1007-4619 (2010) 01-001-12

Journal of Remote Sensing & &4

Vicarious radiometric calibration and validation
of CBERS02B CCD data
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Abstract: A comprehensive calibration and validation experiment of CBERS02B CCD was performed by the Center for Na-
tional Spaceborne Demonstration at the Gongger site on October 12, 2007 in order to support the quantitative application pro-
gram of CBERS02B data and improve the quantitative application level of CBERS02B data. The reflectance-based method was
used to obtain CCD calibration coefficients for the quantitative application program of CBERS02B CCD data. The validation of
the calibration coefficients was carried out at Dunhuang test site to verify reliability of the coefficients. It was shown that the
vicarious calibration results were in good agreement with the measurement values. It was concluded that the calibration coeffi-

cients was highly reliable.
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1 INTRODUCTION

CBERSO02B, the third transmission-type earth resource sat-
ellite jointly financed and developed by China and Brazil, was
successfully launched on 19 September 2007. It added a
brand-new 2.36m optical High-Resolution Panchromatic Cam-
era (HRC) apart from reserving a 258m Wide Field Imager
(WFI) and a 20m Medium Resolution CCD Camera (CCD) the
same as CBERSO02, which achieved complementation and
combination of high and middle resolution data besides
expanding application of the resource satellite. For the sake of
realizing the continuity, stability and reliability of CBERS data,
and improving quantitative application of CBERS02B data as
well, especially monitoring of territorial resources and ecologi-
cal environments, radiometric calibration, as a basic premise
and key factor to quantitative remote sensing, proved to be a
crucial job after launch of CBERS02B. Calibration and valida-
tion of the CBERS02B satellite data would be the precondition
for their quantitative application.

Since there is not onboard calibrator for CCD, vicarious
calibration is an effective method for improving accuracy and
reliability of CCD data in addition to realize quantitative re-
mote sensing of CCD data. Slater er al. (1987) proposed vi-
carious calibration methods which relied on a selected flat and
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uniform target at the time of sensor overpass. These methods
have been proved to be highly accurate and the most in com-
mon use at present, which have been successfully used for cali-
brating Landsat-4,5/TM, SPOT/HRV, NOAA/AVHRR, Nim-
bus-7/CZCS and GOES-7/VISSR with the error of about 3%—

5% (Gu, 2000). Some researchers in our country performed
vicarious calibration for CBERS-02/CCD at Dunhuang test site
(Li, 2006; Fu, 2005; Guo et al., 2006) obtaining effective and
reliable calibration coefficients with the error of 5.79% (Fu,
2005). Some scholars also proposed cross calibration (Teillet ef
al., 2001a), in which a well-calibrated sensor regarded as a
reference sensor was employed to calibrate an uncalibrated
sensor. For example, CBERS-01, 02 CCD were cross-calibrated
by other well-calibrated sensor such as ETM, MODIS and TM
(Li et al., 2005; Tang et al., 2005; Yang et al., 2004). But the
accuracy of the method depended on some factors, such as the
accuracy of well calibrated sensors, these two sensor’s view to
the same target at the same time and accurate match of these
two sensors’s spectral response and view geometry.

Based on the demand of the quantitative application pro-
gram of CBERS02B data, a comprehensive calibration and
validation experiment of CBERS02B CCD was performed by
the Center for National Spaceborne Demonstration at the
Gongger site on October 12, 2007. Reflectance-based calibra-
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tion method was used for calibration of CBERS02B CCD at the

Gongger site and the result was validated by using Dunhuang
test site.

Parameter setting of CBERS02B CCD is shown in Table 1.

Table1 Main parameters of CBERS02B CCD

Bana| WU | S| i | Revis | IOV
/m capability /(°)

1 0.45—0.52

2 0.52—0.59

3 0.63—0.69 20 13 +32 26 8.32

4 0.77—0.89

5 0.51—0.73

2 METHOD AND EXPERIMENT

2.1 Reflectance-based calibration method (Biggar,
1990) '

Reflectance-based calibration method was based on the
ground measurements of surface reflectance over the natural
target, solar extinction measurements in addition to sounding
and meteorologic observations made at the time of the
CBERSO02B overpass on the site. After processing of these data
and match of spectral response between CCD and surface in-
strument, some results were achieved. The results were input to
radioactive transfer code (Vermote et al., 1997), to estimate the
top-of-atmosphere (TOA) radiance or TOA reflectance for CCD
band. Calibration coefficient of CCD band was estimated by
comparing the TOA radiance or TOA reflectance with average
digital count of the CCD image.

The equivalent spectral radiance L; for CCD band i was de-
fined as (Li, 2006)

'R Ay
L= L | R(A)X L(A)dA/ L1 R(A)dA €y

where R(1) was the spectral response of the CCD band at
wavelength A, L{1) was TOA radiance of the CCD band at
wavelength 4.

