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Abstract:

Radiometric calibration is the key of improving quality and quantitative applications of the remote sense data. A ir-

radiance-based radiometric calibration campaign was performed by National Spaceborne Demonstration at the Erenhot test site

on June 1, 2007, in which Terra MODIS was the object. It showed that the irradiance-based calibration results were in good

agreement with both the MODIS on-board calibration and reflectance-based calibration results with the variations less than 3.3%

at the site. It was concluded that the irradiance-based calibration method was performed correctly, while the differences among

the coefficients showed that the measurement of the ratio of diffuse-to-global ratio has crucial impact on results of irradi-

ance-based calibration. The results from different aerosol modes confirmed that the irradiance-based radiometric calibration can

reduce the error caused by the assumption of the aerosol mode.
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1 INTRODUCTION

Since the 1990s, with the deep development of satellite
technique and the need of remote sensing monitoring of global
resource, environment change and disasters, great importance
was gradually attached to quantitative research of remote
sensing data (Qiu, 2001). The fundamental prerequisite and the
key link for quantification of remote sensing lie to absolute
radiometric calibration, that is to say, digital counts recorded by
a sensor should be transferred into radiance value (Tian, 1999).
The accuracy of radiometric calibration directly affects quality of
quantitative remote sensing products. Radiometric calibration
methods in the world include prelaunch calibration, onboard
calibration and vicarious calibration (Dinguirard & Slater,
1999). For the sensor without onboard calibrator, vicarious
calibration is an effective method not only for improving qual-
ity of remote sensing data but also for realizing quantification
of remote sensing. Even with onboard calibrator, it cannot
completely detect calibration shifts caused by possible sensor
changes (Li, 2006), Vicarious calibration should still be
required to ascertain response change of sensors in order to
ensure reliability and accuracy of quantitative application of
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remote sensing. Slater et al. (1987) proposed vicarious calibra-
tion methods which have been proved to be highly accurate and
effective (Gu, 2000). These methods include reflectance-based
calibration method, radiance-based calibration method and
irradiance-based calibration method (Biggar, 1990). Reflec-
tance-based method depends on ground-based measurements
including surface reflectance measurement, atmospheric extinc-
tion measurement and radiosonding observation at the sensor
overpass. These measurement data are inputted to a radiative
transfer model to obtain the entrance pupil radiance of the
sensor (Slater et al., 1987). Due to its relatively easy operation
and the high accuracy of 3.6% in the visible and infrared bands
(Thome, 1999a), the method is put into use extensively. How-
ever its numerous assumptions about refractive index and parti-
cle size distribution of aerosols in the atmosphere bring great
systematic error. Radiance-based method was based on a
calibrated radiometer flown in an aircraft at high altitude to
measure the radiance of the ground target. Then the radiance is
corrected for the residual atmospheric effect to give the
entrance pupil radiance (Slater et al., 1987). It is the most ac-
curate one of the three methods due to the high precision capa-
bility of 2.5% (Thome, 1999a). Yet it fails to be applied widely
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owing to its great cost as well as many requirements and limita-
tions during the measurement. Irradiance-based method
improves the reflectance-based method. In addition to the re-
quirement of all ground measurements of the reflectance-based
method, it adds measurements of the downwelling dif-
fuse-to-global ratios to determine the scattering characteristic of
aerosol from which the error caused by these assumptions is
reduced (Biggar, 1990) and calibration accuracy is improved to
2.9% (Thome, 1999a). The method was used to calibrate some
sensors including SPOT HRV, Landsat-5 TM, MODIS,
CBERS-1 CCD and FY-1C satellite sensor (Thome, 1999a;
Thome et al., 1997b; Biggar et al., 1991; Zhang et al., 2002; Hu
et al., 2003), but it is not used extensively at present.

The work planed to discuss the irradiance-based method.
Since there was perfect onboard calibrators on MODIS and the
its calibration accuracy could reach +2% (Xiong & Barnes,
2006), onboard calibration result could be used to verify the
accuracy of the irradiance-based method. Thus, visible and
infrared bands of Terra MODIS were chosen as an object in the
campaign and irradiance-based calibration was performed at the
Erenhot test site in June 2007.

