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Abstract:
Lake Qinghai test-site for the absolute radiometric calibration for thermal infrared band of HJ-1B. By using measurement data
and landsat5-TM to analyze the different results between site calibration and primeval calibration, it shows that the accuracy of
in-flight site calibration had been increased 0.6%—3% comparing with the primeval calibration result and the total accuracy is

This paper presentes an in-flight site calibration method for thermal infrared band of HJ-1B, taking advantages of

about 1K. Thus this new site calibration method is applicable to the in-flight absolute radiometric calibration of these sensors
without the capability of detecting cold space. By the way, the accuracy of calibration for thermal infrared of HJ-1B can meet
user’s requirements for the application of quantitative thermal infrared data.
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1 INTRODUCTION

With the development of remote sensing technology in recent
years, thermal infrared remote sensing also finds its broader
quantitative application. Thermal infrared remote sensing plays
an important role in the prevention of environmental pollution,
natural disaster surveillance, agricultural draught surveillance,
UHI research and so on(Tian et al, 2006). China successfully
launched environment disaster surveillance and forecast satel-
lites (for short HJ-1 satellite) on Sep. 6th, 2008, which carries a
thermal infrared MSS (for short IRS). This sensor features
10.5pum—12.5pum channel width, 300 Nadir spatial resolution,
720km breadth and it repeats observation every four days. All of
this, to some extent, can meet the requirements of thermal infra-
red quantitative application.

The precondition of remote sensing data quantitative applica-
tion is the exact absolute radiometric calibration for sensor, that is,
the quantitative relationship between output signals of sensor
(usually satellite image digital counts DN) and target output of
absolute physics quantity(Palmer,1993). All of the diversification
factors cause degradation in detestability of satellite sensors; in-
cluding sensor’s vibration when launched, space condition change
in orbit, degradation of parts of an apparatus and so on. Regular
in-flight absolute radiometric calibration can check up sensor’s
changing performance, modify primeval calibration resu- Its, and
finally meet the accurate requirements of remote sensing quantita-
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tive application (Biggar, 1990).

In-flight absolute radiometric calibration methods include on-boar
d-calibration, cross-calibration and site-calibration. The site-calibra-
tion can test the stability of onboard-calibration system, correct accur
acy of onboard calibration results, and achieve
the purpose of calibration without reference data of cross-calibr-
ation. At present, site-calibration methods of thermal infrared is  pro-
posed for Landsat5-TM, MODIS, FY satellite sensors, using homo-
geneous objects such as ocean, lakes, cloud (Richter, 1997; Teillet &
Slater et al., 1990). Those methods have different characteristics and
applicability.

This paper has done research on the characteristics of IRS
the capability of detecting cold space, and then without carried
out in-flight site radiometric calibration for B8 channel of HJ-
1B.The paper obtained an improved site-calibration and calibra-
tion result based on Lake Qinghai measurements on Aug.12",
2009. Furthermore, the accuracy of this calibration result is
analyzed using test site-measuring temperatures and Landsat5-
TM. The final result indicates that site-calibration result is ac-
curate and it can supply user for engaging on remote sensing
data quantitatively application with calibration coefficients

(www. cresda.com).

2 IN-FIGHT SITE-CALIBRATION METHOD

By detecting calibration site (Lake Qinghai), the satellite
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sensors receives three radiance including three parts: the radi- the following equation:
ance directly from earth’s surface that reaches the sensor DN=gxL,+b 4)

through atmospheric scattering and absorption; the size of
which is decided by the temperature of water surface, land sur-
face emissivity and atmospheric transmission; The up-welling
atmospheric radiance that is related to the contents and physical
state of Air Impact factor; the down-welling radiance reflected
by water surface that reaches the sensor through atmospheric
scattering and absorption(Zhang, 2006).

