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Atmospheric correction on CCD data of HJ-1 satellite and
analysis of its effect
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Abstract: The radioactive transfer process in the surface-atmosphere-remote sensor can be simulated by the atmospheric ra-
dioactive transfer model MODTRAN 4, thus the top of the atmosphere (TOA) radiance with the corresponding atmospheric
parameters can be acquired. Based on the look-up table (LUT) which is generated by simulation, the surface reflectance from
CCD data of HJ-1 satellite can be retrieved. Then, the effect of atmospheric correction on CCD data of HJ-1 satellite is analyzed
in terms of the spectral curves, comparison with MODIS surface reflectance products, and the normalized difference vegetation
index(NDVI). The results show: (1) Atmospheric correction on CCD data of HJ-1 satellite can eliminate the “increase” effect of
the atmosphere. (2) The reflectance of vegetation and settlement place from atmospheric corrected CCD data of HJ-1 satellite is
well consistent with those from MODIS surface reflectance data products, with less than 20% in error between these two surface
features for the four bands of CCD data of HJ-1 satellite. (3) The difference of NDVI between vegetation and other objects after
atmospheric correction has been increased, which indicates the atmospheric correction can highlight the vegetation information.
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1 INTRODUCTION

data is one of the basic processes in quantitative remote sensing.

Due to the fact that China is one of the countries with the most
serious natural disasters, the satellite remote sensing monitoring
system is demanded to strengthen the disaster monitoring, disaster
warning, and disaster forecasting. Fortunately, HJ-1 satellite can
play an important role in this area. The main missions of HJ-1
satellite are to monitor pollution, ecosystem destruction and natural
disaster on large-scale dynamics and around the clock. In the mean-
time, it also forecasts development and changes of eco-environment
and natural disaster and evaluates environmental quality and disas-
ter damage immediately and scientifically (Wang & Wang, 2006;
Wang, et al., 2008). These missions of HJ-1 satellite are insepara-
ble from the quantitative analysis of remote sensing. For example,
in the eco-environment, we have vegetation index, leaf area index,
soil water content and other geophysical variables through quanti-
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The extinction caused by the scattering of atmospheric molecules
and aerosols, and the absorption of ozone and gases such as water
vapor can greatly influence the signals received by sensors, the spa-
ceborne and airborne remote sensing information therefore can not
directly characterize the surface objects. Moreover, a large number
of inversion algorithms are based on surface reflectance which is
actually obtained after atmospheric correction. Therefore, atmos-
pheric correction is an essential part in quantitative inversion of
land surface parameters.

Current atmospheric correction models can generally be summa-
rized as follows: image feature-based model, the linear regression
model based on the prior knowledge of the ground, and theoretical
models of atmospheric radiative transfer (Zhao, 2004). The im-
age feature-based model just utilizes the information of the remote

Foundation: The National Research program (973 program) (No.2007CB714402); The National High Technology Research and Development Program of
China(No.2008 AA12Z107); Special Grant for Prevention and Treatment of Infectious Diseases (N0.2008ZX10004-012)

First author biography: ZHENG Sheng (1988— ), male, graduated from China University of Geosciences (Wuhan), majoring in geography
information system in 2009, is a graduate student from Institute of Remote Sensing Applications of Chinese Academy of Sciences now. Currently, he is engaged
in the applications of spatial information technologies in public health and remote sensing inversion of forest parameters. E-mail: zhengsheng1213@163.com

Corresponding author: ZHANG Hao(1974— ), male, received the Ph.D. degree from Beijing Normal University, is an associate professor from
Institute of Remote Sensing Applications of Chinese Academy of Sciences. Currently, he is engaged in remote sensing inversion of forest parameters. E-mail:

zhangh@irsa.ac.cn

CAO Chunxiang(1964— ), female, professor of Institute of Remote Sensing Applications of Chinese Academy of Sciences. She received the Ph.D.
degree from Hiroshima University. Her interests are the applications of spatial information technologies in public health and remote sensing inversion of forest

