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I. SUMMARY

A review of the data from the ground stepped-blackbody tests, which were conducted at two different stages of the instrument build, has resulted in the recommendation that a new version of the radiometric coefficients be adopted for the AIRS channels.  These coefficients, required to compute the level 1B calibrated radiances, are the effective emissivity of the OBC and the 2nd order non-linearity coefficient.  Two new sets of coefficients have been calculated, for the A and B detector weights or gains, using smoothed values from the post-repair tests with removal of some tests from the analysis.  The coefficients assigned to each channel should be re-calculated for each gain table upload by using the A, B, or combined (A=B) coefficients according the the gain assigned to that channel.

II. BACKGROUND

The stepped-blackbody tests were conducted at BAE SYSTEMS in the AIRS Test and Calibration Facility (ATCF) as part of the general thermal vacuum tests of AIRS.  During these tests AIRS viewed, at the scene center footprints of each scan, the cavity of a Large Area Blackbody (LABB) whose temperature was set at 9 to 12 fixed values.  Other footprints in each scan viewed the internal On Board Calibrator (OBC) and a space view simulated by a cold Space View Blackbody (SVBB).  The LABB temperature was raised in steps and approximately 5 minutes of data gathered at each step.  A DC restore was made just prior to each test.

The first series of tests was conducted in July 1999 after AIRS had completed its vibration tests but before the “repair” which included truncation of the field of view (FOV).  These tests covered a large range of LABB temperature (197 to 357K), two instrument temperatures (149 and 155K) and 6 different combinations of PV gain (weights), bias generator, and digitizer/formatter settings.  A preliminary analysis resulted in a recommendation of a reduced temperature range for the second test series.
  The second series, conducted in October 1999 after the FOV reduction, used this reduced range (205 to 310K) and were conducted only at an instrument temperature of 149K and two settings of the PV Gain (A and B).  The set of radiometric coefficients now being used (V1.1) was derived from an analysis of the data from these latter tests.  Separate coefficients were derived from the A and B gain tests, then assigned to each channel based on its optimum gain determined at the full instrument thermal vacuum test (T/Vac).  The final coefficients were smoothed over neighboring channels using a 5-point median filter. 

Recently concerns have been raised that these coefficients might not be appropriate for channels with in-flight weights differing from those determined at T/Vac.  A preliminary analysis indicated that the difference in brightness temperature between using (unsmoothed) A or B gains and the smoothed ABopt weights could be as large as ±0.2K.
  A comprehensive review was undertaken to determine if there are indeed A/B differences in the coefficients, which would require that they be revised with each gain table upload.

III. APPROACH

A preliminary review of plots of the post-repair coefficients for A and B gains found some significant differences, but also found significantly more scatter in the test with A gains.  Therefore the pre-repair test data were included in a new analysis, since many more tests were made in that series.  Tables 1-3 list the tests numbers for each of the 3 series, and Table 4 summarizes the test with anomalies.

Table 1.  Test number (VAL series) for the pre-repair stepped-LABB tests, with the letters XYZ indicating the A/B settings for the PV Gain (X), PV/PC bias generator (Y), and digitizer/formatter (Z).  The instrument temperature was 155K for these tests.  Test numbers in bold indicate anomalies described in Table 4.

	Temperature (K)
	197
	207
	221
	235
	250
	265
	280
	295
	310
	325
	340
	357

	AAA
	530
	537
	545
	551
	556
	565
	569
	577
	582
	588
	594
	601

	BAA
	531
	536
	544
	550
	557
	564
	568
	576
	583
	589
	595
	600

	AAB
	528
	539
	540
	637
	554
	563
	572
	575
	584
	587
	596
	599

	BAB
	529
	538
	541
	636
	555
	562
	573
	574
	585
	586
	597
	598

	ABA
	533
	534
	547
	548
	559
	560
	571
	578
	581
	590
	593
	602

	BBA
	532
	535
	546
	549
	558
	561
	570
	579
	580
	591
	592
	603


Table 2.  Test number (VAL series) for the pre-repair stepped-LABB tests, with the letters XYZ indicating the A/B settings for the PV Gain (X), PV/PC bias generator (Y), and digitizer/formatter (Z).  The instrument temperature was 149K for these tests.   Test numbers in bold indicate anomalies described in Table 4.

	Temperature (K)
	197
	207
	221
	235
	250
	265
	280
	295
	310
	325
	340
	357

	AAA
	730
	737
	742
	749
	754
	706
	711
	718
	723
	759
	763
	774

	BAA
	731
	736
	746
	748
	696
	705
	712
	717
	724
	758
	764
	773

	AAB
	728
	739
	740
	753
	700
	703
	713
	716
	725
	761
	767
	770

	BAB
	729
	738
	741
	752
	701
	704
	714
	715
	726
	760
	768
	769

	ABA
	733
	735
	745
	750
	699
	707
	710
	719
	722
	756
	766
	771

	BBA
	732
	734
	744
	751
	698
	708
	709
	720
	721
	757
	765
	772


Table 3.  Test number (VAL series) for the post-repair stepped-LABB tests, with the letters XYZ indicating the A/B settings for the PV Gain (X), PV/PC bias generator (Y), and digitizer/formatter (Z).  The instrument temperature was 149K for these tests.   Test numbers in bold indicate anomalies described in Table 4.