The calibration coefficient of CCD was be derived by the
relation between the TOA radiance L; and the average digital
count for pixels corresponding to the ground by the following
expression:

L, =(DC; -DCy;)/ q; (2)
where g; was gain, DCy; was offset, DC; was digital count of
CCD band i.

The TOA radiance L; could be expressed as the TOA reflec-
tance as (Vermote et al., 1997):

A’ (64,6,.05,0,) = (RL; (6,60, 05,0, )r 1)) Eqiths  (3)

where 8, 6,, ¢, ¢, was respectively the solar and view zenith
and azimuth angles, L; was TOA radiance of CCD band {, Ey;
was the extra-atmospheric solar spectral irradiance at the mean

distance of the earth and sun, and (r/rg), the earth-sun factor,
was the ratio of the real earth-sun distance to mean distance,
Us=cosb;.

For a uniform lambertian ground of surface reflectance p;
the TOA reflectance p;” was given as (Vermote et al., 1997)

R‘(es’ev'q’s’q’v) = [pAi(os’0V’¢S'¢V) +
(T (u)atu)1-as)il; @

where p,; was the upward scattering reflectance of the atmos-
phere for CCD band i, r; was the global atmospheric transmit-
tance, p; was the surface reflectance, s; was the spherical albedo
of the atmosphere, and T;; was the transmittance of absorptive
gas.

Under the condition of nadir sun irradiance and at the mean
distance of the earth and sun, TOA reflectance calibration for-
mulation could be expressed as:

pi"(6,.0,.0,.0,) = (DC; ~DCy)/c; ®
where ¢; was gain and DCy; was offset of digital count for CCD
band i.

The flow chart of the reflectance-based calibration method

was shown in Fig. 1.
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Fig. 1 Flow chart of the reflectance-based calibration method

2,2 Experiment

2.2.1 The test site

The Gongger test site, a part of the Huailai test site network,
is located at north of Dalinoer Lake in Keshiketeng Banner of
Inner Mongolia (Fig. 2) with an elevation of 1.27km. It belongs
to middle-latitude drought continental monsoon climate. Aver-
age annual precipitation here is only 294.9 mm while evapora-
tion is as high as 2000mm. Total sunshine in these places are as
long as 3066.4h and average cloud cover is 3.875. These facts
mean it is sunny and dry in most time of each year (Gao et al.,
2007). The site has a quite wide area and a flat surface which is
about 4km wide and 5km long. The composition of surface is
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sandy loam soil covered with low vegetation which has been
withered and yellow during the experiment time. It could be
seen from reflectance results which were derived from 50 sur-
face samples in the 2kmx2km area in May 2007 and 1800 sur-
face samples in the 400mx400m area in October 2007, that
average relative error of reflectance in visible and near-infrared
bands for the site was 3.5%—3.7%. These facts show that sur-

face condition and atmospheric characteristic of the site are fit
for calibration during spring and autumn. According to the con-
dition of the site and characteristic of CBERS02B, a section of
400mx400m area of the site was chosen for the calibration of
CBERS02B CCD.

Fig.2 The Gongger test site

2.2.2  Surface spectra measurements

Surface spectra measurements were performed at the site at
the time of CBERS02B overpass on Oct 12, 2007. It took two
hours to collect spectra data for the whole site. The Analytical
Spectral Devices (ASD) Spectrometer was used to obtain the
surface spectra. The spectrometer covered the entire solar re-
flected wavelength range from 350nm to 2500nm with ap-
proximately 3 nm (VNIR) and 10 nm (SWIR) spectral resolu-
tion (David, 2002). In order to obtain surface spectral data as
more as possible, the spectrometer was arranged to automati-
cally collect the spectral data at 2s intervals along the longitude
and latitude directions, during which the panel spectra was
measured every 6min. At the same time, GPS was used to posi-
tion and track the instrument for accurate surface position.
About 3600 spectra data were collected for the site.
2.2.3 Atmospheric characteristic measurements

Atmospheric measurements were made at the place 2 km
away from the test site at the measurement time to obtain at-
mospheric total optical depth, aerosol optical depth, content of
ozone and total column water vapor. Atmospheric aerosol opti-
cal depth was retrieved from the measurement by an automatic
sun tracking photometer CE318, whose arm was to collect
spectral solar direct irradiance data from 7am to Spm. CE318’s
band setting was shown in Table 2 (Yuan et al., 2006). Total
column water vapor was obtained with sounding view outline.
The content of ozone came from NASA TOMS data (Richard,
2007).

Table 2 CE318’s band setting

Band 1 2 3 4 5 6 7 8

Center wavelength /nm 1020 1640 870 670 440 500 936 340
Band width /am 10 6 10 10 10 10 10 2

3 DATA PROCESSING AND RESULT ANALYSIS

3.1 Surface spectral data processing and analysis

In order to diminish the influence of solar irradiance to the
measured value and of automatic measurement mode to the
error of spectral data, 3600 spectra data were divided into
groups at 1min interval. Mean surface spectrum was obtained
by averaging all of surface spectral data in a group during one
minute. In the meantime, the panel spectral data were interpo-
lated at the interval of one minute corresponding to the time of
mean surface spectra. Afterwards, BRF of panel was interpo-
lated according to solar zenith angle at the measurement time.
Then absolute surface reflectance could be obtained by the
expression (Zhang et al., 2001)

v (4)
v(4)

pA)= AA) 6)
where p,(1) was spectral reflectance of the panel, v,(4) and v(1)
were respectively raw digital counts of panel and target on the
same view condition.