parameters. E-mail: cao413@irsa.ac.cn



710 Journal of Remote Sensing

#ERER 2011, 15(4)

sensing images, so there are large noises in the corrected images
by means of this model at different levels. The linear regression
model based on the prior knowledge of the ground requires the
ground spectral measurements synchronously at the calibration
point, on top of which the calibration point should both be uniform
and small. The theoretical models of atmospheric radiative transfer
can describe the scattering, absorption process of the atmosphere
reasonably, and it is based on the accurate radiative transfer models
and available methods of obtaining atmospheric parameters. The
current radiative transfer models include MODTRAN, ACORN,
HATCH, etc (Matthew, ef al., 2002).

MODTRAN model is an improved version of LOWTRAN
model by increasing the spectral resolution of LOWTRAN model
from 20 cm™' to 2 cm', which includes a molecular absorption al-
gorithm with the 2 cm™' spectral resolution and the improved treat-
ment of the relationship between the atmospheric pressure and the
temperature of the molecular absorption. Also, it maintains basic
procedures and structures of LOWTRAN 7 model. In the program
processing, MODTRAN model basically follows the structure of
LOWTRAN model, and can be used as the choice of the computing
power in the middle spectral resolution without interfering the orig-
inal implementation. MODTRAN model is better than LOWTRAN
when the atmosphere height is higher than 30 km. The input param-
eters of the MODTRAN model can be divided into five categories:
satellite operation parameters, sensor parameters, atmospheric
parameters, observation geometry and surface parameters (Berk, et
al., 1999; Wu, et al., 1998).

In this paper, we apply the atmospheric radiative transfer model
MODTRAN 4 to conduct atmospheric correction on CCD data
of HJ-1 satellite. The apparent radiance under the corresponding
atmospheric parameters can be simulated by MODTRAN 4, which
are further used to built the look-up table. Thereafter, atmospheric
correction on CCD data of HJ-1 satellite is achieved pixel by pixel.

After that, the effect of atmospheric correction on CCD data of
HIJ-1 satellite is discussed in terms of the spectral curves, compari-
son with MODIS surface reflectance products, and the NDVI.

2 THEORY OF ATMOSPHERIC CORRECTION

The airborne imaging process more or less follows the path
like this: the signals reflected by the land surface penetrate the
atmosphere before returning to satellite sensor; during the process
they will suffer atmospheric extinction due to the scattering and
absorption. Therefore, the signals received by the sensor are mixed.
Applying the radiative transfer model MODTRAN 4 to simulate
this process, we can retrieve the surface reflectance from CCD data
onboard HJ-1 satellite. During the inversion process, there are three
main variables involved: apparent radiance, apparent reflectance,
surface reflectance.

2.1 Apparent radiance computation

Computing the apparent radiance is meant to utilize the calibra-
tion coefficients to convert the DN values of the original images to
apparent radiance, which is the basis of quantitative inversion. Ap-
plication of remote sensing data depends largely on the accuracy of
the calibration coefficients. DN values can be converted to apparent
radiance through Eq. (1).

L, =(DN /gain)+ bias (1)
where L, denotes the measured apparent radiance; DN refers to
pixel value in the original image; gain is sensor’s corresponding
gain; bias is sensor’s corresponding bias. For the CCD data of
HIJ-1 satellite, the calibration coefficients can be acquired from
the metadata file, which are included in the downloaded data. The
CCD1 data of HJ-1A satellite are used in this paper when applying
the effect analysis of atmospheric correction, and the corresponding
calibration coefficients are showed in Table 1.