2 METHOD AND EXPERIMENT

2.1 Reflectance-based calibration method

The entrance pupil radiance L,(6,,0,,0;,¢,) of wave-

length 4 could be expressed as the apparent reflectance p; (6,
by, 95 9v) by (Biggar, 1990)

pﬁ,*(gwav’(/)sa(pv) = nL},(gs’gv’(ps’(pv)dz /EO)uus (D

where Ej; was the extra-atmospheric solar spectral irradiance at
the mean distance of the earth and sun, 6, 6,, ¢, ¢, was respec-
tively the solar and view zenith and azimuth angles, d was the
earth-sun factor and u; was the cosine of the sun zenith angle.
For a uniform lambertian ground of surface reflectance p,
the apparent reflectance p'(65, 6., s, ¢,) Was given by the equa-
tion (Biggar, 1990):
(7(us) - p-7(1y)) @
(1= ps)

where pa(6s, 0y, ¢s, ¢,) Was the upward scattering reflectance of

p*(es’0v>¢s’¢v) = pA(Hs’gvawsawv)+

the atmosphere, s was the spherical albedo of the atmosphere
and 7 was respectively the global atmospheric transmittance.
7(us) could be defined as (Biggar, 1990)
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where L° and E® were respectively the downward radiance and

irradiance caused by the scattering process at the ground level
where the ground reflectance was zero and J was total atmos-
pheric optical depth. Fig. 1 was the irradiance composition at
ground level.
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Fig. 1 Irradiance decomposition

The diffuse-to-global ratio at 65 could be written as (Biggar,
1990):

a. = Ed(:us) _ Ed(/ls)

- S (4)
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where Eg(us) was the global irradiance, Eq (1) was respectively
the diffuse irradiance which included the intrinsic diffuse ir-
radiance E’(u,) and also the coupling term between atmosphere
and ground for both the direct team and the diffuse component.
E4(us) could be shown to be (Biggar, 1990):

1 _
Eq(ug) = @[E% (1) + B4 ps] (5)

Inserting Eq. (4)and (5) into Eq. (3), 7(us) could be rewritten
as (Biggar, 1990):

-0/ pg
— (l_ps)e a (6)

7(uts)
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According to the reciprocity theorem, z(x,) could be corre-
spondingly expressed as (Biggar, 1990):
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where ¢, was the diffuse-to-global ratio at 6,. Eq. (2) could
then be written as (Biggar, 1990):

p*(0579V9¢s3¢’v) = pA(es=9V3¢s3¢’v)+

®)

2.2 Experiment

2.2.1 The test site

The Erenhot test site, which is fairly wide and flat, is located
at southeast of Erenhot city (Fig. 2). The ground surface is cov-
ered by coarse sand whose compositions are mainly
light-colored minerals. It has low vegetation coverage with
short sedges and camel thorns. The surface is highly bright and
homogeneous.
2.2.2  Surface spectra measurements

Surface spectra measurements were performed at the site at
the time of Terra MODIS overpass on June 1, 2007. The Ana-
lytical Spectral Devices (ASD) Spectrometer was used to obtain
the surface spectra. The spectrometer combines three spec-

trometers to cover the entire solar reflected wavelength range
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Fig. 2 The test site

from 350nm to 2500nm with approximately 3 nm (VNIR) and
10 nm (SWIR) spectral resolution (David, 2002).

An area of about 2kmx2km at the site was chosen for
real-time measurement. Thanks to its uniformity and limit of
measurement time, the area was broken into 42 sub-areas that
were 6 lines x7 samples and 42 samples were collected. The
measurement sequence of spectra for every sample were two
readings for panel, ten for surface and then two new readings
for panel again. In order to reduce the influence of solar irradi-
ance change to the field measurement as much as possible,
measurement for every sample was finished during 1min. At
the same time, a global positioning system (GPS) receiver was
used to precisely identify the ASD locations at each sample
point. It took 2h to collect spectra data for the whole site. About
554 spectra data were collected for the whole site.

2.2.3  Atmospheric characteristic measurements

During the day of the field measurement, atmospheric
measurements were made to obtain atmospheric total optical
depth, aerosol optical depth, content of ozone and total column
water vapor. An automatic sun tracking photometer, CE318,
was arranged to automatically receive spectral solar direct ir-
radiance data from seven in the morning to nineteen in the eve-
ning at the location 2 km away from the test site. Atmospheric
acrosol optical depth was then derived from the measurement
data. The instrument has eight bands (Yuan et al., 2006). Three
radiosonding observations were performed at the whole day and
total column water vapor was then obtained with sounding view
outline. The content of ozone came from NASA TOMS data
(Richard, 2008).

