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ABSTRACT 
 
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER), one of five sensors on Terra, has five 
bands (10 to 14) in the thermal infrared (TIR) region. These TIR bands are radiometrically calibrated by one onboard 
blackbody with the function of changing temperature between 270 and 340 K. In normal operation the blackbody is set 
up at 270 K, and a constant coefficient in a quadratic radiometric calibration equation for each detector is adjusted at that 
temperature before each Earth observation, but the gain coefficient cannot be adjusted at this time, while it can 
periodically be updated by long term calibration in which the blackbody is measured at 270, 300, 320, and 340 K. On the 
other hand the sensor response of all bands (particularly band 12) has been degrading since the launch, and periodical 
updating of the gain coefficient does not fully follow the degradation, so that the calibration error on level-1 (L1) 
products is often unacceptable. We therefore have developed a recalibration method which is easily applied to L1 
products by a general user. By using this method, the calibration error will mostly be reduced below the level of NEDT. 
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1. INTRODUCTION 
 
The Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER)1 is a high-spatial-resolution 
multispectral imager on the Terra—the first platform of NASA's Earth Observing System (EOS)—launched in 
December 1999. The ASTER instrument consists of three subsystems divided by the spectral range: the visible and near 
infrared (VNIR), the short-wave infrared (SWIR), and the thermal infrared (TIR). The TIR subsystem has bands 10 to 14 
located at 8.30, 8.65, 9.10, 10.6, and 11.3 µm, respectively, with the spatial resolution of 90 m, and allows us to measure 
both temperature and spectral emissivity of the land surfaces. The land surface temperature is one of key parameters in 
the physics of land-surface processes, and used in many environmental studies2-3. The land surface spectral emissivity 
gives useful information particularly to geological studies4-6, because the spectral emissivity shape in the TIR region 
changes with the content of silica included in many rocks and soils7-9. 

Since the launch, ASTER/TIR has been working as scheduled, and giving us numerous useful scenes. On the other hand, 
sensor response to input radiance has continued decreasing since the launch due to degradation10: sensor response of 
band 12 has already been reduced down to 80 % as mentioned later. The first purpose of the present study is to show the 
degradation status of ASTER/TIR based on onboard calibration data. 

Even if a sensor is degrading, it will be able to give accurate at-sensor radiance if radiometric calibration is accurate. In 
the case of ASTER/TIR, radiometric calibration for at-sensor radiance is not always optimum as mentioned later though 
the onboard calibrator has been normally working, because updating of radiometric calibration coefficients (RCCs) is not 
frequent enough in comparison with the degradation rate. In addition, once sensor signals are converted to level-1B 
(L1B) products (registered at-sensor radiance), recalibration by revising RCCs on a detector-by-detector basis is difficult 
due to scrambling of detector-by-detector observed lines in geometric resampling. Thus, the second purpose of the 
present study is to propose a recalibration method applicable to L1B products. This method is easy to use for general 
users, but radiometric calibration error on L1B products will be remarkably reduced. 
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2. ASTER/TIR ONBOARD CALIBRATION 
 

ASTER/TIR obtains images by mechanical scanning with 10 HgCdTe PC type detectors aligned along the track for each 
spectral band (50 detectors in total)11. Figure 1 shows the layout of the detectors. As shown in the figure, each detector 
observes at every 10 lines. Each detector is cooled to 80 K using a mechanical split Stirling cycle cooler. 

While each of ASTER/VNIR and SWIR has the function of changing gain, ASTER/TIR does not have and is always 
operated with normal gain. In ASTER/TIR, uncalibrated digital number (N) is converted to calibrated radiance (R) by a 
quadratic formula for each detector of each band: 

2
210 NCNCCR ++=       (1) 

where C0, C1, and C2 are RCCs. Each of 50 detectors has a different set of RCCs, and these coefficients will change with 
condition changes in optics, electronics, and calibration units. Therefore, ASTER/TIR has one honeycombed blackbody 
with emissivity grater than 0.99 for giving accurate RCCs in the orbit12. Figure 2 shows the optics of ASTER/TIR. The 
sensor can observe the blackbody by rotating the scanning mirror shown in the figure.  

