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Lookup table method of effective bandwidth for HJ-1B B08
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Abstract: Improve HJ-1B B08 on-board absolutely radiometric calibration precision by virtue of a constructed lookup table
(LUT) method that fit for HI-1B BO8 characteristic to calculate its effective bandwidth. LUT method is based on HI-1B
on-board radiometric calibration theory, pre-launched experiment datum and Planck formula. As a result, HI-1B BO08 effective
bandwidths are 2.01 um, 1.940 pm and 2.394 pm corresponding to LUT method, FWHM method and moments method (MM).
LUT method has low association to blackbody temperature, and the relative difference is 0.3% between normal temperature and
high temperature state. FWHM method and MM method are either higher or lower, and the calibrated top of atmospheric (TOA)
radiance is either lower or higher, so they are not fit for HJ-1B BO8 characteristic. LUT method gives a result that very close to
field experiment, and the absolutely error is 0.04 W-m sr™"-um™ corresponding to approximately 0.4 K TOA radiant tem-
perature error, so it can be better when used to HJ-1B B08 on-board absolutely radiometric calibration.
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1 INTRODUCTION

HJ-1 satellite constellation is designed for environmental
protection and disaster prevention of China, which combines
two optical satellites and one radar satellite, that “2+1” model.
Numbered B (named“HJ-1B”) optical satellite was launched in
September 2008. HJ-1B has two optical CCD sensors and an
infrared sensor IRS, which includs one thermal infrared band
(B08), and the designed parameters is shown in Table 1.
Accurate absolute radiometric calibration of remote sensing
images is a prerequisite for quantitative applications (Lefevre et
al., 2000), and all the latest generation of satellite thermal
infrared sensors have on-board calibration system, such as the
USA MODIS and TM optical satellite sensors, which have a
full-aperture calibration system; and the Chinese FY-2 satellite,
which has a semi-aperture optical calibration system (Zhang,
2006). HJ-1B used the full-aperture on-board calibration system,
HJ-1B thermal infrared band measures the blackbody irradiance
NJ(W-m™) in ground-based experiment pre-launch, while
radiance LAW-m™>m -st™") is needed in actual quantitative
remote sensing application. N, and L conversion are needed to
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consider the effective bandwidth AL of the sensor channel; and
A4 accuracy directly affects the calibration accuracy. Usually
AA is calculated by normalization peak method (Peak Method),
half-width method (Full Width at Half Maximum, FWHM) and
Palmer (1984) proposed Moments method (MM). These
methods have their own characteristics and applicability. Peak
normalization method treats the maximum response as band
effective wavelength, and uses the channel response of the
integral area which is divided by the effective wavelength as an
effective bandwidth, and large errors estimated. FWHM method
treats half of the peak response (0.5R,,,) as wavelength limit,
and the wavelength between upper and lower bounds as
effective bandwidth, and wavelength center as -effective
wavelength. MM method combines the features of channel
response, and effective bandwidth is calculated by integral
channel response with wavelength. In MM method, the
effective wavelength and the wavelength boundary are clear
expressed (Liang, 2009), In this paper, we study different AA
based on HJ-1B IRS B08 channel response function features by
using on-board calibration data on August 5, 2009 and August
14, 2009, and analyze their suitability to improve HJ-1B IRS
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BO8 on-board calibration accuracy.

Table 1 Designing parameters of HJ-1B B08

load  band spectral Spa[.lal swath/km  recycle/d
range/im resolution/m
IRS  BO08 10.5-12.5 300 720 4