2.2.4 Diffuse-to-global ratio measurements

The diffuse-to-global ratio measurement was required in the
irradiance-based method. In addition to a reference panel, A
portable HandHeld spectroradiometer whose wavelength range
was from 325nm to 1075nm (David, 2002) was used to obtain
the diffuse-to-global ratio. Owing to the limitation of spec-
trometer’s spectral range, only first four bands of MODIS could
be calibrated. For the reference panel being nearly lambertian,
the irradiance E(us) was proportional to the panel radiance L(us)
measured at nadir (Biggar, 1990). The diffuse-to-global ratio
could be got by the following

Ed (,Us) _ Ld (,us) (9)

EG (,us) LG (/Us)
The diffuse-to-global ratio measurement was made every
10min and continued from 7:30 a.m. to 19:00 p.m. Before and
after 30min of the MODIS overpass, the measurement was

changed to be made every Smin. For every measurement, total
radiance Lg, just above a reference panel was first measured
with the spectroradiometer. The spectroradiometer should be
placed at the distance above the reference panel where it could
be insured that the panel was full of its field of view and there
was no shade of the spectroradiometer on the panel. Secondly, a
block panel was moved into position to just shadow the refer-
ence panel in order to remove direct solar beam to get diffuse
radiance Ly. Then the block panel was moved aside and a new
total radiance reading Lg, was taken. So diffuse-to-global ratio
at the measurement could be obtained by dividing Ly with av-
erage value of Lg; and Lg,.

3 DATA PROCCESSING AND RESULT ANALYSIS

3.1 Surface spectral gdata processing and analysis

For each 42 samples, ten surface measurement data and four
panel data were respectively averaged to get average surface
and panel measurement values at the location of the sample.
BRF of the panel were interpolated according to measurement
times to compute its spectral reflectance at the surface meas-
urement time. Then absolute spectral reflectance of the sample
could be given by Eq. (10).

v, (4)
v, (A

where py(1) was spectral reflectance of the panel, v, (1) and vr(4)

p(A)= ps(A) (10

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 MODIS overpass on June 1, 2007 was obtained after aver-
aging all spectral reflectance of 42 ground samples, which was
shown in Fig. 3. It was obviously seen that spectral reflectance
for MODIS visible and infrared bands was from 0.1 to 0.4 and
it increased stably and slowly with wavelength. Average rela-
tive error 3.1% of spectral reflectance was in the range from
350nm to 1100nm. The fact noted that surface reflectance of
the site existed little dispersion and fairly homogenous. By
comparison between average surface reflectance for 42 samples
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derived from the whole measurement time and reflectance ob-
tained just at the MODIS overpass time, their relative error was
only 0.3%. It was indicated that average surface reflectance
derived from the whole measurement time could be representa-
tive of surface reflectance of the site. The average spectral re-
flectance was then changed into the equivalent spectral reflec-
tance corresponding to MODIS band by using the spectrum
matching between surface spectra data and MODIS band. The

error of equivalent spectral reflectance was 0.004—0.02 and its

average accuracy was 3.3%.

3.2 CE318 data processing and result analysis

According to spectral solar direct irradiance and diffuse ir-
radiance received with CE318, total and atmospheric aerosol
optical depth corresponding to CE318 channel was determined
using a Langley method. Its error was about 0.5%. Fig. 4(a)
showed Lanley-plot result of CE318’s data. It was noted that
Lanley plot kept obviously linear and aerosol content existed
little change from 7:30 to 19:00 which indicated that atmos-
phere was very stable. Fig. 4(b) showed Angstrém turbidity
coefficient, £, and wavelength exponent, a. It could be noted
from Fig. 4(b) that aerosol composition was mainly large parti-
cles the concentration of aerosol was very low. It indicated that
the atmosphere was clean and sunny during the day and aerosol
had little influence on atmospheric radiative transfer. A series
of total optical depth extracted during the period of a.m. were
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Fig. 4 Optical properties of atmospheric aerosol on June 1, 2007
(a) Lanley-plot result of CE318’s data; (b) Angstrom parameters

interpolated to obtain the total optical depth at the MODIS
overpass according to its overpass time. The value then was
integrated with spectral response function of MODIS to achieve
equivalent total optical depth of MODIS band.

3.3 Diffuse-to-global ratio computation and analysis

Main parameters for irradiance-based method were dif-
fuse-to-global ratio & and 6,. For the case of satellite observa-
tion when diffuse-to-global ratio measurement was not made at
exactly the MODIS overpass, we could interpolate a value for
o at 6. When the sensor view angle was so small that it wasn’t
in the range of solar zenith angles, we should extrapolate a
series of measurements to the required angle 6, (Biggar, 1990).

log(g—z):log(l—a) =log(l-ps)—-(1-0)d/pu, (11)

where 1/u, the inverse of the cosine of the sun zenith angle,
was airmass which was usually expressed as m. The preceding
equation then could be simplified as linear formula y=yst+cm,
where slope, ¢, was — (1-b)J; intercept, yo, was log (1—ps).
Atmospheric stability should be decided at first. A log plot of
the data (log (1-a) versus m) was shown in Fig. 5. It showed
that value of log (1—a) increased as airmass decreased, in other
words, diffuse-to-global ratio decreased as airmass decreased. It
indicated the fact that atmosphere was stable which agreed with
the CE318 result. Thus ¢ and ¢, could be calculated by using
the fitted slope value.
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Fig. 5 The log plot of the data (log (1—a) versus m) on Junel, 2007