Table 1 Correction coefficients of HJ-1A CCD1

Bandl Band2 Band3 Band4
(0.41—0.52 pm) (0.52—0.60 pm) (0.63—0.69 pm) (0.76—0.90 pm)
Gain(DN/W-m™ st - um™) 0.5763 0.5410 0.6824 0.7209
Bias(W-m ™ sr'-pm") 9.3183 9.1758 7.5072 4.1484
2.2 Algorithm of Apparent reflectance o - nL,d’ 2)
“ ESUN,cos6,

Upon implementing the radiometric calibration of the remote
sensed images, we can convert apparent radiance to apparent re-
flectance through Eq. (2). The apparent radiance L, in the Eq. (2)
denotes the spectral radiance from the top of the atmosphere into
the satellite sensor, and it includes both the surface radiance and the
atmospheric radiance. Therefore, the apparent reflectance on top
of the atmosphere is also the sum of the surface reflectance and the
atmospheric reflectance (Chi, et al., 2005). Therefore, the effect of
atmospheric correction can be analyzed through comparing the ap-
parent reflectance and surface reflectance.

In the Eq. (2), p, represents the apparent reflectance of A-band.
L, refers to the apparent radiance of /-band. d is the Earth-Sun dis-
tance in astronomical unit, and the value can be obtained through
interpolating values in Table 2 (Landsat Project Science Office,
2009). ESUN, is the solar spectral irradiance of 1-band in the upper
atmosphere, and the value can be calculated from the CCD data’s
spectral response functions and the sun illumination data. ESUN,
used in this paper is showed in table 3. 6, denotes the sun zenith
angle (Zhao, et al., 2007).

Table 2 Earth-Sun Distance in Astronomical Unit

Day of year Distance Day of year Distance Day of year Distance Day of year Distance Day of year Distance
1 0.98331 74 0.99446 152 1.01403 227 1.01281 305 0.99253
15 0.98365 91 0.99926 166 1.01577 242 1.00969 319 0.98916
32 0.98536 106 1.00353 182 1.01667 258 1.00566 335 0.98608
46 0.98774 121 1.00756 196 1.01646 274 1.00119 349 0.98426
60 0.99084 135 1.01087 213 1.01497 288 0.99718 365 0.98333
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Table 3 Solar spectral irradiance(w/(m’.um)) in the upper atmosphere for CCD data of HJ-1 satellite

Band1 Band2 Band3 Band4
(0.41—0.52 pm) (0.52—0.60 pm) (0.63—0.69 pm) (0.76—0.90 pm)
HJ-1A CCD1 1914.324 1825.419 1542.664 1073.826
HJ-1A CCD2 1929.810 1831.144 1549.824 1078.317
HJ-1B CCD1 1902.188 1833.626 1566.714 1077.085
HJ-1B CCD2 1922.897 1823.985 1553.201 1074.544

2.3 Algorithm of surface reflectance

Based on the theory of radiative transfer, assuming that underly-
ing surface is homogeneous Lambert, the radiance received by the
sensor on top of the atmosphere can be expressed as Eq. (3) (Liang,
etal., 1997).

Lm = LO +Lﬂ (3)
l-sp =
where L, denotes atmospheric radiance of zero land surface reflect-
ance; T refers to transmittance from land surface to sensor; s is
spherical albedo in the underlying atmosphere; p is pixel reflect-
ance; F, is downward radiation flux density which reaches land
surface (Zhao, et al., 2007).

For atmospheric correction on CCD data of HJ-1 satellite, two
steps are involved in converting the apparent radiance L,, to sur-
face reflectance p through Eq. (3). The first step is to obtain the
corresponding atmospheric parameters. Solar zenith angle can be
obtained indirectly from the header file. Satellite zenith angle can
be obtained from the downloaded satellite zenith file. Horizontal
meteorological range can be converted from the aerosol optical
depth (He, et al., 2003). There are many methods to get the aerosol
optical depth. We can either refer to the dark target algorithm de-
veloped by Kaufman, et al. (1997) to retrieve the aerosol or directly
download daily MODIS aerosol products to roughly estimate the
aerosol optical depth in the study area. The second step is to re-
trieve the surface reflectance through Eq. (3). Firstly, MODTRAN
4 will be run for three times with some atmospheric parameters,
and three different values of surface reflectance (namely, 0, 0.5, 0.8)
are assumed. We can obtain three simulated apparent radiances L,
from the simulations. Then we substitute the three groups of sur-
face p and apparent radiance L, into Eq. (3), and we can establish
a ternary linear equation set involving the variables L, s and TF,/x.
After solving the equation set, we can get L,, s and 7F, /= which
are all a function of the atmospheric parameters. Thus, for the three
variables: atmospheric parameters, surface reflectance and the
apparent radiance, we can obtain the third variable as long as two
of them are known (Liang, et al., 2001).