	Temperature (K)
	205
	220
	230
	240
	250
	265
	280
	295
	310

	AAA
	1687
	1692
	1693
	1698
	1704
	1710
	1718
	1719
	1727

	BBA
	1688
	1689
	1696
	1697
	1705
	1706
	1715
	1720
	1726


Table 4.  Test numbers (VAL series) with anomalies, including some noted in Ref 2.

	Test(s)
	Description

	569-573
	Engineering and ATCF data missing

	Table 1

AAB, BAB
	Replacement tests 636, 637 taken later, results anomalous;

Fits omiting these also anomalous

	Table 2
	Excessive scatter in the data for temperatures below 265K

	1698
	Omitted from all data reductions

	1710
	Replacement for 1707, 2 data anomalous for M5

	1727
	Data anomalous for M52


There were a few differences in the approach to data reduction, compared to that in Ref. 2.  First, the ATCF data for the LABB temperature were retrieved, when available, rather than using the set points.  For the post-repair series the ATCF collection was not functioning but a hand-written log was available.
  This was probably not a significant change since the measured temperature was, in all cases, within about 0.01 to 0.02K of the set point.  Second, instead of using the mean of data for footprints 43-47 for all modules, a different choice of scene footprints was made for each of the 17 AIRS modules, based on a technique recommended by Al Fanning. 
   This technique uses the fact that the LABB faceplate temperature control feedback loop cycled power to the faceplate heaters approximately every 30 scans.  A standard deviation over about 100 scans (5-6 minutes) of test data was computed for each channel for each footprint.  The cavity-centered footprints were identified as those with relatively low standard deviations between the higher standard deviation footprints (looking at either side of the LABB faceplate).  Table 5 lists the footprints selected in this way for each module.

Table 5.  Footprints (0-89) selected for each module as viewing the center of the LABB cavity.

	Module
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Footprints
	44-46
	43-45
	44-46
	43-45
	43-45
	43-45
	44-46
	44-46
	43-45
	43-45
	44-46
	44-46


Third, instead of using only one spaceview (SV1) for the offset reference, the offset for each scan was calculated as the median of 8 spaceviews (SV1 and SV2 of the previous scan, the current scan, and the next 2 scans) since the scan registration tests had shown that both SV1 and SV2 were usable.
  Finally, the first scan of each test was omitted from the analysis since in some cases the test notes reported that the DC restore was not completed before data gathering began.

The pre-repair tests in Table 1 and 2 cover a much larger range of LABB temperature than the post-repair tests in Table 3.1  To compare coefficients from the different test series the dynamic range should be roughly comparable.  The radiance for a given LABB temperature was reduced post-repair by the FOV truncation, resulting in an attenuation by about a factor of 0.6.  The LABB temperature to give the same radiance pre-repair as that for a given post-repair temperature varies with the wavelength of the channel.  For a maximum post-repair temperature of 310K, the pre-repair temperature to give the same radiance is estimated as about 267K at 15 m and 299K at 3.5 m.  The range of temperatures used from the pre-repair tests was therefore selected as 197 – 295K, to cover a similar range as the post-repair temperatures of 205 – 310K.

Apart from these changes, the data analysis proceded as described in Ref. 2.  The 2nd order nonlinearity coefficient a2 was derived from a quadratic fit to the calculated LABB radiance vs. LABB “signal” (counts – offset) for each channel, and an effective OBC emissivity  was calculated as the ratio of the radiance calculated from the OBC signal using the fitting function to that calculated from the Planck function (with an 0.3K offset).  The value of  was averaged over all of the tests in the series.

IV. TEST ANOMALIES

The quality of the results varied considerably among the test series listed in Tables 1-3.  The anomalies found are listed in Table 4.  The engineering and ATCF data were missing for the pre-repair 149K tests in Table 1 at a LABB set temperature of 280K, but the tests were included in the analysis by using the set temperature for the fits and omitting the emissivity calculation.  Also in Table 1, for the pre-repair 149K tests with AAB and BAB settings, the replacement tests 636 and 637 were taken at a later time and the points were significantly out of line with the other points for that series; even after these tests were removed the resulting coefficients were significantly different from the results of the other 4 test series.  The data for the lower LABB temperatures for the pre-repair tests in Table 2, with the spectrometer at 149K, were so scattered as to give no useful fits and so the pre-repair tests for this spectrometer temperature had to be discarded.