The Monochromatic radiance which is received at HJ-1B
sensor radiance can be calculated by the following equation:

L(A) = Lo ()74 (A) + Ly () +

plake(’?“)ra (’?“)Ldown (ﬂ“) (1)
where 7,(A)is the total transmission rate of the atmosphere,
Lie(A) is the water body radiance to the direction of the satel-
lite; Lyp(A) is the up-welling Monochromatic radiance; ai(4)
is the water body reflectance; Lyown(4) is the down-welling
radiance.

Being a blackbody system, the lake surface radiance emitted
and reflected could be united into Liu.(4) and could be meas-
ured by spectrum radiometer CE312. Then Eq. (1) changes Eq.
2).

L(2) = Lyea (D)7, (A) + Ly (2) &)

The total Monochromatic at-sensor radiance must be trans-
formed into satellite channel equivalent radiance, the equivalent
radiance of HJ-1B channel can be defined as L.(1).

_[E) firs ()
© [ rsda

where firs(4) is spectral response function of HJ-1B-B8 channel.

©)

The relationship between HJ-1B-B8 channel radiance and sen-
sor digital counts is designed in linearity, so it can be supposed

Data preparative

where DN is the sensor digital counts; L. is channel radiance;
the calibration coefficient g is gain and b is the offset. When
sensors observe land surface and cold space comparatively, we
can conclude two groups of different data. At the same time, the
calibration result is calculated based on Eq. (4). Because ra-
diometric calibration of HJ-1B-IRS is not capable of observing
cold space, we uses onboard high-temperature cali- bration
blackbody data in replace. The site-calibration of HJ-1B ther-
mal infrared flow chart is shown in Fig.1.

3 SITE-CALIBRATION FOR THERMAL INFRARED
OF HJ-1B

3.1 Lake Qinghai Site Descriptions and data measure-

ments

Lake Qinghai (Qinghai province), the biggest inland Plateau
salty lake in China, is located in the northeast part of Qingzang
Plateau. The coordinates of the test are 36.5°N—37.2°N latitude
and 99.6°E—100.7°E longitude. The size of Lake Qinghai is
approximately 4473km” with a circumference of 360km. A
length of 109km in east and west, a width of 65km in south and
north and an average depth of 16km. The deepest place of
Lake Qinghai is 28km with the sea level of 3196km. This site is
a natural site-calibration for thermal infrared of HJ-1B, which
belongs to high frigid semiarid grassland weather and is charac-
terized by high sea level, clean air, small aerosol particles, low
water vapor and balanced water temperature (Li ef al., 2001).
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In-flight site calibration for thermal infrared channel of HJ-1B
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The test of site-calibration for thermal infrared of HJ-1B
measurements includes Lake Qinghai surface radiance (CE312
measured), Lake spectral data (102F measured), lake water

temperature, GPS, universal atmospheric parameter and so on.

3.2 CE312 lake radiance processing

3.2.1 Radiometer blackbody calibration

The blackbody calibration of the principle of radiometer
CE312 is realized by a secluded reflector comparing the object
radiance and interior reference radiance. This test uses Boman
M340 Blackbody to calibrate CE312, and obtains many group
calibration data at SF1t1M model, and then calculates the cali-
bration coefficients A and B based on relationship between
radiometer digital counts and object radiance Eq.5.

Ly—L,=A4x(DC,-DC,)+B ®)

where DC,,, is the digital count of radiometer when reflector is
inserted into light-wave path and when the reflector is taken
over, L is Boman M340 blackbody radiance, L,, is the reflector
radiance.

Blackbody radiance L, and reflector radiance L,, are calcu-
lated with blackbody temperature 7}, radiometer interior probe
temperature 7T,,, Plank Eq.6 and Eq.7.

C
Ly=——“1 (6)
A C%
Ale /AT —1
N
DLy xRy = 2) % f(29)]
_ i=0
L= 7
D[y = ) f ()]
i=0
where L; is the blackbody radiance, C;=1.19104x10?

w-um*m s, C,=1.43877x10* umK, T is the blackbody
temperature.