3.4 Calibration coefficients calculation and analysis

Since the parameters were obtained which included equiva-
lent spectral reflectance, aerosol optical depth, total column
water vapor, content of ozone and geometric condition, they
could be input to a radiative transfer model, 6S, to calculate
values for the upward scattering reflectance (p,) and the
spherical albedo (S) of the atmosphere. Then the parameters
required in Eq. (8) were substituted into the equation to



GONG Hui et al.: Trradiance-based calibration and validation of MODIS visible and near-infrared channels 211

estimate apparent reflectance of MODIS band. On the other
hand, the area in the MODIS image corresponding to the
measurement site was then precisely selected according to GPS
data and the average digital count was extracted by averaging
the output for MODIS imagery pixels. Since offset of MODIS
visible and infrared band was 0, calibration coefficient could be
got by the relation between average digital count and apparent
reflectance corresponding to the same MODIS band and the
same area as the following.

p; =C; xDC; (12)

Where p; was apparent reflectance corresponding to MODIS
band i, DC; was average digital count of MODIS band i and C;
was calibration coefficient for MODIS band .

The result of irradiance-based method could be verified with
onboard calibration regarded as a standard value and it was
compared with the reflectance-based result. Table 1 showed
calibration coefficients of MODIS obtained by irradiance-based
method, reflectance-based method and onboard method.

Table1 Comparison of results among the irradiance-based, the reflectance-based and on-board calibrations for
Terra-MODIS on June 1, 2007

Band 1 Band 2 Band 3 Band 4

proa from irradiance-based method 0.249 0.344 0.150 0.185

proa from reflectance-based method 0.253 0.351 0.154 0.189

proa from onboard method 0.250 0.355 0.152 0.189

C; from irradiance-based method /x107 5.25 3.17 3.78 34

C,; from reflectance-based method / x107° 5.33 3.24 3.87 3.46

C; from onboard method / x107° 5.27 3.27 3.82 3.47
Error between irradiance-based method and onboard method (%) -0.392 -3.244 —-0.872 —2.080
Error between reflectance-based method and onboard method (%) 0.999 —1.009 1.304 —0.247

It was noted from Table 1 that TOA reflectance calculated
from irradiance-based method was in quite good agreement
with onboard calibration and reflectance-based results and the
error between irradiance-based method and onboard method
was less than 3.3%, which proved the accuracy of the irradi-
ance-based method. The apparent reflectance from irradi-
ance-based method was the lowest of three methods and the
error between irradiance-based method and reflectance-based
method of band 2 and band 4 were larger than that of band 1
and band 3. It is because that operation error of diffuse irradi-
ance measurement coming from block panel in the course of
diffuse-to-global measurements made the measured diffuse
irradiance turns small. In other words, it made diffuse-to-global
ratio turned small. As a result, the apparent reflectance turned
small. While diffuse-to global values of band 2 and band 4 were
relatively smaller than other two bands, which contributed to
larger errors of the two bands. All the above confirmed that
diffuse-to-global measurements were critical to the accuracy of
the irradiance-based the method. It was advised that using more
accurate instrument to measure diffuse-to-global ratio could
improve the accuracy of the method.

In order to study a difference in the effect of assumption of
aerosol model on both the irradiance-based method and the
reflectance-based method, several models were selected to es-
timate the apparent reflectance based on the measurement data
at the Erenhot test site on June 1. They involved desertic model,
continental model and urban model. The result was shown in
Fig. 6. Table 2 showed relevant calibration coefficients. It could
be seen from Fig. 6 and Table 2 that results respectively
achieved from irradiance-based method and the reflec-
tance-based method underwent dissimilar effects under three
different models. For all three models, apparent reflectances
varied slightly since their difference was only 0.25% and rela-
tive errors were from 0.39% to 3.78%. As assumption of aero-
sol model only affected p, and S while values of the two pa-