In this paper, we establish the look-up table through MOD-
TRAN 4 by assuming that underlying surface is a homogeneous
Lambert. Due to the differences in the spectral response functions
for the four bands’ of CCD data, we need to establish the look-
up table for each band. The changes of horizontal meteorological
range, water vapor content, solar zenith angle, satellite zenith angle
and other parameters are usually taken into account during atmos-
pheric correction. Because no water vapor absorption bands for
CCD data, the impact of water vapor is little and is not considered.
When establishing the look-up table, we refer to the look-up table
of MODIS aerosol inversion established by Remerl (2006), and we
also interpolate some values to improve the accuracy of atmospher-

ic correction. The independent variables of the four look-up tables
include the atmospheric model, satellite zenith angle, solar zenith
angle and horizontal meteorological range, and the dependent vari-
ables are L, s and TF, /m in the Eq.(3). The atmospheric model can
be 2 or 3, representing mid-latitude summer or mid-latitude winter,
respectively. The satellite zenith angles are set to 0°, 8°, 16°, 24°,
32°; solar zenith angles are assigned to 0.0°, 6.0°, 12.0°, 24.0°,
35.2°, 48.0°, 54.0°, 60.0°, 66.0°; horizontal meteorological range is
0.4 km, 0.7 km, 0.9 km, 1.2 km, 1.4 km, 1.7 km, 2 km, 2.3 km, 2.6
km, 3.1 km, 3.5 km, 4.0 km, 4.4 km, 5.2 km, 6.1 km, 7.0 km, 7.9
km, 9.6 km, 11.4 km, 13.1 km, 16.6 km, 20.2 km, 23.7 km, 27.2
km, 33.8 km, 40.4 km, 53.6 km, 66.8 km, 80.0 km.

2.4 Conversion between aerosol optical depth and
horizontal meteorological range

Aerosol optical depth is widely used in atmospheric correc-
tion. For example, the MODIS aerosol optical depth product has
been used as one of the input parameters of atmospheric correction
(King, et al., 1992). However, the required input parameter is hori-
zontal meteorological range in MODTRAN 4, which is one of the
independent variables in the look-up table. Therefore, we need to
convert the aerosol optical depth to horizontal meteorological range
during atmospheric correction. According to Lambert-Beer law, we
use the following Eq. (He, et al., 2003).

T, = J‘Zzz N(z,VIS)- EXT(A)ym, (z)dz =—1InT, 4)

where 7, denotes aerosol optical depth; N(z, VIS) is aerosol particle
density coefficient related to height (z) and horizontal meteorologi-
cal range; EXT(Z) is extinction coefficient; 4 is wavelength; m(z) is
atmospheric quality; z, is transmittance caused by aerosol (Zhao, et
al., 2007). We can calculate the aerosol’s transmittance under dif-
ferent horizontal meteorological ranges, seasons, water vapor con-
tents and aerosol modes with MODTRAN 4 to acquire the aerosol
optical depth. Thus the relation between horizontal meteorological
range and aerosol optical depth is established. As the water vapor
effect on the relationship between the two is little (He, ez al., 2003),
it is not considered. Selecting rural aerosol, and dividing seasons
into spring with summer and autumn with winter, we obtain the
relationship between aerosol optical depth and horizontal meteoro-
logical range in rural aerosol properties and two different seasons.
Fig. 1 shows the curve fitting between aerosol optical depth and
horizontal meteorological range in summer and in rural aerosol,
and Fig. 2 shows the curve fitting between inverse aerosol optical
depth and horizontal meteorological range in summer and in rural
aerosol. By means of linear regression analysis of software SPSS
(Mi & Zhang, 2000), the coefficients of curve fitting between in-
verse aerosol optical depth and horizontal meteorological range in
summer and in rural aerosol can be obtained.
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Fig. 1 The curve fitting between aerosol optical depth and horizontal

meteorological range in summer and in rural aerosol
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Fig. 2 The curve fitting between inverse aerosol optical depth and
horizontal meteorological range in summer and in rural aerosol