According to the feature of thermal infrared channel of
HJ-1B, the calibration for fifths channel of CE312 is needed.
The calibration blackbody was plane blackbody with emissivity
0.984+0.01, temperature error +0.2°C, and reading error
+0.2°C,so that there will be certain error with single calibration
data. Data processing required averaging the same temperature
data and calculated calibration coefficients. The blackbody
calibration results of CE312 in Lake Qinghai test are as follows,
A:0.0025, B:0.0184 W-m st -um .

3.2.2 Lake Qinghai radiance calculation

Due to the above blackbody calibration results, the radiance
of test-site measured by CE312 is performed. The lake radiance
L and temperature T are obtained with Eq.5 and Eq.6. Owing
to the errors under the measurement, we need to eliminate those
singularity data. The processed introductions in detail are as
follows:

(1) Calculate every-station brightness temperature (7, i=1,
2, ..., n) with Plank equation.

(2) Calculate average brightness temperature 7.

n
T,=Q.T)/n ®)
i=1
(3) Deviation average between 7; and 7.
n
ST, = Q[T =T, /n =1) ©)
i=1
(4) Eliminate accidental singularity with the following rela-
tion.
T -T,
‘ : “‘ =3 (10)
o7,

Lake temperature with CE312 measurements retrieval was
compared with continuous-temperature measuring apparatus
data to validate rationality and accuracy of data processing.
Comparison result is shown in Fig.2.
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Fig.2 Comparation between CE312 retrieval temperature and
measurement temperature

The trends of temperature-line between CE312 retrieval
temperature and continuous-measuring temperature are the
same and the average temperature variation is less than 1.2°C.

The continuous thermo scope is 0.02°C in precision, and
located in 0.5m under the water body. The lake Qinghai is sa-
line and the temperature is converse delaminated in autumn.
Considering salinity and illumination, we find the measured
temperature is less than 0.2°C (Fang Shenghui et al., 2009).
The data of radiometer CE312 was bigger than actual tempera-

ture for water reflection and emissivity is 0.98. Considering the
homogeneous of Lake Qinghai and 0.6 W-m™-sr™' -um™ in
precision, the CE312 result satisfies the requirements of sensor
calibration (Zhu Li, 2008). After eliminating error data, average
lake radiance is half an hour during the satellite passing through:

7.7289 W-m st -um .
3.3 Spectral matching

There are spectral differences between CE312 channel and
thermal infrared channel of HJ-1B, because radiometer is de-
signed simulating by satellite channels. Spectral matching be-
tween CE312-B5 and HJ-1B-B8 can minify the differentia.
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Particular steps are shown as follows. Convolution of
102F-surface radiance with the CE312 response the function to
obtain lake-surface radiance; Convolution of 102F-surface ra-
diance with the IRS response the function to obtain
IRS-lake-surface radiance. Calculate the ratio between the
CE312-surface radiance and IRS-surface radiance.

Lo (D) feu (A)d2

- 1

T i an
JLIOZt‘ (A)+ frs(A)dA

- 12

M iz (12)

R
k=5 13
Rcg (13)

where Lcg is CE312 measured lake-surface radiance, Ljrg is
IRS lake-surface radiance, Lp{( A1) is 102F measured lake- sur-
face radiance, fcg(4) is CE312-band5 response function, firs(4)
is IRS system response function.

The comparison of the response function between
CE312-band5 and HJ-1B satellite thermal infrared channel is
shown in Fig.3.
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Fig. 3 The response function of CE312-band5 and IRS thermal
infrared channel

This paper selects 102F data as reference and calculates the
arithmetical average of different matching results in processing.
Thus the spectral matching result of HJ-1B satellite B8 channel
is 1.01, and the at-sensor radiance can be calculated by the fol-
lowing equation:

Lo(D) = k- Ligeea (1) 74(A) + Ly () (14)

3.4 MODTRAN radioactive transfer calculate

Atmospheric characteristic data are collected at the same
time as the in-situ measurements. The temperature, water vapor
and pressure altitude profile and the earth's surface parameters
can be extracted from the measurements. Considering testing
condition, the position of sounding balloon blastoff was near
the bird- island hotel.