rameters were quietly small, using the value of diffuse-to-global
ratio in place of assumption of aerosol model made the effect of
assumption of aerosol model on the result of the irradi-
ance-based method drop to the low level. However the results
obtained by reflectance-based method changed violently owing
to the influence of diverse aerosol models. The difference be-
tween apparent reflectances reached 1.7% and relative error
drifted from 0.47% to 8.96%. Apparent reflectance derived
from urban model lied the lowest because of its strong absorp-
tion. It is distinctly proved that the irradiance-based method
could reduce the error come from hypothesis of aerosol model.
Table 2 showed calibration coefficients derived from differ-
ent aerosol model. It could be seen that calibration coefficients
respectively achieved from irradiance-based method and the
reflectance-based method underwent dissimilar effects under
desertic model, continental model and urban model. For all
three models, calibration coefficient obtained by irradi-
ance-based method varied slightly from 0.39% to 3.78%, while
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Fig. 6 Comparison of TOA reflectances between the irradiance-based
and the reflectance-based from three aerosol modes
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Table 2 Comparison of calibration coefficients between the irradiance-based and the reflectance-based from three aerosol modes

Irradiance-based, desertic model /x 107 5.25 3.17 3.78 3.40
Irradiance-based, continental model / x 107 5.22 3.15 3.78 3.38
o Irradiance-based, urban model / x107° 5.19 3.15 3.71 3.35
Ccof?f’lrgggg Onboard calibration / x10~° 527 327 3.82 3.47
Reflectance-based, desertic model / x 107 5.33 3.24 3.87 3.46
Reflectance-based, continental model / x 107 5.24 3.18 3.83 3.40
Reflectance-based, urban model / x107° 4.92 3.04 3.54 3.16
Error between irradiance-based calibration and onboard calibration (%) 0.39—1.51 3.19—3.78 0.87—2.69 2.05—3.35
Error between reflectance-based calibration and onboard calibration (%) 0.6—6.71 2.88—6.98 0.47—7.34 1.93—8.96

calibration coefficient obtained by reflectance-based method
changed violently from 0.47% to 8.96%. It is further proved
that the irradiance-based method could reduce the error come
from hypothesis of aerosol model.

4 CONCLUSION

According to the irradiance-based radiometric calibration of
Terra MODIS visible and infrared bands performed at the Er-
enhot test site on June 1, 2007, some conclusions could be ob-
tained as following.

(1) Calibration coefficients for MODIS bands on June 1,
2007 were successfully achieved by using irradiance-based
calibration method. It was shown by comparison of three cali-
bration methods: onboard calibration, reflectance-based and
irradiance-based methods, that the result from irradiance-based
method was quietly consistent with the two other methods with
the relative error of 3.3%. The conclusion affirmed that the
irradiance-based was accurate.

(2) As for the irradiance-based method, the diffuse-to-global
ratio measurement was a key factor to the accuracy of the
method.

(3) In the irradiance-based method, the assumption of aero-
sol model was replaced by diffuse-to-global ratio measurement
value. Since the assumption of aerosol model only had effect on
the determination of p, and s, the replacement could reduce the
error caused by the assumption of aerosol model.

(4) The paper provided a systemic experiment procedure for
radiometric calibration of optical remote sensing using irradi-
ance-based method.

Acknowledgements: The authors are grateful to Wei Feim-
ing, Fu he, Zhu Li, Hu Mei, guo ding and Xiao Dantao of Insti-
tute of remote sensing Applications for their great help in the
field campaign and hu Xiuqing of National Satellite Meteoro-
logical Center for his kindly help in data processing.

REFERENCES

Biggar S F. 1990. Cross Methods for Satellite Sensor Absolute Radio-
metric Calibration. America: the University of Arizona

Biggar S F, Dinguirard M C, Gellman D I, Henry P, Jackson R D,
Moran M S and Slater P N. 1991. Radiometric calibration of
SPOT 2 HRV: a comparison of three methods. Proc.SPIE, 1493:
155—162

David C H. Analytical spectral devices.2002. Inc. HandHeld Spectrora-
diometer User’s Guide

Dinguirard M and Slater P N. 1999. Calibration of space-multispectral
imaging sensors: a review. Remote Sensing of Environment, 68:
194—205

Gu M L. 2000. In-flight absolute radiometric calibration of satellite
remote sensor. Spacecraft Recovery & Remote Sensing, 21(1):
16—21

Hu X Q, Zhang Y X and Qiu K M. 2003. In-flight radiometric calibra-
tion for VIR channels of FY-1C satellite sensor by using irradi-
ance-based method. Journal of Remote Sensing, 7(6): 458—464

Li X Y. 2006. In Flight Radiometric Calibration and Pixel Based Cali-
bration for CCD Camera and WFI Imager on CBERS-02. Beijing:
Chinese Academy of Sciences

Qiu K M. 2001. Constructions, Scientific fruits and applied foreground
of Chinese satellite radiometric calibration sites. Corpus Chinese
Remote Sensing Satellites Radiometric Calibration Sites Contri-
bution. Beijing: Ocean Press

