (i, j) — surrounding pixels reflectance, L,
— radiance of the atmosphere backscattering, A, B — coefficients which depend on
atmospheric and geometry condition, S — atmospheric spherical albedo.

In common case values of A, B, S, L, are calculated by the MODTRAN model [18],

however for the accurate calculation of these parameters it is necessary to have a
model of the atmosphere consistent to the place, time, and weather conditions of im-
aging. In the absence of necessary parameters of the atmosphere model it is possible
to perform atmospheric correction by an approximate solution of equation (1).

From each pixel of the ideal image we can define p(i, j) and p, (i, j) by averaging
within processing window. From atmospherically distorted image we can define
L(i, j). Thus, it is necessary to determine the four unknown parameters: A, B, S, L, .
The equation (1) is quadratic respective to the unknown parameters. However by
fixing a certain value L, = L; we proceed to linear equation respective to the un-
known parameters A, B, S . Thus, writing equation (1) for each pair of corresponding
pixels of ideal and source HSI, we have an overdetermined system of MN linear
equations with three unknowns A, B, S .

Information Technology and Nanotechnology (ITNT-2016) 257



Image Processing, Geoinformatics and Information Security Belov AM. et al...

Ap(LL)}+Bpe (L1)+Spe (1,1)( L(L1)-Ly ): L(L1)-Ly

A2} Bre(t2hspe(t2( LL2H-C3 |-La2)-L | @

'/;‘\.p(M N)+Bpg(M,N)+Spg(M ,N)(L(M,N)—LE):L(M N)-Ly

To determine the unknown parameters it is proposed to use the method of least
squares.

A fixed value of the parameter L, = L is determined in accordance with assumption
that the value must be in interval [0, min L, (i, j)]. Further, when iterating the interval

with the step AL, , for each value L; =KAL,, k € N is necessary to find a solution

x =[A B SJ of (2) and then choose the value of L =KAL,, k N that mini-
mizes the error.

Atmospheric correction of distorted image is performed according to the formula
[17]:
- A .
LG, j)-La+ E(L(I’ i)-Le(. )
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where L ( ) - spatial averaging of the detected radiance, and the meaning of the

other parameters is similar to the equation (1).
The quality criterion of atmospheric correction based on a comparison of the ideal and
the corrected image which applied in experimental research is calculated as:

where g, - quality criterion for the certain spectral channel which is defined by the
following expression:
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where T, (i, j) - sample of the ideal image, (i, j) - sample of the corrected image.

In fact, the above mentioned criterion is the averaging of the standard deviation nor-
malized to the dynamic range of the channel of ideal image.
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3 Experimental results

We assume that ideal images and remote sensing data are obtained from different
sources and spatial resolution of ideal images is higher and a set of ideal images over-
laps a distorted image incompletely. Some experiments that imitate such conditions
were carried out. Hyperspectral image JasperRidge98av.img obtained from AVIRIS
aircraft was used as a source atmospherically-distorted image and the same image
corrected by FLAASH algorithm was used as an ideal image.

To research the efficiency of the algorithm in conditions when the spatial resolution
of source and ideal images differs following experiments were carried out:

A 256*256 pixels fragment of the ideal image was expanded by a factor of 2, 3 and 4.
An expansion was performed by pixel duplicating. In a similar way the ideal image
fragment was contracted by a factor of 2 and 4. Contraction was performed by pixel
averaging. Parameters of the transmittance equation were calculated using contracted
and expanded fragments. Atmospheric correction of the source image was performed
using calculated parameter sets. The quality criterion & was calculated for corrected
images. Dependency of quality criterion & from expansion and contraction factor E
presented on figure 1.

Presented graphics show that quality criterion varies slightly for an expansion case
and significantly for a contraction case. Thus we can conclude that proposed method
can satisfactory be used when spatial resolution of the ideal image is higher that spa-
tial resolution of source image and cannot be used in contrary.
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Fig. 1. Dependency of quality criterion € from expansion and contraction factor E : a) expan-
sion, b) contraction
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To research an influence of percent of overlapping of source and ideal images S
following experiments were carried out:

Fragments of the ideal image that overlaps from 10 to 90 percent of source image in
horizontal and vertical way were obtained. Parameters of the transmittance equation
were calculated using these fragments. Atmospheric correction of the source image
was performed using calculated parameter sets. The quality criterion & was calculated
for corrected images. Dependency of quality criterion € from overlapping percent S
for a both cases presented on figure 2.
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Fig. 2. Dependency of quality criterion € from overlapping percent S : a) vertical slicing, b)
horizontal slicing

Significant increasing of atmospheric correction quality for overlapping percent 20
and 30 gave us reason to carry out additional experiments. Dependency of quality
criterion for g, from overlapping percent S was studied for certain spectral channels.

Experiment showed that such unexpected local quality increasing is typical for spec-
tral channels 144-224 (fig 3 b), for channels 1-143 dependency is monotonic increas-
ing (fig 3 a).

Further statistical analysis of the ideal image showed that channels 144-224 contain a
number of outliers affecting on parameters estimation and on atmospheric correction
quality respectively. This fact complains that we obtain a better quality while use a
reduced amount of source data. In this context there is a problem of increasing ro-
bustness of the method of atmospheric distortion parametric estimation. Since least
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squares method is high sensitive to outliers the idea for futher modification is to use a
special preprocessing algorithm in order to adjust data.

Conclusion

Experimental research showed that proposed method is applicable for practical usage
in atmospheric correction problem. Difference between reflectance values for ideal
and corrected images for some spectral channels showed that proposed method re-
quires a further modification aimed to adjust source data.
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Fig. 3. Dependency of quality criterion &) from overlapping percent S for vertical slicing: a)
spectral channel 20, b) spectral channel 180
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