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1. Test Description
The predictive calibration (pCal) algorithm is developed by Harris for G-17 ABI to reduce the radiometric calibration bias of IR bands 8-16 induced by fluctuating focal plane module (FPM) temperatures. The algorithm is test run in the Integration and Test Environment (ITE) from 06/16/2019 to 07/24/2019 to ensure its software implementation is correct and the bias reduction is achieved. Another goal of the test is to optimize the associated operational parameters, in particular the FPM temperature thresholds at which to turn on/off pCal.
The test is coordinated by PRO Product Quality (PQ) team, with CWG and MIT/LL the main teams performing data analysis. The L1b and INST-CAL data output by ITE are supplied through eGRES by PRO-PASS team. The corresponding data from Operational Environment (OE) are downloaded from Product Distribution and Access (PDA), where pCal is not running, and are compared with ITE data. The operational parameters to test are saved as configurable look-up-table (LUT) by PRO with their values adjusted based on the feedback from test results. 
This report summarizes the process and key findings from the test.
[bookmark: _Ref479185095][bookmark: _Toc496097985]2. Test Summary
2.1 Test Process
At the beginning of the test, the ITE data of 06/16 & 06/17 supplied through eGRES only contained four hours of IR data from 19z to 23z each day, instead of the requested 24-hour of continuous data.  The FPM temperature during the time period is at its lower end in a day so pCal would not be turned on anyway. It is then impossible to determine whether pCal algorithm had been implemented, nor perform any in-depth analysis with these data. The issue was reported to PRO and continuous data were supplied since 06/19.
From 06/16 at ~14:30z to late 06/20, there was no live data fed into ITE when WCDAS was in Installation, Testing and CheckOut (ITCO) mode. As a result, it is a standard dataset run using the DRP L0 data. Some efforts were spent on finding the source of the DRP data and it is found they match OE data in late Feb. when FPM temperature was high and gain set III was on. The data processing is deemed less urgent and put on hold.
Table I: FPM Temperature Thresholds during pCal Test (units: K)
	Case #
	Date
	DOY
	LWIR (Rise)
	LWIR (Fall)
	MWIR (Rise)
	MWIR (Fall)