The fitting result shows are shown as follows:

spring to summer

=0.1202V +0.29735 ®)
1(550)

and autumn to winter
1
t(550)
where #(550) denotes the aerosol optical depth at 550 nm, and V'

=0.14197 +0.1377 (6)

refers to the horizontal meteorological range (km).

3 RESULTS AND ANALYSIS

In this paper, we estimate the surface reflectance of CCD1 data
of HJ-1A satellite in Huzhou, Zhejiang Province on May 9, 2009.
The study area is located around 30°48’' N, 120°6’ E. The solar
zenith angle is 18°36' and the atmospheric model used is mid-
latitude summer with rural aerosol mode. According to the row-
column numbers where the study area is located in the CCD1 data
of HJ-1A satellite, we can get the satellite zenith angle of the study
area which is 9° from the downloaded satellite zenith angle
file. According to MODIS aerosol optical depth products, we find
that the aerosol optical depth above the study area is 0.325, and
horizontal meteorological range is 23.12 km. With these atmos-
pheric parameters and MODTRAN 4, the look-up table is built and
then atmospheric correction on CCD data of HJ-1 satellite can be
achieved by means of VC™ programming.

3.1 Effect of atmospheric correction on the spectral
characteristics of surface features

There are two ways that the atmosphere can influence ground
targets’ “brightness” or “radiance” recorded by remote sensors. One
way is that atmospheric absorption and scattering will weaken the
solar radiation energy which reaches the ground and the energy re-
flected from the target. The other way is that atmosphere is a reflec-

tor (scattering), which indicates that it will increase the atmospheric
radiance of zero land surface reflectance which in fact contains no
information of ground (Zhao, 2004). For visible bands, they are
mainly influenced by the second way. In this paper, we analyze the
apparent reflectance and surface reflectance on three typical surface
features: water, vegetation, and settlement place.

Reflectance
(=}
(]
(=}

Bands

surface reflectance apparent reflect- surface reflectance

of vegetation " ance of vegetation of water
—+ apparent reflect- ——surface reflectance ~—a apparent reflectance
ance of water of settlement place of settlement place

Fig. 3 The object spectrum from the surface reflectance and
the apparent reflectance

As shown in Fig. 3, three surface features’ spectral responses
of apparent reflectance are higher than those of surface reflectance
in blue band (bandl), green band (band2), red band (band3). Tak-
ing vegetation for instance, comparing the date before and after
correction, we find the largest change rate is 76.6% for blue band,
followed by 41.1% for the green band, then 40.0% for red band
through Eq. (7). This is because of the different selectivity of at-
mospheric scattering; it has larger impact on shortwave, but lower
impact on long wavelength. Atmospheric correction eliminates the
“increase” effect of atmospheric scattering in the visible bands.

f= 2= Pl 100, 7)
Proa
In the Eq. (7), k denotes the rate of change; p, is the surface reflect-

ance after atmospheric correction; p,,, refers to the apparent reflect-
ance before atmospheric correction; symbol “||”” is to calculate the
absolute value.

3.2 Compared with MODIS surface reflectance data
products

To further verify the effect of atmospheric correction, we
compare atmospheric corrected CCD data of HJ-1 satellite with
MODIS surface reflectance products. Although the spatial resolu-
tion of the MODIS surface reflectance product is larger than that
of CCD data, we can find pixels combined by one of these two
surface features from the two kinds of data due to the wide range of
vegetation and settlement place in the study area. Accordingly, no
effect is observed owning to the spatial resolution differences when
comparing the surface reflectance of the two kinds of data for study
area. There are five kinds of MODIS surface reflectance products,
and we use MODO09GA and MODO09GQ products (Vermote, et al.,
2008). MOD09GA provides MODIS band1-7 surface reflectance at
500-meter resolution. To improve the verification accuracy, we just
use blue and green bands; red and near infrared bands are replaced
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by MOD09GQ product which provides surface reflectance at 250-
meter resolution. MOD09GA and MOD09GQ products are both
acquired on May 9, 2009, and it is at the same time when HJ-1A
CCDl1 data is acquired.

