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Atmospheric correction method based on HJ-1 CCD data
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Abstract: We proposed a new atmospheric correction approach for HJ-1 CCD datasets, in which the aerosol optical depth (AOD)

is acquired based on the relationships between surface reflectance of the blue band and red band over dense dark vegetation (DDV)

regions. The atmospheric correction look-up tables (LUTs) were introduced to provide atmospheric correction coefficients under

different aerosol loadings and sun-view geometry. The comparison of the results with intraday MODIS (Moderate Resolution

Imaging Spectroradiometer) surface reflectance out-puts (MODO09) indicated the proposed atmospheric correction method has

preferable accuracy. We did uncertainty analyses from the aspects of AOD retrieval accuracy, radiometric calibration accuracy,

altitude impact and atmospheric water vapor con-tent impact.
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1 INTRODUCTION

Environment Satellite 1 (HJ-1) launched in September 2008
in China, which is the first satellite used for environmental and
disaster monitoring in large-scale dynamical and around-the-clock
(Wang, 2010). The features of wide coverage, high spatial resolu-
tion and high temporal observation frequency enable it suitable for
environmental and disaster monitoring. However, signatures are re-
ceived by the HJ-1 CCD, which are contaminated by the effects of
atmospheric particles as they absorbing and scattering of the solar
radiation. These effects normally result in distortion of the actual
reflectance and subsequently affect the extraction of information
from images. It is necessary to accurate removal of atmospheric ef-
fects to retrieve quantitative information from HJ-1 CCD data.

Atmospheric correction is the process of removing the effects
of the atmosphere and converting satellite received signature into
ground reflectance. According to the characteristics and complexity
of frequently-used models, atmospheric correction approaches can
be divided into physically-based, image-based and relative correc-
tion methods (Had-jimitsis, et al., 2004).

Physically-based method is developed mainly based on prin-
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ciples that electromagnetic waves transfer in atmosphere. These
methods are the most complex and highly accurate ones used for
retrieving surface reflectance. Yet, they are time-consuming and
require in-situ measurements about the atmospheric composition,
such as atmospheric water vapor content, aerosol optical charac-
teristics and spatial distribution of ozone concentration in the ex-
perimental regions. Different atmospheric profiles may have large
influences upon the accuracy of atmospheric correction (Jimenez-
Munoz, et al., 2010).

With image-based method, an image can be corrected by image-
ry itself rather than assisting with in-situ measurements, the method
can be used in more sophisticated research designs (Lu, et al.,
2002). Dark-object method, also known as the histogram minimum
method (Hadjimitsis, et al., 2010; Liang, et al., 2001), which is
one of the most commonly used image-based methods, the method
presumes that the satellite received signatures from a dark object is
mainly contributed by the atmosphere at visible wavelengths. These
kinds of methods may not work well if the dense vegetations are
not widely distributed in the regions covered by satellite pixels.

Relative atmospheric correction approaches are inherently em-
pirical and ground on the assumption of the existence of simple
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linear relationships among continuous time series images and the
dominance of stable features in the scene (Song, et al., 2001). These
methods can be used to normalize digital number values among
multi-temporal images, which are essentially statistical methods,
and useless in removing atmospheric impacts. Thus the relative
correction methods are not available for quantitative analysis.

Atmospheric correction is the first critical processing step and
may affect subsequent steps in application cases of remotely sensed
imagery. Until now, correction of atmospheric effects on satellite
imagery has not been achieved operationally (Wang, 1999; Song,
et al., 2001). The purpose of this research is to develop an atmos-
pheric correction method for HJ-1 CCD datasets, and to solve gen-
eral atmosphere and surface conditions and the method is therefore
suitable for operational applications. In the settings of HJ-1 CCD
cameras, the absorption caused by water vapor and other gases can
be ignored (Lu, et al., 2002), thus only atmospheric aerosols need
to be considered. Richter (1990) suggested that the estimation of
ground reflectance can be achieved via a series of atmospheric cor-
rection functions compiled using an RTM for different simulated
atmospheres, aerosol loadings, and observed conditions. In this
paper, we proposed an atmospheric correction approach based on
pre-created look-up tables to provide correction coefficients ac-
cording to different atmospheric parameters and different sun-view
geometrics.