2 HI-1B ON-BOARD CALIBRATION THEORY

Function about blackbody irradiance and temperature are
establishment before satellite is launched in a vacuum in the
ground-based experiment, as Eq.(2) shows below. Systematic
signal amplitude level of cold space is zero in theory during
on-board calibration by means of observing the cold
background radiation of space to determine the instrument
benchmark. However, due to the shelter effect of solar panels,
HJ-1B IRS can not observe the cold space, so two blackbodies
are used to implement on-board calibration. One for achieving
benchmarks and the other for radiance calibration. The relative
position of the two blackbodies is shown in Fig.l. During
on-board absolute radiometric calibration period, IRS detector
collect system status P, (7., DN) at 293+5 K normal
temperature of blackbody firstly and then system status at high
temnperature 328+5 K Py(T.o, DN). Then P, and P, are covered
to Py'(N.i, DN,) and Py’ (N5, DNy) by conversion Eq.(2) and
Eq.(3), established based on ground-based test. Then
substituted P;' and P,' into Eq.(1) to regress on-board absolute
radiometric calibration coefficients: gain g and offset b.
Benchmark and calibration blackbodies’ emissivities &, are
greater than 0.95, and the temperature instability AT is £0.05 K,
and the temperature uncertainty AT, is lower than 0.2 K. In
order to reduce the blackbody temperature measurement
uncertainty effect, relationship between blackbody irradiance
and temperature are formed nonlinearly, which causes the
temperature effect down to 0.1 K, and emissivity effects are
alleviated through standard high-precision ground plane
blackbody (e,=>0.998) placed in the vacuum.

T
benchmark blackbody

calibration blackbody

Fig. | On-board calibration two blackbodies arrangement

{L=(DN—b)/g M

L=N_/(AAxT)
where L is radiance (W-m‘z-pm_l~sr‘l). DN is digital count. N,
is irradiance (W-m™). A4 is the effective bandwidth (um). b
is the calibration bias (DN). g is the calibration gain
(DN-W™"'m*sr-um).

3 CALIBRATION AND RESULTS

3.1 DN calculation

HJ-1B IRS BO8 arranges 10 detectors on sensor panel. Two
hundred and twenty five times observations are carried out each
on-board calibration process. The measurement values are
mainly recorded in the blackbody state file (.rcp file) and sensor
status file (.cal file). Cal documentation records the sensor
response as digital count DN for 8 times, corresponding to the
last eight columns in cal documents and calibration calculations
take 8 DN mean values as effective value. Fig.2 is on-board
calibration DN results on August 5, 2009 at normal and high
temperature, respectively. Fig.3 is on-board calibration DN
results on August 14, 2009 at normal and high temperature,
respectively, in which DN;stand for the digital count of the ith
detector, and i is the detector sequence number.

3.2 Irradiance calculation

Rep file contains calibration blackbody temperature T, and
double-sided mirror left and right edge temperature 7, ; and
T, »- Then according to former Eq.(2), we calculate Ny, of the
sensor in the optical system. Fig.4 shows the blackbody
temperature T, corresponding to different irradiance Nr..
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Fig. 4 Calibration blackbody temperature T, VS irradiance Ny,

Ny =k + kT, + kT2 + kg2 05
where Nr.is irradiance(W-m™2). k;is a constant that measured in
laboratory prelaunchly.

HIJ-1B BO8 imaging by double-sided mirror, and double-
sided mirror contribute irradiance to the optical system, so
correct the double-sided mirror irradiation contribution by
Eq.(3) to get the corrected irradiance N, where a; and b are
double-sided mirror temperature correction constant. Fig.5 is
on-board calibration N, results on August 5, 2009 at normal and
high temperature. Fig.6 is on-board calibration N, results on

August 14, 2009 at normal and high temperature.
N.=a,+b XN

a. =agy+ay XT,,

3
bc=aco+bcl)<Tm ( )
Ty =(T, ;+T, )2

3.3 Radiance translation

On-board calibration primary result irradiance N, needs to
be converted to radiance L through the effective bandwidth A4
by Eq.(1). A4 is the key point in the conversion process.