A representative spectral reflectance for the site at the time
of overpass on Oct 12, 2007 was obtained after averaging spec-
tral reflectances of all ground samples. It was shown in Fig. 3 in
wavelength range from 400nm to 1100nm. It was noted from
Fig. 3 that the surface reflectance held slow and steady increase
in CCD visible and near-infrared bands. On the one hand, it
presented the characteristic of soil which accounted for little
effect of vegetation on surface reflectance. On the other hand, it
denoted that surface reflectance kept good spectral homogene-
ity. 3.7% relative error also indicated that the surface was spa-
tial homogeneous. In other words, the site was fit for radiomet-
ric calibration.

The reflectance spectra obtained above was changed into the
equivalent spectral reflectance for CCD band by using the
equation (Li, 2006):
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Fig.3 Surface reflectance results of the test site and spectral
response function of CCD
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where p(1) was the average spectral reflectance at 1, R(1) was
the relative spectral response for CCD band i. the equivalent
spectral reflectance of CCD 4 bands was 0.54% and average
relative error was 3.8%.

3.2 CE318 data processing and result analysis

According to spectral solar direct irradiance and diffuse ir-
radiance measured with CE318, atmospheric aerosol optical
depth for CE318 channel was determined using a Langley
method. The result was shown in Fig. 4(a). It can be seen from
the figure that the aerosol content changed little from 9 am to |
pm which indicated that atmospheric condition was fairly stable.
After assuming that the aerosol followed Junge distribution,
atmospheric aerosol optical depth at channel 440nm and chan-
nel 870nm was used to retrieve Angstrom turbidity coefficient,
B, and wavelength exponent, a, as shown in Fig. 4(b). Then
aerosol optical depth at 550nm wavelength could be estimated
from the Angstrbm parameters. Parameter a explained the
change of aerosol particle’s composition during the view time.
The large value of the parameter accounted for high content of
small particles and vice versa. Parameter f noted the concentra-
tion of aerosol. The smaller the value of § was, the cleaner the
atmosphere was and the sunnier it was. It can be indicated from
Fig. 4 (b) that the sky was clear and temporally stable all the
day. Aerosol was mainly macroparticle and had low concentra-
tion. Alteration of S corresponded with the change of aerosol
optical depth. The above-mentioned facts showed that there was
little change for aerosol optical depth and aerosol affected
slightly to atmospheric radiative transfer.

3.3 Calibration coefficients calculation and analysis

Calibration coefficient was obtained by relating TOA radi-
ance or TOA reflectance with digital count. Based on the pre-
ceding results, some parameters could be gained. They included
the surface reflectance, sun-target-sensor geometries and the
atmospheric parameters including aerosol optical depth for
band 550nm, total column water vapor and the content of ozone.

Then TOA reflectance (proa as shown in Table 4) or TOA ra-
diance (Ltoa as shown in Table 4) could be obtained by input-
ting these parameters into a radioactive transfer code, 6S. Ge-
ometry and atmospheric characteristic parameters were shown
in Table 3.

Table 3 Geometry and atmospheric characteristic parameters at
the time of CCD overpass on Oct 12, 2007

X Solar Spectrol  Total column Ozone
View time S:Il]arleu;?;;h azimuth  optical depth water vafor content
8 agle (%) (550nm)  Aglemd) AD.U)

10:16—12:16  51.17 166.16 0.094 0.634 291

On the other hand, after geometric rectification with GPS
data, the area in the CCD image corresponding to the measured
ground was defined and average digital count for the area was
obtained by averaging digital count values of all pixels in the
area. Relative error of about 2% for digital count value illus-
trated that the ground was very homogeneous. Since the offset
DCy; had been cancelled from CCD image in the course of rela-
tive radiometric correction, that is to say, digital count of the
image was just the value (DC~DCy;) existing in Eq.(2) and
Eq.(5). Furthermore, TOA radiance or TOA reflectance for
CBERS02B CCD were gained after dividing the value
(DC~DCy;) by calibration coefficient. Then according to com-
parison of average digital count with TOA radiance or TOA
reflectance simulated from 6S, calibration coefficient for CCD
band could be achieved by using Eq.(2) and Eq.(5), as shown in
Table 4 together with prelaunch coefficient.