2 CREATION OF LOOK-UP TABLES

It is computationally prohibitive to run a radiative transfer
model for every pixel within daily datasets to provide atmospheric
correction coefficients. In our research, we created LUTs using 6S
(Second Simulation of Satellite Signal in the Solar Spectrum) code
to achieve those targets for a variety of sun-view angles and aerosol
loadings. The following inputs are necessary: sun-view geometrics,
aerosol model (type and concentration), atmospheric model and
gaseous components, ground reflectances (type and spectral varia-
tion), and spectral conditions (Zhao, et al., 2000).

As atmospheric conditions vary significantly both temporally
and spatially merely in virtue of molecular scattering and absorp-
tion, it is difficult to specify atmospheric conditions within a large
area. Moran, et al. (1992) and Zhao, et al. (2000) reported that the
impact on the precision of atmospheric correction by a standard
model is comparable to that by an in-situ model. Therefore, we se-
lect standard atmospheric models (the middle latitude summer/win-
ter atmospheric model) and standard aerosol model (the continental
model) as our inputs on the assumption of homogeneous Lamber-
tian reflectance characteristics.

The quantitative levels of input parameters in 6S code need to
be determined by considering the tradeoff between computation
accuracy and time required. The influences caused by different
settings are discussed before creating LUTs. The simulations were
proceeded based on the following original settings: apparent re-
flectance is 0.3, solar zenith angle is 50°, view zenith angle is 20°,
relative azimuth angle is 90°, mid-latitude summer atmospheric
model, continental acrosol model and aerosol loadings at 550nm is
0.5. Results illustrate that AOD is the most important uncertainty
parameter. Depending on the sensitivity analysis, we set aerosol
concentration as 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.8, 1.0, 1.5, and 2.0.

Meanwhile, we specified the sun-view geometrical grades as fol-
lows: six sensor zenith angles within the observational range of
HJ-1 CCD with a step of 6°, eighteen solar zenith angles from 0°
to 85° with a step of 5°, nineteen relative azimuth angles from 0°
to 180° with a step of 10°. Then LUTs of atmospheric correcting
coefficients were installed off-line.

3 AOD RETRIEVAL

Atmospheric correction necessitates the accurate estimation of
the effects of multiple scattering, which are strongly dependent on
the aerosol size distribution, concentration, and absorption proper-
ties (Gordon, 1997). Thus, the accurate retrieval of aerosols is the
pivotal step.

Currently, the mostly used AOD retrieval approach over land
is the dense dark vegetation (DDV) method in which low surface
reflective property in the red and blue bands are utilized to distin-
guish land surfaces and AOD, especially in shortwave infrared (IR)
near the 2.1 pm band. For the blank in shortwave infrared band,
determination of surface reflectance for HJ-1 CCD imagery is
comparatively difficult, and consequently, the retrieval of AOD dis-
tributions (Sun, et al., 2010). Although aerosol loadings can be ob-
tained over some regions from vegetation indexes, such as NDVI,
the correction accuracy is still affected significantly by aerosol and
the determination of DDV regions has great subjectivity (Kaufman,
et al., 1997b). The method proposed by Sun, et al. (2011) is used
here to retrieve aerosol loadings, which uses MODIS surface re-
flectance output (MODO09) as the priori datasets to support HJ-1
CCD aerosol retrieval. The MODO09 was used to provide the per-
centage of dense vegetation distributions, and AOD was retrieved
based on the relationships between surface reflectance of red and
blue bands over DDV regions.