3.3.1 FWHM and MM methods

FWHM treats the effective bandwidth at half maximum
response (0.5R,,), and it’s experienced and simple, as shown
in Fig. 7. MM calculates the effective bandwidth through
effective wavelength, such as Eq.(4) shows (Palmer, 1984).
Table 2 gives the two kinds of results calculated by FWHM and
MM, and shows that FWHM and MM results are quite different
at 20% relative difference.
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Fig. 6 On-board high temperature VS irradiance of August 14, 2009
(a) Normal temperature; (b) High temperature
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Table 2 Effective bandwidth value of FWHM and MM methods

FWHM/jum MM/um
Effective bandwidth 1.940 2.394

where f{A) is the sensor channel response function. A, and
Amin are the maximum and minimum wavelength boundary and
the channel response function is zero outside this range.
3.3.2 LUT method

It’s known from Eq.(1) that the effective bandwidth A/ is the
function of irradiance and radiance, so it can be calculated if the

blackbody irradiance and radiance by their ratio are known.
Irradiance N, of calibration blackbody is calculated by Eq.(2)
through temperature T,. Radiance L, is calculated by the
response function(CRF) and
blackbody emissivity €,, as the Eq.(5) shows (Rong, 2005;
César, 2003), Then build A4 lookup table (LUT) by the ratio of
N,, and =L, at different blackbody temperatures T, calculated

Planck function, channel

“look-up table method.” When used in the process of on-board
calibration, effective bandwidth is lookup by blackbody
temperature. Effective bandwidth of the lookup table method
results are shown in Fig.8 and Table 3, in which AA linear
varieties from 2.010 to 2.016 corresponding to 29325 K normal
temperature and 328+5 K high temperature, and the relative
difference is 0.3% or less. Linear variation may be caused by
temperature drift of calibration blackbody. A1 of lookup table
method is between the results obtained by FWHM and MM.
The impact of A4 effect on calibration results are specifically
analysis below, and determine the optimal one.
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Fig. 8 Lookup table value of effective bandwidth

Table3 Lookup table value of effective bandwidth

TK Adlum TIK Adjpm
286 2.0106 312 2.0138
288 2.0109 314 2.0140
290 2.0111 316 2.0143
292 2.0114 318 2.0145
294 2.0117 320 2.0147
296 2.0119 322 2.0149
298 2.0122 324 2.0151
300 2.0124 326 2.0153
302 2.0127 328 2.0155
304 2.0129 330 2.0156
306 2.0131 332 2.0158
308 2.0134 334 2.0160
310 2.0136 336 2.0162
he
j“’“‘ £,2hc2 A7 (e —1)7) £(A)dA
L,, = = ©)
Lm F(A)dA

where h is Planck constant, 6.626x107* Is. k the Boltzmann
constant, 1.3806x107> J-K™". ¢ is the speed of light, 2.998x10°

ms L.
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3.4 Calibration results

It’s known from Fig.2, Fig.3, Fig.5 and Fig.6 that HJ-1B
BO8 10 detectors themselves exist differences of DN and
irradiance, which means detectors’ response is not stable
enough and a larger equivalent noise is existent. At the normal
temperature, detectors’ DN is different within 4 DN, and
radiance is different within 0.02 W-m'z-pm_l-sr'l, which means
the relative difference between the detectors is large. At the
high temperature, detectors’ DN is different within 2 DN, and
radiance is different within 0.02 W-m™um™sr”', which means
there are also relative differences. To reduce the count differ-
rences and radiance differences, average DN and radiance of all
detectors are used in calibration process to obtain radiance L
and DN at normal temperature and high temperature, and then
obtain the calibration coefficients by linear regression under the

different effective bandwidth as shown in Table 4.

Table4 On-board calibration results

(gain g/(DN-W~"-m>sr-um), bias b/DN)

Date

FWHM MM LUT
(7457, (70,903, (39.920,
2009-08-05 224.660) 224.661) ~27503)
(56.995, (70333, (59.438,
2009-08-14 ~18.208) ~18.208) 21.029)

4 RESULTS ANALYSE

Table 4 shows that calibration coefficients of FWHM, MM
and LUT methods are different from each other. MM gets the
largest gain and LUT method gets the largest bias. Using
Terra-MODIS synchronized observation data and Qinghai Lake
field experiment data to validate the calibration coefficients to
analyze the applicability of the three bandwidths.