Because ASTER/TIR does not have two blackbodies and also cannot observe deep space, it cannot make calibration at 
two temperature points for each Earth observation. Thus, in normal operation, the blackbody is kept at 270 K and 
measured before each Earth observation for adjusting C0 (offset correction). This is called as short term calibration 
(STC). On the other hand, C1 and C2 also will possibly change with condition changes. As for C1, it is periodically 
updated by measuring the blackbody at four temperature points of 270, 300, 320, and 340 K. This is called as long term 
calibration (LTC). In LTC, VNIR and SWIR as well as TIR make calibration using halogen lamps. LTC was executed 
every 17 days in the early mission period, but the interval has been changed to every 33 days since April 2001 for the 
reason of keeping the frequency of SWIR pointing below a criterion. As for C2, it is fixed to a preflight-test value for 
each detector, because it cannot be so accurately determined from only onboard calibration data. Thus, in each LTC, C0 
and C1 are calculated under fixed C2 by the least square method using blackbody observation data at the four temperature 
points, and C1 is periodically updated based on LTC results, while C0 is updated at each Earth observation by STC. 

 

3. ONBOARD CALIBRATION TREND 
 

Figure 3 shows the ratio of C1 for each detector of each band as a function of the day number (the days since the launch 
on 18 December 1999), and Table 1 shows actual dates for several day numbers. The ratio of C1 is defined as 

Figure 1: Layout of detectors. 
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Figure 2: Optics of ASTER/TIR. 
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Figure 3: Ratio of the gain coefficient 
C1 for each detector of each band as a 
function of the day number (the days 
since the launch on 18 December 1999). 
Reference date for the ratio is 12 March 
2000 (the 85th day). 
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where C1
(ref) is C1 for 12 March 2000 (the 85th day) used as reference, and C1

(target) is C1 for a target date. These plots 
indicate the following facts: 

(1) The C1 ratio is decreasing with time for all TIR bands. That is, the sensor response is decreasing with time10. 

(2) The C1 ratio for band 12 is decreasing most rapidly, and the sensor response of that band has already been reduced 
down to 80 % from the reference date. Inversely, the C1 ratio for band 10 is decreasing most slowly. 
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Table 1: Day number and date. 

Day number Date Day number Date 
0 1999/12/18 800 2002/2/25 
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Figure 5: Calibration error (in Kelvin) on L1B 
products for band 12 at 320 K. 

Figure 4: Gain coefficient C1 of band 12 acquired 
from LTC (shown by dots), and that registered in 
the RCC database used for L1 processing (shown 
by solid lines). 

(3) For all bands, odd and even detectors have different behavior in the plots. The sensor response of even detectors is 
decreasing more rapidly than that of odd detectors. 

The cause of (1) is explainable by degradation in optics or electronics. Degradation itself is a common phenomenon in 
satellite sensors. On the other hand, the causes of (2) and (3) are not fully explainable by degradation in only optics. 
Therefore, at present we suspect that those have been caused from degradation in electronics, but we need more 
investigation to clarify these phenomena. 

 

4. USER-BASED RECALIBRATION 
 

4.1 Gain coefficient updating and calibration error 

While the offset coefficient C0 obtained from STC is applied to every level-1 (L1) processing, the gain coefficient C1 
obtained from LTC is not always applied, because L1 processing uses not C1 obtained from every LTC but C1 registered 
to RCC database. The RCC database is updated when calibration errors for 300, 320, and 340 K as of LTC exceed the 
criteria of 0.5, 0.5, and 1.0 K for 300, 320, and 340 K, respectively, under considering adjustment at 270 K by STC. 
However this does not mean that the predicted calibration error on L1 products is kept below the criteria, because it takes 
at least about one month to register C1 to the RCC database after LTC due to circumstances of international project, and 
this delay makes the calibration error on L1 products worse than the evaluation as of LTC. 

Figure 4 shows the gain coefficient C1 of band 12 obtained from every LTC and that used for L1 processing. For the 
former, ten points at each day are corresponding to ten detectors for the band. For the latter, two horizontal lines are 
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corresponding to the maximum and the minimum of C1 registered in the RCC database. As shown in the figure, the 
coefficient is not always optimum at each day, and also the delay in updating the RCC database causes that the updated 
coefficients have already been old when they begin to be applied to L1 processing.  