AOD usually distributes more smoothly than that of surface
reflectance (Hagolle, et al., 2008; Liang, et al., 2001). In a local
region, we considered that the variation of sun-view geometry and
aerosol loadings have negligible influences on atmospheric cor-
rection accuracy. Therefore, we divided the under-corrected image
to many pieces and determined the prior AOD value in each piece
with the following formulas (take window M for example):

(1)If the window M has at least 10 percent pixels with a suitably
positive value, the AOD value of the window needs to be replaced
with the median value of the ten values;

(2)Otherwise, take the center pixel of the window as a standard,
and search for another window with a size of 10 Nx10 N (N =1,
2, 3, ..., n) until the new window satisfies condition (1). Then, the
median value of these eligible pixel values is used as the aerosol
loading in window M;

(3)If no aerosol loadings have been determined in the end, the
background AOD value of the research area is used in the atmos-
pheric correction.

We finally determined the size of each piece as 20 kmx20 km
according to the above analysis. With this window size, time re-
quired and computation accuracy can get a balance.

4 RESULTS AND EVALUATION

HJ-1 CCD images covering different surfaces were selected
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to evaluate our method. The absence of concurrent in-situ meas-
urements during HJ-1 satellite over-flight was a main obstacle for a
rigorous evaluation of the outputs. MODIS reflectance outputs would
reflect the actual reflectivity of the surface more realistically (Liang,
et al., 2002). In this paper, we selected them as our validating data.

The comparison between corrected HJ-1 CCD image (obtained
on October 4, 2012) and the corresponding MODIS reflectance out-
put is shown in Fig. 1 . After correction, the two images have simi-
lar texture distributions. In mountainous regions, slope and altitude
variations induce strong changes in irradiance and upwelling radi-
ance (Lenot, et al., 2009), and the surrounding relief can also create
shadows and some ground regions may be hidden outside of the
sensor view field. In these regions, the assumption of homogeneous
Lambertian reflectance characteristics would not hold. The most
important reason leading to errors in water regions is the accuracy
of radiative calibration. After the offset is adjusted in radiative cali-
bration, this phenomenon will recede and even disappear.

(a) HJ-1 CCD image

(b) MODIS reflectance output

Fig. 1 Comparison between corrected HJ-1 CCD and MODIS
reflectance output

4.1 Comparison with MODIS

The comparison of typical surface features (vegetation, bare
soil, and water) extracted from HJ-1 CCD and MODIS is shown in
Fig. 2. In near-infrared band, satellite received signature is affected
by atmospheric water vapor content at a certain degree. HJ-1 CCD
reflectance of vegetation at this band is higher than that of MODIS
as we ignored the influence of atmospheric water vapor content.
The comparison results of water reflectance can be explained by
the following reasons: (1) over case 2 waters, chlorophyll, COD,
and TSP content can affect atmospheric correcting accu-racy;
(2) accuracy of radiometric calibration over water has great bias.
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Fig. 2 Surface reflectance comparison of typical surface features

4.2 Normalized difference vegetation index (NDVI)

NDVI can be used to analyze remote sensing measurements,
and assess whether the target observed contains live green vegeta-
tion or not. From the comparison of NDVI distributions between
the corrected images and MODIS products in Fig. 3, we can find
that NDVI values would increase after correction. The visible
bands are mainly influenced by the atmospheric scattering, which
causes image additive effects. Inversely, in the near infrared wave-
length, atmospheric scattering results in image subtraction effects.

(a) HJ-1 CCD image

(b) MODIS image

Fig.3 Comparison of NDVI distributions among corrected HJ/CCD
image and MODIS image

5 UNCERTAINTY ANALYSIS

Uncertainty would arise in the proposed atmospheric correc-
tion owing to many different sources. In this section, some of them
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would be discussed separately.