The curve of atmospheric temperature, water vapor and
pressure along with altitude is shown in Fig.4.
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Fig. 4 Atmospheric characteristic curve

These atmospheric and observation geometry data were in-
put to MODTRAN radioactive transfer model (Berk A &
Anderson G.P et al.,, 1999) that computes total surface-to- satel-
lite path transmittance and path thermal radiance which are
shown in Fig.5.

The equivalent satellite channel of total transmittance and
equivalent path thermal radiance were calculated by integrating
over the system response function of IRS thermal infrared
channel. The equivalent transmittance are 0.8813 without units,
and the equivalent path thermal radiance is 0.7225 W-m st

um’l.
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3.5 Determination of image digital numbers (DN)
and calibration coefficients

To extract the digital numbers of images, we must ensure the
matching precision between measurements region and extrac-
tion region. The DN output was determined by averaging the
DN output for the requirement pixels related to our test
site(Mayumi Y & Hiroshi M.K et al., 2005). The region near
our measure site was located in north of the Hill-Haixin by GPS
data which were measured in test. The extraction region is
shown in Fig.6.

Fig. 6 Extraction of image digital numbers

The DN from these pixels is the averaged and rated to the
predicted radiance from the primeval Eq. (1) calculated with
measurements to obtain the calibration coefficients using
Eq. (3). There are two unknown quantities in Eq. (3), so it is
necessary to obtain another group of data. The IRS doesn’t have
capability to observe the cold space on-orbit. Meanwhile, the
IRS is designed in linearity, so error of the single arithmetic is
biggish. On-board high-temperature blackbody was adopted to
replace cold space data.

At the basis of the on-board calibration principle, the
high-temperature blackbody data processing results are shown
in Table.1.

Table 1 The result of onboard high-temperature blackbody
data processing

Time/Item Aug.5th Aug.14th
Radiance/ Radiance/
DN 2 -l -1 DN 2 1 -1
(W-m™-sr™-um™) (W-m st -um™)
Min 677.25 11.99 680.62 12.00
Max 718.87 12.99 720.00 13.02
Average  699.82 12.21 701.52 12.23

According to the results presented above, calibration coeffi-
cients for thermal infrared channel of HJ-1B are calculated. The
gain is 59.421 W-m s -pum . The offset is —25.441.

4 RESULT ANALYSIS AND DISCUSSION

4.1 Calibration result precision verify

The paper selected Lake Qinghai temperature measurements
and Landsat5-TM (10.5—12.5um) to cross verify the primeval
result and the new site-calibration result.

4.1.1 Analyzing based on actual measurements

In order to obtain the simultaneously and coprovincial water
surface radiance, we calibrated the remote sensing images in
Aug.12" Aug.16"™ with the primeval coefficients and the new
coefficients. And then, compared the temperature measure-
ments with the brightness temperatures of HJ-1B data, which
were calculated by radioactive transfer model arithmetic, we
can obtain the result. (Table 2).

Table 2 Comparison result temperature retrieval for HJ-1B and
the measurements

. Continuous Buoyage
. . Retrieval
Time  Coefficients Temperature/°C temperature temperature
P differentia /°C differentia /°C
Aug 120 primeval 15.99 0.65 1.14
ug.
£ New 15.43 0.10 0.58
Aug 16" primeval 15.86 0.31 0.39
ug.
¢ New 15.28 0.27 0.19

4.1.2  Analyzing based on Landsat5-TM

For the list range limitation, the data were selected from
Lake Qinghai TM on Aug.11th 2009, the satellite HJ-1B and
the satellite Landsat5-TM and compared as the reference data
to analyze the calibration result. Because the same color means
the matching regions between the two satellites’ images (Fig.7),
the DN statistics of the regions can be achieved (Table 3).