In Table 3, for the tests with AAA settings, 3 tests were noted in Ref. 2 as anomalous, one of which was Test 1707, which Test 1710 was intended to replace.  The M4 saturation noted in Ref. 2 for Test 1698 did not appear in the re-analysis, perhaps because of the change in footprint selection.  However, as illustrated in Figure 1, the radiance data for Tests 1698, 1710, and 1727 did deviate significantly from the expected approximate straight line vs. signal (shown as a green line overlay) for module M5.  For this reason, the coefficients for M5 were determined by omitting all 3 of these tests (the same test selection as was made in Ref. 2).  However the omission of Test 1727 from the data reduction for modules M1-M4 resulted in anomalous values for the coefficients, as will be shown below in the comparison with the pre-repair coefficients.  Therefore this test and Test 1710, for which the data were not out of line with the other tests for all modules but M5, were included in the data reduction for these modules.
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Figure 1.  Plots of the measured (red) and calculated (black) LABB radiance vs. signal for the M5 channel 1190 (LMID) from the complete set of post-repair tests with A gains.  The test numbers are indicated next to the data points.  The data for Tests 1698, 1710, and 1727, deviate significantly from a straight line (green overlay).
V. RESULTS FOR THE PRE-REPAIR TESTS

Analysis of the data for the pre-repair tests resulted in nearly identical coefficients for the A tests with settings AAA and ABA but not AAB (for which Test 637 had to be omitted) and for the B tests with settings BAA and BBA but not BAB (for which Test 636 had to be omitted).  The results for the “good” test series are shown in Figure 2.
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Figure 2.  Plots of the emissivity (upper left) and 2nd order coefficient (other plots, by wavelength range) for the  pre-repair tests with A (red) and B (green) gain settings.
These tests show some significant differences between the A and B gains, particularly in the 11.5 m region (M8) as well as around 9 m (M5),  7 m (M3),  and 4 m (M2a).

VI. RESULTS FOR THE POST-REPAIR TESTS

Figure 3 shows the same coefficients derived from the post-repair tests.  As discussed above, the A gain tests were analyzed by removing either only Test 1698 (labeled “pst_149_AAA_no_1698”) or Tests 1698, 1710, and 1727 (“pst_149_AAA_no_3”); both results are included in the plots.
Figure 3.  Plots of the emissivity (upper left) and 2nd order coefficient (other plots, by wavelength range) for the  post-repair tests with A (red and magenta) and B (green) gain settings.  The results for the tests reduced by omitting Test 1698 (“no_1698”) are shown in red, and by omitting Test 1698, 1710, and 1727 (“no_3”) are shown in magenta.
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It was a comparison of the plots in Figures 2 and 3, and other similar plots, that led to the recommendation in this report that (1) separate values be used for the A and B coefficients, (2) the post-repair data be used to derive the coefficients, and (3) the A coefficients for all modules but M5 be derived by omitting Test 1698 and for M5 by omitting Tests 1698, 1710, and 1727.  The A - B differences are seen most clearly in the 11-12 m region (M8) and near 4 m (M2a) and have similar patterns in both Figures.  Even though there is more scatter in the post- than pre-repair coefficients, the systematic differences between them require the use of the post-repair data.  The post-repair A side a2 coefficients near 9 m (M5) in Figure 3 are clearly anomalous using the “no_1698” tests, as are the a2 and emissivity coeffients near 4 m (M1-2) for the “no_3” tests.  Therefore the recommended coefficients were combined from the two data reductions.

The final coefficients were smoothed using two different techniques: “quadratic fit”, where each coefficient was smoothed by making a quadratic fit vs. channel number within each module, after removing all points for poor detectors, based on the AB state at the time of the data collection (in the file “/netapp1/insttest/special_test/ab_opt/results/pf_ab_opt/1881_42ABstate.txt”) and also removing outliers based on the deviation from the median for each module; or “sliding median”, a slight modification of that used in Ref. 2, where the bad point deselection of the “quadratic fit” method was used, but the median of 5 bad point replacement and sliding median of 5 smoothing was done as in Ref. 2.  The “quadratic fit” method did a better job of removing scattered points but was unsatisfactory in that it distorted the shape of the curves in certain spectral regions.  Therefore the “sliding median” techique was used for the final coefficients.  The results are compared to the unsmoothed coefficients in Figures 4 and 5.