Figure 5 shows calibration errors on L1 products for band 12 at 320 K as an example. The figure shows that the 
calibration error is often unacceptable: for example, the error is about -3 K around the 1000th day, while in recent days 
the calibration error is roughly satisfied with the specified accuracy of less than 1 K for 270-340 K because updating of 
the RCC database has been improved more frequently. 

4.2 Recalibration method for L1B products 

As mentioned above, L1 products are not always satisfied with the specified accuracy. In addition, the band dependence 
of the calibration error will often cause a critical error on higher level processing based on a band-to-band comparison, 
such as temperature and emissivity separation13. Of course, if all products are reprocessed using each optimum RCCs in 
the future, we have only to wait for final reprocessed products. But at present the project has no plan to reprocess all L1 
products, and many products have already been delivered to the user community. 

In the case of level-1A (L1A) products (unregistered and uncalibrated radiance), geometric resampling which causes 
scrambling of detector-by-detector observed lines has not yet been made. In addition, all RCCs applied to next L1B 
processing are included in L1A HDF metadata, and we can easily replace RCCs on a detector-by-detector basis. 
Therefore, we will be able to recalibrate accurately and easily for L1A products. On the other hand, in the case of L1B 
products, we cannot recalibrate on a detector-by-detector basis due to geometric resampling. Moreover we cannot get 
RCCs from products because they are not included in L1B HDF metadata, and this fact indicates that even if we know 
the gain coefficient C1 from the RCC version included in metadata we cannot know the offset coefficient C0 which is 
different for each scene. Thus, ideal recalibration should be made to L1A products, but most of L1 products delivered to 
the user community are not L1A but L1B products. Therefore, we propose a recalibration method applicable to L1B 
products as mentioned below.. 

Due to the circumstances of L1B products mentioned above, the method should not have a detector-by-detector basis 
approach, and also should not need RCCs including C0. So, first, the followings are assumed. 

(1) The onboard calibrator is reliable. 

(2) Calibration error at 270 K is negligible due to adjustment by STC. 

(3) The effect of the nonlinearity coefficient C2 is small. 

Under these assumptions, we can derive the following formula for recalibrating L1B radiance for each band. 

( ) K
LTC

scene
Korgrecal R

DF
DF

RRR 270270 )(
)(
+−=     (3) 

where Rrecal is the recalibrated radiance, Rorg is the original radiance of L1B, R270K is the radiance at 270 K, Dscene is the 
day number when the scene was observed, DLTC is the day number of LTC giving RCCs applied to the scene, and F is a 
trend function of C1 for each band, and the unit of radiance is in W/m2/sr/µm. 

Rorg is calculated from L1B DN by the following formula. 

( )1−×= NUCCRorg       (4) 

where UCC is the unit conversion coefficient shown in Table 2. This parameter is constant for each band, and written in 
L1B HDF metadata. R270K also is constant for each band as shown in Table 3. DLTC is given in Table 4 as a function of 
the RCC version written in HDF metadata. 

The function F(D) was as a cubic equation by regression analysis. That is, 
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Table 2: Unit conversion coefficient (UCC). Table 4: LTC date and its day number for each 
RCC version. 

Band UCC 
RCC version LTC date Day number 10 0.006882  

2.01, 2.02 2000/3/12 85 11 0.006780  
12 0.006590  2.03, 2.04 2000/9/13 270 
13 0.005693  2.05 2001/1/27 406 
14 0.005225 2.06 2001/8/16 607 

 2.09 2002/5/7 871 
Table 3: Radiance at 270 K. 

2.10 2002/8/13 969 
2.11 2002/11/20 1068 Band R270K

2.12 2002/12/23 1101 10 4.915 
2.13 2003/4/17 1216 11 5.191 

Note: Versions 2.07 and 2.08 are not used for normal 
level 1 processing. 

12 5.469 
13 5.876 
14 5.841 

Table5: Coefficients of the function F for three periods. The coefficients for the third period were derived by 
extrapolation, and will be updated in the future. 