By comparing calibration coefficient of vicarious calibration
with that of prelaunch, it could be seen that vicarious calibra-
tion results, especially band 1 and band 2, existed large differ-
ence with those of prelaunch, for which the largest relative error
value was about 31% except for band 3. It was inferred that all
bands of CBERS02B CCD underwent some change to different
degrees. The responses of band 1 and band 2 varied too much
with the difference more than 20% due to the change of envi-
ronment while the response of band 3 was relative stable with
the neglectable difference of 1.93% after launch.
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Fig.4 Optical properties of atmospheric aerosol on Oct 12, 2007
(a) Aerosol optical depth changed with time; (b) Parameters
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Table 4 Results of both preflight calibration and the vicarious calibration on Oct 12, 2007

Band B, B, . B B, B

o DC value ot the site 52.26 43.78 68.25 78.72 48.88
Proa 0.125 0.125 0.148 0.232 0.140
¢ 419.08 350.82 462.4 339.6 350.13

Lo (W-m™2st™ . pm™) 47.96 45.25 4491 483 45.67

a,(DN/W-m 25 .um™) 1.09 0.968 1.52 1.63 1.07

Prelaunch calibration coefficients 1.43 1.396 1.491 1.809 1.02

Relative error/% -23.80 -30.68 1.93 -9.90 4.92

3.4 Error analysis

For the reflectance-based method, there are many error
sources, such as the measurement of ground surface, the
assumption of a lambertian characteristic for the ground, the
measurement of atmospheric parameters, the assumption and
the calculation of radiometric transfer code. The root sum of
squares is generally used to define the total error generated
from various error sources (Biggar et al., 1994). It could be
confirmed after simulation for main error sources that the error
from measurement of surface reflectance shared the biggest
source for total error and transferred error equivalently. After
analyzing and simulating the above error sources, the uncer-
tainty of the calibration campaign for CBERS02B CCD was
less than 6% as shown in Table 5.

Table 5 Reflectance-based calibration uncertainty for CCD

Overall error/%

Surface reflectance 38
Non-lambertain ground characteristic 1.5
Optical depth measurement 1.5
Aerosol type 2.0

Complex refractive index of aerosols L5
Absorptive gas 1.4

Inherent accuracy of model 20
Correction of scattered light LS
Uncertainty of the solar zenith angle 0.2
Total error (root sum of squares) 5.7

3.5 Validation

To verify the reliability of the calibration coefficients simu-
lated above, independent data obtained at the Dunhuang test
site on Oct 21, 2007 were used. TOA radiance estimated from
the in-situ measurements at the Dunhuang test site was re-
garded as standard value just shown as L;” from 6S in Table 6.
CCD image-based TOA radiance achieved independently using
the vicarious calibration coefficient above was compared with
the standard value to verify the reliability of the calibration
coefficient. The result was shown in Table 6. It was noted from
Table 6 that TOA radiance calculated from vicarious calibration
coefficient was in quite good agreement with the standard value,
which indicated that vicarious calibration coefficient was highly
reliable. It was a favorable precondition for the later quantita-
tive application research of CBERS02B CCD. On the other
hand, the preflight results existed large disagreement with the
standard value after comparison, especially band 1 and band 2.
It confirmed further that there indeed were changes in the re-
sponse of band 1 and band 2 after launch. The conclusion
agreed very well to the result at the Gongger test site. It indi-
cated that it was absolutely indispensable to monitor the change
of the response of the sensor with vicarious calibration method.

4 CONCLUSION

According to the above work, some conclusions could be
achieved as following.

(1) Based on the real-time measurement at the Gongger site,
radiometric calibration for CBERS02B CCD was successfully

Table 6 Comparison of TOA radianceé between simulated from calibration coefficients and obtained from ground measured data

Band B B, B; B, By
DC value of Dunhuang test site 81.61 66.99 99.6 82.62 71.87
TOA radiance from vicarious calibration (W-m™2sr"-um™) 74.89 69.22 65.54 50.69 67.16
TOA radiance from prelaunch calibration /(W-m™2.sr™".um™") 57.07 4798 66.80 45.67 70.46
TOA radiance from 68 A(W-m s -ym™") 76.09 73.63 65.66 47.00 67.10
Absolute error between TOA radiance from vicarious calibration and from 6S /(W-m™2.sr™'.pm™) -1.20 —4.40 -0.12 3.69 0.06
Relative error/% ‘ -1.58 -5.98 -0.18 7.84 0.09
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performed using reflectance-based calibration methods and
calibration coefficients for CCD bands were obtained as well.
These achievements laid the foundation for quéntilative appli-
cation research of CBERS02B CCD data and were useful to
improve the application of CCD data as well.

(2) It was concluded from surface reflectance data from
multi-year and multi-spot: Gongger test site was fairly flat and
homogeneous and its average error was 3.5%—3.7%. It was fit

for calibration for CBERS02B during spring and autumn. Near
distance and convenient communication to Beijing provided
new calibration test site for sensor with high resolution.

(3) According to contrast and analysis for results from both
vicarious calibration and the prelaunch, it was confirmed that
the response of CCD changed at some extent after launch,
especially band 1 and band 2. As a result, it was quite essential
to update calibration coefficient timely and periodically in order
to monitor the change of CBERS02B CCD better.