Richard D M. What is the total column ozone amount over your
house?http://toms.gsfc.nasa.gov/teacher/ozone_overhead v8.html.
(2008-09-09)

Slater P N, Biggar S F, Holm R G, Jackson R D, Mao Y, Moran M S,
Palmer J M and Yuan B. 1987. Reflectance- and radiance-based
methods for the cross absolute calibration of multispectral sensors.
Remote Sensing of Environment, 22(1): 11—37

Thome K J. 1999a. Validation plan for MODIS level 1 at-sensor
radiance. (http://modis.gsfc.nasa.gov/data/atbd/val_atbd.php)
(2008-09-09)

Thome K J, Crowther B G and Biggar S F. 1997b. Reflectance- and
irradiance-based calibration of Landsat-5 Thematic Mapper.
Canadian Journal of Remote Sensing, 23: 309—317

Tian Q J. 1999. Quantitative theory, Method and application of remote
sensing information. China Science & Technology Publishing
House

Xiong X and Barnes W. 2006. An overview of MODIS radiometric
calibration and characterization. Advances in Atmospheric Sci-
ences, 23(1): 69—79

Yuan HJ, Gu X F, Chen L F Yu T, Liu Q and Li X W. 2006. Retrieval
and analysis of aerosol optical thickness over Qianyanzhou Re-
gion. Journal of Remote Sensing, 10(5): 762—769

Zhang D Y, Qiao Y L, Yi W N. Yang S Zh, Meng F G, Wu H Y and
Zhang J P. 2002. The irradiance-based method research of
experimentation on radiometric calibration site-the comparison of
synchronous observing instruments. Optoelectronic Technology &
Information, 15(3): 9—13



: MODIS

213

7,

MODIS

£ HER' 4

#, KEE, BAAK, BiEx

1. s , 100101;
2. R 100044;
3. , 100081
m = Terra MODIS ,
MODIS s <3.3%,
KHEiR: , , , MODIS
HESES: TP701/P407 MHEFRIRED: A
: 5 , . , .2010. MODIS ,14(2): 207—218
Gong H, Tian G L, Yu T, Zhang Y X, Gu X F and Gao H L. 2010. Irradiance-based calibration and validation of MODIS
visible and near-infrared channels. Journal of Remote Sensing. 14(2): 207—218
1 (. 2000),
3 (Biggar,
20 90 s 1990) ,
( ,2001) (Slater , 1987)
3.6%(Thome, 1999a),
( , 1999), (
)
(Dinguirard & Sla- >
ter, 1999) s
(Slater , 1987)
; , 3 , 2.5%
(Thome, 1999a),
( , 2000), )
Slater )
20 70 )

(Slater, 1987) (Biggar, 1990),

Y s H #3: 2008-09-24; 1&1T H#A: 2009-02-10

BEemA: 863 (

E—EEEN: 1971— ), >
gonghuiyue@sohu.com

1 2006AA12Z113)

1999 N E-mail:



214 Journal of Remote Sensing & & ¥4k 2010, 14(2)

2.9% (Thome, 1999a) E,
SPOT  HRV Landsat-5 TM MODIS N &
CBERS-1 CCD FY-1C o /3)
(Thome , 1999a, 1997b; Biggar , 1991; ‘ ot

P70
, 2002; , 2003),
M) = uEe ' 5 (2)
, =E};(3) — = /‘SESM
1-ps
MODIS ,
+2%(Xiong & Barnes, 2006), 1
s Terra MODIS
) 2007 6 aus)  Eclus)
Ed(ﬂs) Eg (ﬂs)
) (Biggar, 1990):
1 _
Eg(ug) =——IE§ (u)+ i Ee™ ™ ps] - (5)
2.1 1=ps
@ (3), (us) (Biggar,
A 1990):
L/l (esuevawsawv) (Biggara 2'(/1 ) _ (l —IOS)C_(W”s (6)
1990): s 1-a,
P, (05,0,,0.,9,) =1L, (esaeva(ﬂsa(ﬂv)dz I Egyug (1) Biggar , ()
s Eo; , 6 O o (Biggar, 1990):
P . d (1= ps)e™o/t
() =—"—"2— 7
_ , its=cos(6y) (#,) 1—a, (N
p , . a
(Biggar, 1990): ) (Biggar, 1990):
* T 0T *
P (Bsﬁv,cos,cov)=pA(6’s,9v,(ps,¢>v)+M P (05,6,,0,,0,) = pp(6,.0,,0,,0,)+
(1—pS) S/
=6/ p —6/py
(2) 2 p(1-ps) a (8)
s pA(gsaeva¢sa¢v) S v
;P ;S ; 2.2
t(us)  w(uy) — — 921
7(us) (Biggar, 1990):
2n 1
[ 12ty 0,0 pdudep (2, ; ,
T(p) = 0'H 4+ 00 , >
’ HiE
E 0 b b
— e—é‘/,us +L (3)
M E
0
LW ES
5 1
(Biggar, 1990):
E E
o, = Lal) _67/5“5) )
Eq(ug)  pEe ™" +Ey(u) 2