(1) AOD retrieval accuracy

Quality of the surface reflectance estimation is mainly domi-
nated by the knowledge of AOD (Vermote, et al., 1999), especially
in low surface reflectance regions where the aerosol radiative effect
is stronger. The simulated relations between AOD and corrected
surface reflectance is shown in Fig. 4. Based on the same apparent
reflectance, corrected surface reflectance at each band increases
with higher AOD. With the increase of wavelength, atmospheric
correcting accuracy would decrease because of AOD.
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Fig. 4 Relations between corrected reflectance and AOD

There are many factors leading to errors in AOD retrieval:
(D accuracy of MODIS surface reflectance outputs; (2) effectivity of
the aerosol model; 3 matching errors between MODIS and HJ-1
CCD images; @ differences in observation geometry and surface
bidirectional reflectivity; (5) and filtering method proposed above.

(2) Atmospheric water vapor content

Fig. 5 is the simulated relations between corrected surface re-
flectance and atmospheric water vapor content. With band settings
of HJ-1 CCD sensor, influence of atmospheric correcting accuracy
caused by water vapor content in atmosphere will increase as wave-
length increase, and tends to a saturation state when wavelength
reaches a certain extent. Within the visible range, this influence can
be negligible. In our research, the influence of atmospheric water
vapor content has been ignored.
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Fig. 5 Relationship between corrected reflectance and atmospheric
water vapor content

(3) Radiometric calibration accuracy

Moran, et al. (1995) pointed that sensor sensitivity may degrade
after the preflight calibration. Uncertainty of radiometric calibra-
tion will affect the accuracy of corrected reflectance (Fig. 6).

0357

3

£ 03

2

B 0.25]

3

&

5 024

w
0.15 : : ‘ :
Z0.1 —0.05 0 0.05 0.1

Radiometric calibration accuracy (error percentage)
—+—blue band —&—green band ——red band ——near-infrared band

Fig. 6 Relationship between corrected reflectance and radiometric
calibration accuracy

(4) Influence of target elevation

Target elevation may influence the solar irradiance, water vapor
distribution, and aerosol distribution. A target pixel on the ground
is illuminated by both the direct and diffuse solar radiances and
the radiances from surrounding pixels areas. To account for the de-
pendence of atmospheric correction accuracy on the surface eleva-
tion, simulations are performed separately for different elevations
(Fig. 7). The result indicates that surface reflectance would increase
as target elevation increases in visible bands with more pronounced

behavior in near-infrared bands.

039

. "\f‘\\;\y
g
S 035+
Q
=
Q
[
0.33
031 L 1 L 1 |
0 1 2 3 4 5

Elevation/km

—e—Dblue band —s—green band —a—red band —<—NIR band

Fig. 7 Influence of elevation changes to atmospheric correction
reflectance

Besides the above uncertainty factors, there are some others that
may influence the precision of atmospheric correction, such as the
so-called “adjacency effect”, surface BRDF effects, and look-up
table interpolating method.

6 CONCLUSION

Satellite received signature combines the information of land
surface and atmosphere, especially aerosols. To extract quantitative
information from satellite signature accurately, the atmospheric
effects need to be removed. Since the 1970s, many atmospheric
correcting methods have been developed, from the earlier empirical
line method and flat field method to more recent methods based on
rigorous radiative transfer modeling.

In our research, a new method for HJ-1 CCD atmospheric cor-
rection has been proposed, which was implemented based on pre-
calculated look-up tables providing three atmospheric correction
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coefficients. In this method, we retrieved AOD values based on the
relationships between blue and red bands over dense vegetation
areas. The comparison with intraday MODIS surface reflectance
outputs indicated that this atmospheric correction approach has a
high accuracy. This atmospheric correction approach has been used
on HJ-1 CCD datasets operationally. At last, we did uncertainty
analyses from the aspects of AOD retrieval accuracy, radiometric
calibration accuracy, and influence of target elevation, atmospheric
water vapor content and other factors.

Implement of this atmospheric correction approach has great
scientific significance. However, this approach cannot be used if
the research areas have no dense vegetation distribution. Besides,
this method has coarse precision in mountainous and water regions.
These problems would be solved in future along with further inves-
tigation.
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