(4) As for validation result estimated from the real-time
measurement at the Dunhuang site, TOA radiance from vicari-
ous calibration of CCD was consistent with the standard value.
The result indicated that vicarious calibration coefficient was
very good and reliable with high application value.
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AR A E AR N B R E B AL RT R F X B IR
I, B A CBERS02B I B & &t AW — & & 1T4E,

HF CBERS02B D E¥ A E FEWRAL, £
85T bR BB B TR B A M AT SR
LHTEREERERUOBAEYFE. UEXETH
BIRKFENFRBE 0 Slater HIZ BB 2R
ROA AR KERY IR BT

W #% B H3: 2009-01-06; #1T B X3 : 2009-05-20
EETE: ©HR 863 TpERXBE AT H (S 8-060011),

£ B TE B35 Hh 48 5 € b 7 B (Slater, 1987) 2 5€ bl
BRI, R 8 a0 E R &% gt i 5
ERR (B A, 2000), X B k2 AL # X
Landsat-4. 5 T2/ TM, SPOT TLEH# HRV.
NOAA-9. 10, 11 £ # AVHRR, Nimbus-7 LB
#9 CZCS VA K GOES-7 D E#Y VISSR #1417 TR S E
PR, R WEHIELLANE BB ER S B ATk 3%—
5% (418, 2000),  H K — LB 5T A 5 il ot
S BT BB S 35 % CBERS-02 TV E | CCD #f
VL7483 EFR (ZE/NE, 2006; fHHHE, 2005; ¥Rk
T, 2006, KB TAHERUAREMNERABUK
5.79%H E brAE BE (147, 2005), —sb2# R
3 X8 b (Teillet %, 2001a), X ETM, MODIS, T™M
HIf& =38 obriE, %t CBERS-01, 02 TL£# CCD #
PLHAT EARPTR (MK, 2005; FHFERE, 2005;
YR E, 2004), 1B X EARRIREE R TRk lE
RASMIEE | 2 MG AR I — B e Rl ad il 1A
B E 2 [8) 9 638 B SO0 L AT B RS o DL B

HFZ MK R KISIES L% F CBERS02B 11

F—EEBM: ARA9— ), &, W4, 1999 HH TFREBPEEBBHANACL, HKELF0, BAEERESR. BRI

REERC N 9, CR&FIEL 5 M. E-mail: gonghuiyue@sohu.com,
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BHErE RN ARTEMRT BT R, F 20074
10 ARG EXRHRBAFE L TR RLE
R CBERS02B P EFMERSHELMHRE T
£, &%t CBERS02B T & CCD ##l, FHiizH k&t
REEF S #ITRSER, AIRBUEERGH
TEMABMELHRE,

CBERS02B T & CCD MM SHIRBRNE 1.

#1 CBERSO2BIE CCDHENMTEZASH

= WE | &0
ppw | O | g | g |RIR

m | ™| e | a 1)

B BRHEE
/um

0.45—0.52
0.52—0.59
0.63—0.69 20 113 +32 26 8.32
0.77—0.89
0.51—0.73

[V S L S I S R

2 HEAILR

21 REFBIFS ERAHE(Biggar, 1990)

Fz 4t & E k24 CBERSO2B T B KL% I
SN, EHEHTHERS L. A BERSHEL
HESKENFASUR UL R ERESEMER
HIARER, RJE A X S R AR AT AN . B -
ma i UCEe, RGBT ERITERERN RS, ¥
Xt ESEM A 6S BHERHER (Vermote %,
1997), i+E183%| CCD MHL& @ E ABALRK TOA B
F M TOA R, [FES#E CCD MPLERE LK
WL X B 23 B, ¥ TOA HBAEEF TOA K4t
o515 FAREF 45T BUE LR B BN A CCD
FMYLEEEER R I

%t F CCD HYLEE i WEKNEN TOA BRE
L; A (ZE/NK, 2006):

2 2
L= L1 R L(A)dA/ L R(A)dA (1)

X, R(A) CCD HAHLIA— AL A4 S i i bR 4, Li(A)
HiEE i Bk A b TOA BRE

%t F CCD #i#l, H%EH TOARREE L, 5 CCD
FYLENFI AT 8E DC, X R A

L, =(DC, -DCq;)/ g; ()

A, o, K2R, DCy HITBER B E .