It is necessary for us to preprocess the MODIS surface reflect-
ance products before the comparison. Firstly, the projection of
MODIS surface reflectance products is converted to WGS84 ellip-
soid, UTM projection. Then, we clip the study area, and resample
the 500-meter resolution of blue, green bands to the resolution of
MODO09GQ. Lastly, we merge the four bands into one image file.
The processing flow is showed as Fig. 4.

‘ MODIS surface reflectance products ‘

'

‘ projection conversion(WGS84/UTM) ‘

clip the study area

resample the third and forth bands of MODO9GA ‘

v

merge the first and second bands of MOD0O9GQ
with the third and forth bands of MODO9GA

Fig. 4 The preprocessing flow of MODIS surface reflectance products

After resampling the resolution, we begin to compare CCD data
of HJ-1 satellite with MODIS products. We select one pixel from the
two surface features (vegetation and settlement place) randomly in
the study area, and the reflectance values of the two pixels from two
kinds of data are obtained that are showed in Fig. 5. We find that the
surface reflectance of the two surface features from the two kinds of
data is well consistent. According to the Eq. (8), we calculate the er-
rors in Table 4, and we find vegetation’s and settlement place’s errors
from the four bands of CCD data of HJ-1 satellite are within 20%.

e= | Prscen ~ Pwons | %100%

Pniobis ®
where e denotes the error; pyccp refers to the surface reflectance
from CCD data of HJ-1 satellite; pyops refers to the surface reflect-
ance from MODIS; symbol “||” is to calculate the absolute value.

0.35
0.30 /
g 025
g 7/
3 0.20
5 ap
g 015 y e
/P
0.10 il
0.05
0
1 2 3 4
Bands
——vegetation of ——vegetation——  settlement —— settlement
HJ1IACCD1 of MODIS place of place of
HJIACCDI1 MODIS

Fig. 5 The surface reflectance of the vegetation from
HJ-1A CCD1 and MODIS on may 9, 2009

Table4 Errors of surface reflectance between HJ-1A CCD1 and MODIS
/%

Bandl Band2 Band3 Band4
Vegetation 7.4 18.6 12.1 18.0
settlement place 42.1 17.4 11.4 18.8

3.3 Effect of atmospheric correction on NDVI

Because vegetation index is a widely used variable in quantita-
tive remote sensing, and remote sensing and ecological models
which take remote sensing inputs as driving variables need the par-
ticipation of vegetation index (Peng, ef al., 2007). In order to verify
the effect atmospheric correction on CCD data of HJ-1 satellite,
we compare the normalized difference vegetation index (NDVI) of
before atmospheric correction with that of after atmospheric correc-
tion. Some studies (Abduwasit, et al., 2004; Xu & Feng, 2007; Li, et
al., 2008) show that NDVI can verify the effect of atmospheric cor-
rection. The computational formulas of NDVI of before atmospheric

correction and after atmospheric correction are showed as follows:

TOAyy, — TOAggy

NDVI,,, =
T TOAy + TOAgg, ®
Pnir ~ Prep
NDVI, =———
* Pnir T Prep (10)
7 =NDVI,,. -NDVI .. (11)

In the above formula, TOAy and TOAgg, respectively, denote ap-
parent reflectance of near infrared and red bands from CCD data
before atmospheric correction; pyr and pgep refer to surface reflect-
ance of near infrared and red bands from CCD after atmospheric
correction, respectively; NDVI;,, and NDVI, denote NDVI of
CCD data of HJ-1 satellite before and after atmospheric correction;
NDVI,,,. denotes NDVI of vegetation; NDVI;,, denotes NDVI of
water or settlement place.