Start day End day Coefficient Band 10 Band 11 Band 12 Band 13 Band 14 
a0 7.6940E-03 7.3299E-03 7.1010E-03 6.3132E-03 5.8652E-03
a1 4.3350E-07 3.7962E-07 4.0530E-07 -1.0811E-06 -1.3399E-0685 650 a2 -1.2387E-10 1.3728E-09 3.1407E-09 4.3583E-09 5.0933E-09
a3 3.6673E-13 -9.1356E-13 -2.4717E-12 -3.1286E-12 -3.6291E-12
a0 6.0424E-03 5.2127E-03 4.4169E-03 4.2338E-03 3.5926E-03
a1 5.7039E-06 7.5693E-06 9.8127E-06 6.7513E-06 7.2686E-06650 1300 a2 -5.2967E-09 -6.7810E-09 -8.4413E-09 -6.1424E-09 -6.5348E-09
a3 1.7348E-12 2.2195E-12 2.7731E-12 2.0135E-12 2.1351E-12
a0 7.6679E-03 7.2505E-03 6.9701E-03 6.1247E-03 5.6444E-03
a1 5.7009E-07 1.0765E-06 1.6884E-06 7.1791E-07 7.5124E-071300 ― a2 -6.0573E-11 -1.1530E-10 -1.0797E-10 -2.4168E-12 4.4184E-11
a3 0 0 0 0 0 

 

3
3

2
210)( DaDaDaaDF +++=      (5) 

where a0, a1, a2, a3 are regression coefficients, and D is the day number. For better accuracy, we determined these 
coefficients using all LTC data (50 sets acquired in 85-1292 day) for each of three periods: the 85-650 day, the 650-1300 
day, and the 1300 and later day. Table 5 shows all coefficients determined for each period, and Figure 6 shows plots of 
C1 and the function F for each band. The third period is the future at present, so the equations were determined by 
extrapolation as a quadratic form for reducing an extrapolation error. In the future, the coefficients for that period will be 
updated. 
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function F (shown as a curve) for five bands. 

4.3 Validation 

The main error factors for the proposed method are as follows: 

(1) Detector-to-detector deviation 

(2) Form of the function 

(3) Nonlinearity of the radiometric calibration formula 

To evaluate the accuracy of the proposed method, we calculated calibration errors for original and recalibrated radiances 
using all LTC data. Figure 7, 8, and 9 show the results for 300, 320, and 340 K, respectively. As shown in the figures, 
the original radiance often has a critical calibration error which is larger for higher temperature and for more degrading 
band. In the most critical case (band 12 at 340 K around the 1000th day), the error has reached to -3.5 K. Incidentally, 
the error on the original radiance in recent days is usually kept below a lower level because updating of RCCs has come 
to be executed more frequently, as mentioned before. On the other hand, the figures show that the proposed method 
works well, and the recalibrated radiance in most cases is comparable to the level of NEDT (noise equivalent delta 
temperature, 0.3 K for ASTER/TIR). The worst is the case of band 14 at 340 K, but its error is 0.5 K at most. 

 

5. CONCLUTIONS 
 

ASTER/TIR has been degrading since the launch. The first feature of its rate is to be different among bands: band 12 is 
degrading most rapidly and the sensor response has already reduced down to 80 % since the launch, while band 10 is 
degrading most slowly. The second feature is to be different between odd and even detectors for each band: the 
degradation of even detectors is more rapidly than that of odd detectors. The causes for these have not been clarified yet 
and we need more investigation, while at present we suspect that the causes are condition changes in electronics. 

On the other hand, updating of RCCs applied to L1 processing is not fully following the degradation, and the calibration 
error is often unacceptable. In recent days the calibration accuracy has come to be roughly kept within the specification 
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by more frequent updating, but many L1B products have been already delivered to the user community. We therefore 
have developed a recalibration method which can easily recalibrate L1B products. The proposed method is affected by 
such error factors as detector-to-detector deviation, straying from the trend function, and nonlinearity, but can 
remarkably reduce the calibration error on original radiance, and the predicted error is roughly kept below the level of 
NEDT. Though we showed the coefficients of the function F for three periods in this paper, the coefficients for the third 
period were derived by extrapolation. We will update and present them with the latest DLTC on some Web sites of the 
ASTER project. 
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Figure 7: Comparison of calibration errors 
(in Kelvin) at 300 K between original 
radiance and recalibrated radiance. 
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Figure 8: Comparison of calibration errors 
(in Kelvin) at 320 K between original 
radiance and recalibrated radiance. 
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Figure 9: Comparison of calibration errors 
(in Kevin) at 340 K between original 
radiance and recalibrated radiance. 
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