CCD HHLA AL & EH K TOA R EH TOA
R 5t # p, 7] 7% K (Vermote 5, 1997):

!’l*(as’ev’¢s’¢v)= (nl‘i(es’ev’¢s’¢v)(r/r0)2)/EOiﬂs (3)

X, 6, 6, 0, 0. F AR, DEHRTHAME AL
fii, L, & TOA ¥|REE, Ey KSR KHABEEE,
(r/r)HF¥ 5EFRH-HBEE Z L, ue (us = cos 8)H
KX AR

Xt FRA{AFE A7 A i B4R, TOA RE§T%p,”
] %71 A (Vermote %, 1997):

£ 6,.0,.0,.0,)=10(6,.6,.9,.0,)+
(1;(u)pr(u ) A= ps)iTy (4
KA, pu NAREE=AEMN I LA REE, o 2
KEHEBTE, p IHRRHE, ss FXIKKIER
B, Ty IR SR FELE,
ERHEHAS. ¥HA-BEXEHET, TOA
R &% p," 5 CCD AL G BIEX R N:

pl"(esaev’¢s’¢v)=(DCi—DCOi)/Ci (5)

A ¢, W, DC, MITHENIRER
RS REEERRENA 1,

MR 5t K% 585 e
He W B ETER T Hom gt GEZ 2
L
b 1 R Ak 1 GPSE
7% ¢ I
JUlE N -
4 bk WML
l DC¥-H{H
T PN IS o
FEL AR 41580,
p=cosf, ——
Ehi £ ¥ (a, DC,)s
£ HABTOAR S %, e ™
Bl RHREEEGRER
22 X B
221 BENA

T RERG R TR Rk LR MK —87,
L F NS A TRk B RBALMIE 2), 5
¥R 1266m, JB PR KRBT, FFHE
K& B4 294.9mm, 4EF & B Ak 2000mm, & H
¥k ik 3066.4h, K= B =BEHN 3.875, KRE
HTFR@EERS, 2007), HXEF R, w¥EHE,
KPR L 4km, B Skm, HREHNE AR
+, BAMBEY, e, R 2007 %5
FESLR X 2kmx2km B RLH X33 50 A b s #E 4T



I, 3% CBERSO2B 12 CCD MMl EMMH ERSAELHRE B 7977

{4 [ 4 ORI A BB 25 5L 2007 4F 10 AL X 400mx
400m A4 W8I (X 3% 3L 1800 ™ b T o5 49 [8] 25 0L 1 Ak 38
L AL A e e e PR AR AN 32 4: R S
BHMERHE 3.5%3.7%. B FR&/RELEEHH
S, KA RMEXMEEAEERSTHITERS
M3 B E AR . R IB 3 X A5 L L &L CBERS02B £ HY
# 4, B 400mx400m B9 W W X i fE A
CBERS02B T & CCD Hi#lEH EHmRL LR,

B2 FHARLES

2.2.2 AR

CBERS02B L& F 2007-10-12 11:16 5 T’ /R
BRELEY LS, YREFARRERG#TTHE
FiEERIL W E, W EN BELTHEE 1h, i
= Hi%a9M & R FR ASD BFS ki 1Y, FR ASD BF
AR EIEBOLISTEE A 350—2500nm, Yo BEER R
VNIR: 3nm; SWIR: 10nm(David, 2002), X T Rl
% 1o PR B RO, IS RELA Shll B, BYiE]
EREA 2s, INELE R EBRIEERE, K4
PR omin FHATEHARM R, [FadHF GPS #17 E AL
B, FBUEH R E SRR BAOFSE XK
B 3600 4 Y il HHE
223 XExEFHENVR

)25 WA 24 K 7 BE B S b 2km ALHEAT RS
MESWH, UKBHERE ESKEEHEEFEE
MEBREBEERE. RE. KEEEZKER
%8, SERNAEREEOWNERF B3R KA
LRI CE318, WIRETE M 7:00—17:00, CE318 )t
Bt RECE L& 2(EBESE, 20060), KRS &
I B R AR I, BREHL 2 WIRE MW, 1
DPEENZBEM 1 KEKBHESHN, RES&
3 H NASA TOMS ¥(#(Richard, 2007),

#2 CE3I8REEE
KERRE 1 2 3 4 5 6 71 8

.0 K /nm
HE R /nm 10 60 10 10 10 10 10 2

1020 1640 870 670 440 500 936 340

3 BIRGRLES oM

31 hREBBELBSSN

a2 A BH 48 B B A Ak 3o BB B B e LA K Bl
B A 2 A 0 B R AR AR 2, M EFAMR LAY
3600 4 Yo B 4T b e, UL Imin BEIFE, HE
Tmin P A4 #b 3% 6 30 (5 47 3918 B ROE B 1
{6, [FRH# 2% AW B B R Imin #1TE{EL
T, M 2 6 i X {8 o6 )46 1B TR AR 5 5 AR {E A B
[f]——Xt R, FXtS AR BRF #5085 %) K FH X T
METEETE, REXOGRBHBREN R I T
pA) (ER %, 2001):

v (A)

= y) 6
pA) vs(i),cg( ) (6)