VII. COMPARISON OF RESULTS

As an example, the current PGE emissivity coefficients (from the file “/netapp1/insttest/pf_cal_coefs/v1.2_coefs/obc_emis.txt”) are compared with the recommended A and B emissivity in Figure 6.   The difference in temperature correction between using the recommended coefficients and the PGE values (these emissivity coefficients and the a2 coefficients from the file “/netapp1/insttest/pf_cal_coefs/v1.2_coefs/labb_coefs.txt”) is shown in Figure 7.  The difference in temperature correction between the A and B gain settings, using the new coefficients, is given in Figure 8 for scene temperatures from 200 to 300K.
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Figure 4.  Plots of the emissivity (upper left) and 2nd order coefficient (other plots, by wavelength range) for the  post-repair tests with A gain settings, comparing the unsmoothed (black) and smoothed (red) results.
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Figure 5.  Plots of the emissivity (upper left) and 2nd order coefficient (other plots, by wavelength range) for the  post-repair tests with B gain settings, comparing the unsmoothed (black) and smoothed (red) results.
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Figure 6.  Comparison of the smoothed emissivity with A (red) and B (green) gain settings to the current PGE values (black). 
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Figure 7.  Difference in temperature correction between the smoothed A (upper plot) or B (lower plot) gain settings and the current PGE values, for scene temperatures of 260K (black), 280K (green) and 300K (red). 
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Figure 8.  Difference in temperature correction between the A and B gain settings with the new smoothed coefficients, for scene temperatures of 260K (black), 280K (green) and 300K (red) (upper plot) or for scene temperatures of 200K (black), 220K (green) and 240K (lower plot).

The apparent scene temperature differences T in Figures 7 and 8 are calculated for a given scene temperature Tscene by differentiating the AIRS calibration equation with respect to the emissivity  and the 2nd order coefficient a2, giving (without polarization corrections)

T = [obc (sig_scene / sig_obc) + a2 sig_scene (sig_scene – sig_obc)] / (dNscene/dTscene)

where N obc and Nscene are the calculated OBC and scene radiances, respectively, and the scene and obc signals are estimated using the radiances Nscene and  N obc divided by the gain measured at one of the stepped-LABB tests.

The temperature differences in Figures 7 and 8 are quite small at a scene temperature of 300K but can be as large as ±0.4K at 260K and below for channels near 9 m.  The differences between A and B gains in this region thus can be as large as 0.8K for a 200-260K scene.  Since the reason is not understood for the anomalous test results for this module (M5) these difference can perhaps be regarded as a contribution to the uncertainty in the measured atmospheric radiance; uncertainty in the radiometric coefficients was not included in the analysis of  L1B radiometric error by T. Hearty.

VIII. CONCLUSION

There are significant differences, in terms of the resulting brightness temperature, between A and B gain in the emissivity and 2nd order radiometric coefficients in certain wavelength regions.  The use of separate, smoothed values, according to the gain setting of each channel, is recommended.  The average of the A and B values should be used for channels with the A=B gain setting.

The results for the effective OBC emissivity are anomalous in that the values are in many cases greater than unity.  A small adjustment in the OBC temperature offset (now 0.3K) could be used to make all of the emissivity values less than zero.  Figure 9 shows the ratio of OBC radiances calculated for different amounts of temperature difference.  Increasing the offset value by about 0.03 – 0.04K would bring all of the emissivity values in Figures 4- 6 to unity or below.  This is not recommended, however, since it would require another change to the PGE, one that is not really needed.
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Figure 9.  Ratio of calculated OBC radiances for 3 different temperature offsets: 0.03K (blue), 0.10K (green) and 0.10K (magenta).

APPENDIX.  COMPUTATION DETAILS

The scripts used to reduce the stepped-blackbody tests are in the AIRS Calibration Team utility area in the directory /netapp1/act/src/matlab/util/linearity/ with subdirectories for each script, following the convention that each has a “current” directory link so as to be accessible in the Matlab path for all users.  The scripts and functionality are:

linearity_in.m


Initial script; defines the tests to be used and calls the next script

linearity_exec.m

Extracts the radiometric coefficients and emissivity coefficients; calls

read_ATCF_labb_data.m
Reads the ATCF data for the LABB temperature

read_rad_data.m

Reads the test data from .mat files, computes signals

filt_coefs.m


Tom Pagano’s sliding-median-of-5 smoothing routine

calc_coefs.m


Calculates the merged A coefficients and the smoothed A and B values

delta_T.m


Calcuates the difference in temperature correction

compare_dT.m

Calcuates differences in temperature correction for A – PGE, B - PGE

The data are currently in the directory /netapp1/act/usr/mweiler/linearity/ with subdirectories for the DAS queries (“queries”), ATCF queries and data (“ATCF”), the test data .mat files (“rad_dat”) and the calculated and plotted coefficients (“rad_coefs”).  The smoothed A and B coefficients are in the latter subdirectory in the file “pst_149_smoothed_2.mat”.
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� M. Weiler, “Analysis of Scan Angle Registration Tests,” AIRS Design File DFN200009.


� T. Heary, “An Error Budget of AIRS Level 1B Radiances,” ADF#654.
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