Table 3 Matching regions DN statistics of HJ-1B and Landsat5-TM

HIJ-1B thermal infrared data DN statistics Landsat5-TM DN statistics

Region
Min Max Mean Min  Max Mean
1 428 443 435.05 115 117 115.83
2 426 444 434.74 115 117 116.06
3 426 441 433.93 115 117 115.93
4 421 441 432.60 112 117 115.08
5 423 439 431.81 114 116 115.18

We calculate the absolute radiometric calibration equation
by assistant file of Landsat5-TM.
(Limax = Linin)
Lo == S DN+ Ly,
where L,,,=15.303, L,,;=1.238.
At the basis of the DN statistics, we calculate the radiance

(15)

and the brightness temperatures, and then, make the average of
the results to increase precisions. The brightness temperatures
of HJ-1B data are compared with BTS of Landsat5-TM.
Compared with Landsat5, HJ-1B passed through Lake
Qinghai is12 minutes early. However, we assume the tempera-
ture invariableness, considering water area and quality. The
spectral range of these two sensors is similar, so the comparison
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Fig. 7 The spatial matching region of HJ-1B and Landsat5-TM
(a) The spatial matching region of HJ-1B; (b) The spatial matching region of
Landsat 5-TM

results can reflect the accuracy of different coefficients(Flavio
& Jurandir 2004). After analyzing Table.4, we conclude the
radiance and BTS based on site-calibration result close to
Landsat5-TM product (Kurtis & Dennis et al., 2004).

Table 4 Radiance and brightness temperature comparison

Data with calibrated coefficients ~Primeval Site-calibration Landsat5-TM

Radiance / W-m™2.st™-pum ™' 7.7795 7.7257 7.6150
Brightness temperature / °C 15.18 14.73 14.15
Radiance Stdev 0.00052 0.00055 0.00062

4.2 Different calibration results accuracy analysis

4.2.1 Primeval calibration coefficients accuracy analysis

The primeval calibration for thermal infrared of HJ-1B was
obtained by on-board blackbody calibration in 2008. What is
more, the arithmetic for the pre-launch laboratory’s experience
has errors. At the same time, there are some influence factors
such as space environment, components disintegration and so
on. The primeval calibration result has not reflected the right
relationship between input information and digital number of
HJ-1B-IRS. It is very important to correct calibration accuracy.

4.2.2  Site-calibration result accuracy analysis
The site-calibration for thermal infrared channel of HJ-1B is
influenced by many factors. Firstly, the Lake Qinghai surface

radiance fluctuates with time and temperature changing (Fig.8).

Synthetically analyzing, there is about 0.5 W-m st -um ™

changes in an hour. The different spectral response of
CE312-B5 and HJ-1B-B8 channel along with matching stan-
dard data fluctuation bring spectral matching errors (Simon J.H
& Gyanesh et al., 2004).
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Fig. 8 Radiance fluctuation curve of Lake Qinghai

Secondly, detecting stability of sensor make on-board cali-
bration blackbody temperature change +2°C, which causes
radiance 0.02(W-m™-sr™"-um™) and digital number 2DN in
fluctuate. In summarize, on-board high-temperature calibration
blackbody data causes site-calibration of HJ-1B B8 channel a
few errors.

4.2.3  Comparison of calibration result accuracy

According to the comparative results above, we analyze the
accuracy change between primeval result and site-calibration
result of HJ-1B thermal infrared channel.

The new calibration coefficients are better than 0.6%—3% in
relative precision, comparing with the primeval result. Further-
more, the analyzing result shows that the detection capability
have changed, and needed to be corrected periodically.

5 CONCLUSION

This paper offers a new in-flight site absolute radiometric
calibration method for thermal infrared channel of HJ-1B on
the basis of Lake Qinghai test, and obtains the calibration result.
By comparing and analyzing the accuracy between primeval
calibration result and site-calibration result using measurements
data and Landsat5-TM, the result
tion coefficients is better than 0.6%—3% in relative precision.

shows that the new calibra-

Furthermore, the primeval calibration result has not satisfied
remote sensing data’s quantitatively application. The
site-calibration method for B8 channel of HJ-1B is fit for cali-
bration of sensor without observing cold space, and then, the
calibration result accuracy satisfies the user thermal infrared

data’s quantitatively application.
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