K, p(WRSERBLEFRIEE R, vAHF v
PIRMF KT SE MM E BAR BRI 8UE
¥R bR s 3 R8T 318 Bl E ¥ R
S tigthek, i 3B E 400—1100nm), M
B 3 ATAE &, SRS R ERT W RN E
BURE . TR LTS, RIV RS,
o BA A L XA AR R A b RS, A
B F CCD HIHLE I B 9 i e R 36 B P Y e &
Rt R FRRSHE, BB R ST LA CCD it
2 B B4 56 38 R 17 5 P P L R AT A R S SO
B R ST I B AR E R N 3.7%, RH A
BARFNHEYE, UEEREADHESRER.
FAARE Gt R RS cCD 1
P4 8 T8 A9 e e R R R4 T B4y, BPERA8 CCD M
LA 38 T A 7 T 46 0 R S 3R (/N 2006):

z
L PR (A)A
= (7
[ R (A)dA
l - — RS
g ]1 l ] — &
PPl § Bl
o OBt i ) t R
g Sop v . t T EL S
& e Rk t * B3
g 06t 1 U e et TY
$I b2y B ¢ ==~ UBLS
R | #l ol i
3 ().4[ R LN ¢
24 | I ol T i —
framg | . ol 1 S
R | l| . ' R ol
i 02} S e
sl 1)
/‘f’_”//‘\\j— 1 \
0 YR
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WAL /nm

F 3 #hRRSTHEA CCD Yo b ok %
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3, pi 1 CCD AP B i 0053 3R 51 38; R(A)
& CCD HPLEEEL i B9 Eiman R, 4 MEBRMWE
B BT R F 1R 2 0.54%, MM LR N 3.8%.

3.2 CE3I8 HiBAAB 54

W& CE318 ¥ RWMEBMESN KMBEHMKS
BB, RA Langley ¥R %183 CE318 £
BRXSSBBREERENRE 4a), TUES, B
9:00—13:00 HRIF K S BELRAD, XIELXER
OLERE . BRE SN B4 Junge) i, FH
440nm #1 870nm 2 MEEMSKERAAEEEITES

FIRKIEH o MBEMAK AE 40b), HEFHE
550nm PR AMSEBERE, BRER o KR8
THRUHEXSKFLUFBRREFARMEL, o X,
FZHPINTFERES, a/h, RAKRBFIBKE,
B MIRBR T SIS B BRI R /DS, /1N B B LB
5, KRBEE, KW, B 40) 877 30
HRERGRRKSHFRE, RNFISBERIE,
WREMMR, KEE REERY, BB BN
WM, p R BUBARSERAFBEEY
BUBHREFEYE, HRAHITHER TR DM
o

0.3

0.25

+1020 01640 +870 +670 & 440 v 500

0.2
0.15
0.1
0.05

SR BOLFIRIE

0

1085 1S 12
I ) /h
(a)

9 95, 10

t2.5:°513

9 10 11 12 13
if1a]/h
(b)

B4 2007-10-12 KESBERNERT
(a) BBEESHEREBERNEIEL, b) EEEROMERRKD

33 BRRMUHRSSH

ERANRBALHNX K TOA BEEM TOA
f 4t R4 75 BER M EBTRE RS EIN, £L
RTAERERM L, B5KE3M CCD HLEE K
HEMRGE, RRABEAERE . KKEE.
REFBEURKHEMTE AW &G5S5EA
B 6S BEMERBLRY, K18 CCD MHL&EEK TOA
R 5t % (proa) F TOA BEE (Lroa). TLE JLATBEH
KOLEFESEIE 3,

F# 3 2007-10-12 CCD VMR ASH M
KR AWy EBEE L oam awam

5] 5 100 4 )} . ) J=4; 3 h
TWisie) f1ANe) (550nm) Ngiem®)  /A(D.U.)
10:16—12:16 51.17 166.16  0.094 0.634 291

HEKAA GPS HFE#HTE-HBMEEE, &
CCD ARHLIER b P E ) 5 340 1T 0 X3 R Y DX 3 3 42
Bz X i B0, B3I X A BUE R AR
ERAN 2% RUMXARNOYSIERE. BT
CCD HHUIEHA AR X B L IE BT B KRR SR &

MEETBERBE DCy, ENEKRMITHER AR
()X (5)+ B(DC~DCy)% 4, H CBERS02B ILE
CCD MLAY TOA H|EEM TOA REEERFHA
(DC~DCo) Bk LAMI N B € 47 7R MR G B, H LR
BGE i E{EM 6S HHEBEE TOA EREM
TOA R51#, FIARX Q). K(5)HBEF CCD HILEE
ERREMRHENERER. BB EEHERR
BAEFAHEHRRETHEERLE 4,
STHEBRENGBERREHRFERRY
ALLE S, Bk CCD MHLEE 3 M Ebs REFAR
HAERRREURKS, HlkE, LREKE

4 AN TIRERMGERSERQ007-10-12)

75 B, B2 By B, B
54 DN & 526 4378 6825 78.72 48.88
PToA_tin 0.125 0.125 0.148 0232 0.4
ci 419.1 3508 4624 3396  350.1
LT?“-““ 4796 4525 4491 483 4567
AW-m™sr”'.pm™)
a;/(DN/ W-m™2sr™'.um™")y  1.09 0.97 1.52 1.63 1.07