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



: MODIS

215

2.2.2
Terra
, 2007-06-01 , FR
ASD
FR ASD 350—2500nm,
VNIR 3nm; SWIR 10nm(David,
2002)
2kmx2km
6><7 , 42 )
2 —10 —2
s Imin
GPS
1h,
554
2.2.3
CIMEL
CE318 , 12km
s 7:30—19:00
CE318 8 (Yuan
, 2006) 2 >
, (g/cm’)
NASA TOMS (Richard, 2008)
2.2.4
( 325—1075nm) (David, 2002)
MODIS 1—4
> E(lus)
L(us)(Biggar, 1990),
Ed(:us) — Ld(/us) (9)
EG (,us) LG (:us)
7:30—19: 00, 10min
, 30min Smin
(
) LGI’

Ld)

Ly, Ly L Lo

3
3.1
42 ’ o
4 9
BRF
, (10),
(i)
()
P =210 A (10)
> Ps(A) BRF
5 Vs(l) VT(l)
42
3 b -
0.1—0.4 ,
350—1100nm
3.1%,
; 42
1h
, 0.3%,
1h
MODIS
, MODIS
. 0.004—
0.02, 3.3%
10 _
[k —— Fg
LT A B
2080 —— B2
3 I+ 1 —+ - B3
R 060 11 ] - - B4
5 I : |
% 041 H, H —
% T
= 02 A
X IR L
U ' L ny i ) |
400 500 600 700 800 900 1000 1100
R nm
3 MODIS



216 Journal of Remote Sensing & & 4R 2010, 14(2)
3.2 )
CE318 o, 0, as o, (Biggar, 1990),
, Langley log(%)zlog(l—a):log(l— ps)—(1-b)S/ g, (11)
G
0,
, 0.5% 4(a) ’ — b
2007-06-01 CE318 Langley Jotom, ¢ —(1-b)s. o log(1-ps)
5 ’ 7:30_ 5
19:00 ) , log(1-a) >
4(b) Junge a B, )
, ., CE318
’ ’ ’ ) es HV (28 ay
—0.05
, MODIS 010
MODIS
—0.15 'ewe
3.3
T -020f
» _
0. 0, 2 025
-0.30f
) > 035}
040 . - : : -
_ 12 14 16 18 2 22
9 KA
8L
7t 5 (log(l-a) m)
& 7
&0 r T
| e 3.4
—+-670 nm
3p L 670mm \ MODIS
2t —=—500nm
1} —=380nm
0 —B—IS40nm . . 6S ,
1 3 5 7 9 11 13 5
KA R PA s
(a)
L + a
10 ° 8 MODIS
. %ﬁﬁ*— " ( )
0.8} P FITTER GPS —
- - * , MODIS
& 0.6
3 MODIS
0.4 ( offset=0), (12)
0.2f
Fw—.—-— p; =C;xDC; (12)
0 8 10 12 14 16 18 Py MODIS i ; DC;
ffR] /h .
(b) MODIS i
:C;, MODIS i
4 2007-06-01
(a) CE318 Langley ; (b) MODIS ’

a B

>



: MODIS

217

MODIS

=1 2007-06-01%2BBE .. R EERE L FEMRER

1 2 3 4
: PTOA 0.249 0344  0.150 0.185
: PTOA 0.253 0.351 0.154 0.189
: PTOA 0250  0.355 0.152 0.189
L Ci/x107° 5.25 3.17 3.78 3.4
1 CiIx107° 5.33 3.24 3.87 3.46
L CiIx107° 5.27 3.27 3.82 3.47
%) -0.392  -3.244 -0.872 —2.080
0.999 1. 1.304  —0.
%) 1.009 0.247
1 b
MODIS
2
3.3%, 3
b
2 4
1 3 s
2
2 B
, 2 4
S 2
9
2
s 2007-06-01
b
B
6 2 6
2 , 3
b
3 ,
0.25%, 0.39%—3.78%
Pa S ’ 2