	1
	06/16-06/24
	167-175
	81.1
	81.1
	81.1
	81.1

	2
	06/25*
	176
	110
	110
	110
	110

	3
	06/26
	177
	80.8
	80.8
	80.8
	80.8

	4
	06/27-07/02
	178-183
	80.85
	80.95
	80.7/150**
	80.8/150

	5
	07/03-07/14
	184-195
	80.9
	81.0
	80.75/150
	80.85/150

	6
	07/15
	196
	80.9
	81.0
	80.83/150
	80.93/150

	7
	07/16-07/22
	197-203
	80.91
	81.01
	80.84/150
	80.94/150

	8
	07/23
	204
	80.95
	81.05
	80.86/150
	81.00/150

	8 (CWG)
	07/24-
	205-
	80.94
	81.04
	80.87/150
	80.98/150


*: The threshold LUT at ITE is nominally installed at 13z
**: 150 K threshold is for band 7 only
A variety of FPM temperature thresholds, which are listed in Table I, to turn on/off pCal are tested. The values of cases #1-4 were decided before the test and documented in the test plan drafted by PRO and CWG presentations. The thresholds were later adjusted based on the feedback from the analysis of the test data.
OE INST-CAL-ENG data have been corrupted since ~15z on 06/17. ITE temperature are used throughout the test. With data prior to the date, the ITE temperatures have been verified to match OE perfectly.
[image: ] [image: ]
Figure 1. The MWIR and LWIR FPM temperature trending of 06/27. Discontinuity in temperatures at ~17:30z reflects the FPM temperature coefficient LUT update. 
As a consequence of a parallel study, PRO deployed the updated FPM count-to-temperature conversion coefficient LUTs (Harris memo: ABI-19-533) to ITE on 06/27 at 17:30z. The FPM temperatures were revised up by ~0.07 K, as is shown Fig. 1. The FPM temperatures thresholds determined from the FPM temperature trending before the update was then revised up accordingly to compensate the temperature jump.
The period to calculate FPM temperature slope, a configurable LUT parameter, was updated on 07/11 at ~11z from 30s to 1800s to allow accurate determination of temperature rising/falling side.
On 07/16, PRO discovered the log files generated by ITE GS, that explicitly noted whether pCal is on or off at each ICT look. The log files will be distributed.
Currently, the thresholds case9 is tested in ITE. If validated, the values will be installed to OE as the starting point of operation. 
2.2 Data Processing Methodology
The incoming data are regularly analyzed. CWG mainly processed the data using two sets of tools:
1.  GOES-16/GOES-17 L1b comparison: 
The ITE L1b with pCal algorithm implemented and corresponding OE L1b without pCal algorithm implemented are compared to the collocated GOES-16 ABI L1b. If the algorithm run correctly, the OE/ITE L1b with pCal off should be almost identical, subject to trivial differences between ITE/OE environmental settings. With pCal on, OE results should exhibit large bias in reference to GOES-16 data while ITE results yield much reduced bias. One example of such comparison is shown in Fig. 2.
2. INST-CAL analysis: 
The gain coefficients of ITE and OE are compared. When pCal is off in ITE, the two gains are identical. When pCal is on in ITE, the two gains differ. The ratio of the two thus serves as an indicator of pCal on/off. The actual FPM temperatures at the time when pCal on/off is then determined. The values are compared with the thresholds LUT values to validate if the pCal turning on/off algorithm work precisely. The process is sketched in Fig. 3. The analysis is the major input to optimize the thresholds for next test.
Direct OE/ITE L1b image comparison is also produced by CWG to assist the data evaluation. The FPM temperature daily variation patterns are studied in details. See Fig. 4. Long-term FPM temperatures are evaluated to check whether the proposed thresholds always hold.
 [image: ]
Figure 2. An example of GOES-17/GOES-16 L1b comparison that shows the reduction of calibration bias at fluctuating FPM temperatures. 
 [image: C:\Users\zhipeng.wang\Desktop\lwir.PNG]
Figure 3. A typical plot that determines the pCal on/off time and FPM temperature. In this example, it is turned on/off at exactly the designated FPM temperature threshold. 
PWG have implemented pCal algorithm into their offline L1b code so they can directly compare the ITE L1bs and their offline results to validate the ITE implementation in pixel level.
[image: ]
Figure 4. The 30-min mean FPM temperature difference (reported every 5 min) for 4 consecutive dates. 
3. Test Results and Assessment
Test results are mostly presented at CWG/PWG/CVCT meetings and exchanged off-lines among the teams.
3.1 Validation
According to GEO-GEO comparison results, calibration bias is indeed reduced. 
The pCal is turned on/off at designated FPM temperature thresholds when the thresholds at temperatures rising and falling sides are the same. 
There is no detectable impact of pCal to VNIR bands calibration.
There is no detectable impact of pCal to instrument navigation.
3.2 Anomaly detected
Two major anomalies are detected:
1. MIT/LL results indicate pCal space look count is not extrapolated at sample level as expected. CWG results support this finding. The anomaly is reported as ADR #979. Harris-GS fixed the anomaly in the software patch DO.08.00.02.
2. CWG results show pCal was not turned on at designated FPM temperature threshold when the on/off thresholds differ: the turning-off threshold is used for turning-on as well. The anomaly is reported as ADR #980. Later, it is discovered that the time window to calculate the temperature slope, which is a configurable parameter in LUT, is set at 30s, which is too short to precisely determine the temperature rising/falling side.  The LUT value is then updated to 1800s. After the update, the pCal has been turned on at correct temperature thresholds, confirming the root cause.
There are a few minor anomalies discovered for OE/ITE which are not related to pCal. They were reported and documented separately.
4. Suggested Actions
The goals of the test are fulfilled. The effect of pCal to reduce calibration bias induced by fluctuating FPM temperature is validated. The FPM temperature thresholds to turn on/off pCal were optimized for current temperatures and future ones. 
Some anomalies were discovered, reported and resolved during the test. 
The pCal will be implemented in OE on 07/25 as part of DO.08.00.02 software update. After the implementation, the ITE data will be continuously supplied to assist the assessment of the pCal performance in OE. 
The study of pCal on/off algorithm will continue with the focus to
1: efficiently update the FPM temperature thresholds to reflect yearly temperature oscillation, and
[bookmark: _GoBack]2. swap the FPM temperature based on/off mechanism
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30-min Mean FPM Temperature Difference (Reported Every 5 min)
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