4.1 Analyzed based on MODIS

Calibrated HJ-1B IRS image over Qinghai Lake on August
12, 2009 04:22 (UTM) using three couples of coefficients of
August 5 in Table 4 to get TOA radiance L, and then compared
them with Terra-MODIS image B31,32 overpass at 04:18
(UTM) in the same day. The pixels in green lines is the
amplified in red lines in Fig.13, which included sea-heart and
experiment area, and Fig.[5 are comparison of TOA radiance
profile between MODIS B31,32 and HJ-1B B08, and Fig.14 is
horizontal profile corresponding to horizontal line in Fig.13,
and Fig.15 is vertical profile corresponding to vertical line in
Fig.14. It can be known from Fig.14 and Fig.15 that TOA
radiance of MM is lower than the other methods and TOA
radiance of FWHM and LUT are located between MODIS B31
and B32, except that FWHM results are higher than that of
MODIS on water surface.

Combination of Fig.11 about equivalent wavelength that
HJ-1B B08 s is allocated between MODIS B31, 32’s and
thermal infrared radiactive transfer theory, MM gives a larger
bandwidth than actual value and therefore the calibrated results
are significantly lower, producing the maximum error.

4.2 Analyzed based on field measurement

Water body is an appropriate object used in validation for its
temperature that not changed apparently in large area (Thome
1998; John, 2001; Barsi, 2003). Predicted TOA radiance of
HJ-1B IRS B08 over Qinghai Lake in 12 August, 2009 using
radiative transfer calculation based on the in situ measurements
of atmosphere and water surface is shown as “experimental
value” in Fig.9, Fig.10, Fig.11 and Fig.15, and Table 5 is the
TOA radiance comparison between experimental value and
vertical profile of water body. Tables and Figures show that
FWHM gives a lower effective bandwidth that lead to a higher
calibrated radiance and MM gives a lower calibrated radiance.
LUT method result very approximate to experimental value and
the difference of them is within 0.04 W-m™sr " -um™".
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Fig.9 HIJ-1B B08 image of Qinghai lake area
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Table 5 Vertical profiles versus experiment value

Methods TOA radiance L difference L difference
LW-m?sehpm™) - (Wom st pm™) 1%
Experimental value 7.61
FWHM 793 032 420
MM 6.42 -0.81 ~10.64
LUT 7.65 0.04 0.53

4.3 Two times comparison

As Table 4 shows there is a certain difference of bias b of
the same method on August 5 and 14, but the gain g difference
is not apparent. The difference of b is about 6 DN, since
on-board calibration system is not stable enough at normal
temperature with only changed in 1 K. The affection of b to
radiance L is calculated by partial derivation of Eq.(1) showed
as Eq.(7). The maximum difference of radiance L caused by b
between these two times is 0.1 W-m™sr "-um™, and the result
on August 14 is the same as that on August 5.

e(Ab)=dL/obxAb=-Ablg ©)

5 CONCLUSION

Effective bandwidth is one of the key parameters during the
calculation of on-board calibration. LUT method, which was
constructed by on-board calibration theory, pre-lunch experi-
mental datum, channel relative reply, and Planck function
composed a result that shifts from 2.010 pm to 2.016 um corre-
sponding to normal and high temperature. Effective bandwidth
of LUT is distributed between that of FWHM and MM. The
TOA radiance error of these three methods on Qinghai Lake
surface are 0.32, —0.81, and 0.04 W-m"z-sr‘l-um‘l, which lead
to 3, -8, 0.4 K TOA temperature respectively. Instability of
on-board calibration status at normal temperature of calibration
blackbody lured 0.1 W-m™%sr™"-um™" errors on TOA radiance,
equally to 1 K TOA temperature error. For the character of
HJ-1B IRS B08 channel response function, FWHM and MM
are not suitable in the process of on-board calibration, and LUT
can get a better on-board calibration result.

The ten detectors on HJ-1B IRS BO8 are fluctuated with
each other, so relative radiometric calibration need to be
considered to get a higher accuracy of on-board calibration
based on level zero images. Normal temperature status of

calibration blackbody produces a direct affection on bias b, and
an indirect affection on gain g. However, the affections on b
and g are not independent for the change of bias b affect gain g,
80 it is necessary to substitute normal temperature status with
ground-based measurement in filed experiment to enhance the
accuracy of in-orbit radiometric calibration.
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