1.7%,

B

0.47%—8.96%,

W G P
B R EE ok Y
B Ak _vhis
O ek _tkili sy

B3 fi B K Y
O & FERR
AN E SN

035
0.30F
»\3{-‘— 025' - 'E
= 020 Fy
X =
= 015} %= EJ
® o010 ﬂ
0.05 Y
n ) .J'J
BB
6
R2 FEASRBREXNBENERRELE
— 5.25 3.17 3.78 3.40
/x10
— 5.22 3.15 3.78 3.38
/x10
— 5.19 3.15 3.71 3.35
/%10
/x107° 5.27 3.27 3.82 3.47
— 5.33 3.24 3.87 3.46
/x10
— 5.24 3.18 3.83 3.40
/%10
— 4.92 3.04 3.54 3.16
/%10
0.39—  3.19— 0.87—  2.05—
1% 1.51 3.78 2.69 3.35
066 288—  047—  1.93—
1% 6.98 7.34 8.96
2007-06-01 Terra
(D) ) MODIS
, MODIS
s 3.3%,
(2) ,
3)
pA N s



218 Journal of Remote Sensing

ERFIR 2010, 14(2)

4

Bt R EZREBHERGE T AR
ERRR R AT . RS KA. AME. FT.
BRAAEFREGH, BRALHAELILE T SH
FEEBBE T EF R LT T H e, kT RAM!

REFERENCES

Biggar S F. 1990. Cross Methods for Satellite Sensor Absolute
Radiometric Calibration. America: the University of Arizona

Biggar S F, Dinguirard M C, Gellman D I, Henry P, Jackson R D,
Moran M S and Slater P N. 1991. Radiometric calibration of
SPOT 2 HRV: a comparison of three methods. Proc.SPIE,
1493: 155—162

David C H. Analytical spectral devices.2002. Inc. HandHeld Spec-
troradiometer User’s Guide

Dinguirard M and Slater P N. 1999. Calibration of
space-multispectral imaging sensors: a review. Remote Sensing
of Environment, 68: 194—205

Gu M L. 2000. In-flight absolute radiometric calibration of satellite
remote sensor. Spacecraft Recovery & Remote Sensing, 21(1):
16—21

Hu X Q, Zhang Y X and Qiu K M. 2003. In-flight radiometric cali-
bration for VIR channels of FY-1C satellite sensor by using
irradiance-based method. Journal of Remote Sensing, 7(6):
458—464

Li X Y. 2006. In Flight Radiometric Calibration and Pixel Based
Calibration for CCD Camera and WFI Imager on CBERS-02.
Beijing: Chinese Academy of Sciences

Qiu K M. 2001. Constructions, Scientific fruits and applied fore-
ground of Chinese satellite radiometric calibration sites. Cor-
pus Chinese Remote Sensing Satellites Radiometric Calibra-
tion Sites Contribution. Beijing: Ocean Press

Richard D M. What is the total column ozone amount over your
house?http://toms.gsfc.nasa.gov/teacher/ozone_overhead v8.
html. [2008-09-09]

Slater P N, Biggar S F, Holm R G, Jackson R D, Mao Y, Moran M S,
Palmer J M and Yuan B. 1987. Reflectance- and radi-

ance-based methods for the cross absolute calibration of mul-
tispectral sensors. Remote Sensing of Environment, 22(1): 11—37

Thome K J. 1999a. Validation plan for MODIS level 1 at-sensor
radiance. http://modis.gsfc.nasa.gov/data/atbd/val_atbd.php
[2008-09-09]

Thome K J, Crowther B G and Biggar S F. 1997b. Reflectance- and
irradiance-based calibration of Landsat-5 Thematic Mapper.
Canadian Journal of Remote Sensing, 23: 309—317

Tian Q J. 1999. Quantitative theory, Method and application of
remote sensing information. China Science & Technology
Publishing House

Xiong X and Barnes W. 2006. An overview of MODIS radiometric
calibration and characterization. Advances in Atmospheric Sci-
ences, 23(1): 69—79

Yuan HJ, Gu X F, Chen L F, Yu T, Liu Q and Li X W. 2006. Re-
trieval and analysis of aerosol optical thickness over Qian-
yanzhou Region. Journal of Remote Sensing, 10(5): 762—769

Zhang DY, Qiao Y L, Yi WN. Yang S Z, Meng F G, Wu H Y and
Zhang J P. 2002. The irradiance-based method research of ex-
perimentation on radiometric calibration site-the comparison
of synchronous observing instruments. Optoelectronic Tech-
nology & Information, 15(3): 9—13

Bt o 325 % SRk
. 2000.
,21(1): 16—21
. 2003. FY-1C

» 1(6):

5 s

458—464
. 2006. CBERS-02 CCD WEI

. 2001.

. 1999.

. 2006.
, 10(5):

762—769

2002. _

, 15(3): 9—13