EHHUEREK 143 1396 1.49] 1809  1.02
H3t ER/% -2380 -30.68 193 -990 492




W %% CBERSO2B TIE CCD Mt AEMEH ER SELHRR 11

1. BB 2 M E AR R B R ST RTE AR RBUH R
K, B ZRERE 31%, £ CBERS02B T
B CCD MNEMNEBRE RFBEENEL, B3
EIERSREHEREN, HTFRELRHMEE
FIRERAEAL, BB | B 2 MPERE LR

34 RESWH

FER ST REEAER LS, BREFEZHERE,
RS R IR . KRSHK
EHESUERE . SHNRENE EHERTE
FHEMRES, BEREFRORERNSEZER
RE R KA E E L H (Biggar %, 1994), £ixf
25ERHFEREFHTRIGTE, A ER
SHNEREEBREBRRFARELR, FHEHER
ERREA LRFEGEN, BN ERRERS
AT, 4K CBERS02B E CCD A HLE it
RS BREEIMBHERNABREENT 6%, Bi&k
BRESTRE S,

%5 CCDHEMFHe RN RELMEHERRES

Bk R/
T 4 H 38
e BAA T R 1 1.5
eFE RN R 1.5
SR ER LR 2.0
SEBRETHER 1.5
RSk 14
BHREAHEE 2.0
IR RKE 1.5
KHAXRT AR EARREH 0.2
BIRZCETAHR) 5.7

35 HILHRR

ATREARERARBMES M ESE, D
2007-10-21 CBERS02B T1 |2 i3 348 556 3% ) b 1 [)
HW BB EBIN TOA BEBENLRNE
HEME, FIRAARER W ERRER 2007-10-21 FE
LB %K CBERS02B 12 CCD BB M HEitE
i TOA $BRE, #HitEM TOA BRE SRHAEMH
ITHE, BiIEER AR ETHEMITRENYE, 4R
£6, IR 6Fih: FEBITEMN TOA BREME
HE(E Z B 2 AR/, B4R 3075 B M9 5 b5 R J0AT
{EE®, X7 CBERS02B T E CCDO ML TR
R AP R R T RIFMETR . BEFERAR
HEBIN TOA BRESEEME LS, BB 1.
B2 HFEBRKMER, #—FiEE T CBERS02B I

#6 FATHEEHITNAY 2007-10-21 ¥i2iH TOA

BEEMNRMEN LR
W& Bl B: B; 84 BS
CCDHER DN 8161 6699 996 8262 71.87
W ER REGTEY
TOA B2 7489 6922 6554 5069 67.16
J(W-m™sr . um™)
RHWEHZEOTHE
B TOA RS 57.07 4798 66.80 45.67 70.46
J(W-m s pm™)
TOA AR A 76.09 73.63 65.66 47.00 67.10
HW-m2sr ! pm™)
i+ﬁfﬁ?i!ﬂ_§{§_2£ -120 -440 -0.12 3.69 0.06
AW-m st -um™)
T %1% -1.58 -598 -0.18 7.84 0.09

B CCOMMEE 1. EBR2EDERHNIEALET
BRTHh, 25 FEHNERRRERMT—8, &
BT RS 5 W 5 R AR AR ML M b B

4 & #

R4 LA %8 CBERS02B TLE B4 i B ALK
F/RTERFZ 0 B FF /& CBERS02B TLE CCD #i#l
MERSALHERRHR, TTUBRUTEE:

(1) WA KTE T /R LR 5K G b F 5 W,
RG4S R RS E bRk D #i Xt CBERS02B
T E# CCD L& BUA TR ST @ An ST, BaT
CCD ML & W B 4B S E PR R 8, & CBERS02B T
E CCD MilBENERINARTUHREE TR
B, BRI TFRE CCD MBI/ R FKE;

Q) XBHNZHEZOHERH LREIE
Bl: AMRLRGERTRY—, RERFHRE
3.5%—3.7%, "] ¥ CBERS02B LEIEHMKFE T 1Y
Ebr; HTABRERGERICTEGE, @58,
HERRERBERERRYE T HHER G

(3) BEAEARGHARIBH ERERS &6
K EAR R AT L #T, CCD MLELE—
ERAEL, BEHBEEE 1| MER 2, HE W
CBERS02B L2 CCD L 4L, KEF, EHi
R ERAE T HLE,

4 FIRABELRGHEL N EBEHTESE
HRRHZEERHE: FACCD MG ERRE
HEWN TOABREEMERMEEREE, XAX—F
ERLERE, ERAKAGEER, BARER
N RME,

B O RAFIEEOHBRRAITRK
FEHEFELVHLAL KA BFMEF David
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F R BARERMRBMEBIEF SET/, IMb.
L ATE F 6 Hh8h, CCD B 438 8 K RIF 2| KR
LEEATSAHXRIINRALHE, AINFARAZE
ERY SR, TEHAMPBRESDRETH
Bhfe X4, BILEA TR AM!
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