We randomly select one pixel from vegetation, water, and set-
tlement place in the image, respectively. From Fig.6, we find that
NDVI of the three pixels after atmospheric correction are larger
than that before atmospheric correction. NDVI of vegetation and
settlement place show increase while no evident difference is ob-
served for the water. According to the three selected pixels, we
calculate the mutual differences of NDVI for vegetation water,
and settlement place that are 0.81 and 0.47, respectively, before
atmospheric correction while the values change to 0.95 and 0.54

after atmospheric correction. Therefore, the difference of NDVI

1.0
0.8
0.6

0.4

NDVI

0.2 A
-
-~

~a
-
Wwater

0.0

vegetation settlement place

0.2 surface features

-0.4

—=— NDVI of surface
reflectance

—i— NDVI of apparent
reflectance

Fig. 6 The NDVI from the surface reflectance
and the apparent reflectance
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between vegetation and other objects after atmospheric correction
is enhanced, indicating the atmospheric correction can highlight the
vegetation information.

4 CONCLUSIONS

Timely monitoring environment and disaster in large-scale
dynamics from HJ-1 satellite are inseparable from the quantitative
analysis of remote sensing. Atmospheric correction is the basis
for quantitative analysis and information extracted from satellite
observations. The quality of surface reflectance data determines the
accuracy, quality and availability of its derivative information. On
the assumption that underlying surface is homogeneous Lambert,
we perform atmospheric correction on CCD data of HJ-1 satellite
through radioactive transfer model MODTRAN 4. Then, the effect
of atmospheric correction on CCD data of HJ-1 satellite is analyzed
in terms of the spectral curves, comparison with MODIS surface
reflectance products, and the changes in normalized difference veg-
etation index (NDVI). The main procedures and conclusions are

1) The radioactive transfer process in the surface-atmosphere-
remote sensor can be simulated by MODTRAN 4, thus we generate
the look-up table of atmospheric correction on CCD data of HJ-1
satellite with different atmospheric parameters.

2) According to the look-up table, the atmospheric correction on
CCD data is achieved pixel by pixel through VC™ programming.
Analyzing from the spectral curves, we find atmospheric correction
can largely eliminate the “increase” effect of atmospheric scattering
in the visible bands.

3) Comparing atmospheric corrected CCD data of HJ-1 satel-
lite with MODIS surface reflectance products, the result shows the
surface reflectance of vegetation and settlement place from the two
kinds of data is well consistent, and errors from the four bands of
CCD data of HJ-1 satellite are within 20%.

4) NDVI of vegetation, water, and settlement place are larger af-
ter atmospheric correction, and the difference of NDVI between veg-
etation and other objects after atmospheric correction is enhanced.
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MODTRANR Y 32 2 E X LOWTRANAL Y )
TEA PRI T T ek, B R 20 em ED
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BRI ET 1 X oW SRR BE DG R R A 2
[ Af EFFLOWTRAN 70y AR PP i &G540 . 7F
TJFALFE I, MODTRANZEAREF TLOWTRANZ,
¥, AR A Bt AR T AR BRI I AN T
JFKAYHTT. MODTRAN [LLOWTRAN RE B b1
TR B R T30 kmbd L6452, MODTRANF i A
ZRONEI Bk, Japsds. B34 BRSNS
. KASE WL SRR S i (Berk 45,
1999; I 4, 1998).

A R SR SHE R AIMODTRAN 4528 1
HJ-1 LR CCDEHE RS IE . FIHIMODTRAN 445
PURXT R K SHCF R MER S, I L RS
IEARFR, SRIFIZGICRIEHT-1 TR CCDEME . 7EXT
—5tHI-1A CCD1 WX B 1 T R IE S, Mt
I YEE 2k | S5 MODISHILFE R 5 37 5 b
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2005). PRI, 3 3 00 S ST RN b e S S R H
BT AGMIT KSR IE PR

P “ESUN cosg, @)
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60 0.99084 135 1.01087 213 1.01497 288 0.99718 365 0.98333
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