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 Two data streams are needed to support JPSS multi-mission (S-

NPP and JPSS-1) system test requirements.
– S-NPP: Operational data stream “live data” during the test event timeframe

– JPSS-1: S-NPP operational data-based “canned; not live” as proxy test data

– CCSDS packets are routed through the two JPSS ground stations (GSs) 

 S-NPP downloaded to the Svalbard, Norway “North Pole” GS. 

 JPSS-1 downloaded to both the Svalbard and McMurdo, Antarctica “South Pole” 

GSs. 

 Challenges
– Synchronization of the JPSS-1 proxy “time-shifted” data stream with the S-NPP

operational “live” data stream at the test event.  

– Generate JPSS-1 proxy “time-shifted” data that produces Sensor Data Records 

(SDRs) and Environmental Data Records (EDRs) with “minimal to no fill” 

JPSS-1 Proxy Test Data Requirements 

and Challenges
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For a test event, generated JPSS-1 proxy test data needs to be synchronized w/ the S-
NPP live data stream and capable of producing “minimal to no fill” SDRs and EDRs.



 Generate JPSS-1 S/C A&E proxy data to:
– Meet sensor payload (ATMS, CrIS, OMPS and VIIRS) geolocation needs.

 Ensure the completion of the more-complicated sensor chain product generation 

with proper functional quality “minimal to no fill” products. 

– Synchronize the JPSS-1 proxy test data with the S-NPP live stream data set for the 

particular test event.

 Leverage the technique for the upcoming JPSS missions and 

satellite test data needs (e.g., JPSS-2). 

 Previous Technique:
– Utilized 17-days (242 orbits) of S-NPP-based operational data (Apr 2014) 

containing both S/C A&E and sensor packets

 Renamed S-NPP packets to JPSS-1, as the basis for JPSS-1 proxy test data.

 Result: Quality of generated products is highly dependent on date of test 

execution (e.g., alignment of ground tracks, season conditions, etc.)

JPSS-1 Spacecraft (S/C) Attitude and Ephemeris 

(A&E) Proxy Test Data Generation (1/2)
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Pervious technique resulted in mostly fill products being generated due to bad-
quality of generated geolocation products.



 New Technique:
– For the same 17-days (242 orbits) of S-NPP-based operational data (Apr 2014), 

CCSDS sensor packets:

 Utilizes S-NPP operational TLE set as an input to AGI STK© propagator (e.g., 

SGP4) to A&E data for JPSS-1 S/C corresponding to the target test date.

 Swaps out the existing JPSS-1 proxy A&E CCSDS packets in the 17-day dataset, 

with the AGI STK© created A&E (i.e., replaces the S-NPP based A&E packets).

 Uses these generated “JPSS-1” S/C A&E packets along with the S-NPP-based 

sensor CAL/SCI/ENG proxy packets to drive the generation of various JPSS-1 

sensor products, e.g., SDRs (calibrated science data; Level-1B) and EDRs

(Clouds, Aerosols, Land, Ocean, Cryosphere, etc. products; Level-1C). 

– Result: Generation of good-quality geolocation products for the sensor suite.

– The geolocation products are the main factor driving the completion of the sensor 

chain resulting in proper functional quality “no fill” products. 

– Percent of sensor mostly-fill products is reduced from ~70% to ~1%.

JPSS-1 Spacecraft (S/C) Attitude and Ephemeris 

(A&E) Proxy Test Data Generation (2/2)
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New technique resulted in ≤ 1% fill products being generated due to good-quality 
of generated geolocation products.



1. Use an S-NPP TLE set that is closest to the desired JPSS-1 proxy test data 

creation date. 

2. Load S-NPP TLE into STK© scenario. 

3. Generate daily reports (00:00z to 23:59:59) from STK© that contain 1-sec 

output frequency of following information:

– Time (UTC)

– Position (m)

– Velocity (m/s)

– Quaternions

4. Use S-NPP 16-day repeating orbit track to line up test data date to orbit 

track of test event timeframe.

5. Replace existing test data A&E data with newly generated STK© A&E

output.
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New Technique Details



Simulation Results after 10 days

Errors Abs Diff SGP4 vs Day 10 TLE

Position (m) [666, 30146, 13228] 0.3%

Velocity 

(m/s)
[12, 17, 19] 0.2%

Quaternion
[0.0017, 0.0005, 0.0006, 

0.0016]
0.2%

Simulated A&E Stability

 Technique is highly stable

– Simulated A&E is < 0.3% off 

after 10 days

Approved for Public Release

This document does not contain technology or technical data controlled under either the U.S. International Traffic in Arms Regulations or the U.S. Export Administration Regulations.

7
2018 AMS Annual Meeting, Jan 7-11, Austin, TX, USA



 Basic scenario with a single S/C

– S/C uses SGP4 propagation for orbit determination 

 Uses TLE as initial starting point 

– Attitude is fixed to be nadir-pointing and velocity constrained to in-track

 Ensures sensors always record on-earth data

– Add VIIRS basic sensor footprint to allow for visualization of S/C pointing 

STK© Scenario
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Propagation Error (1/2)

Approved for Public Release

This document does not contain technology or technical data controlled under either the U.S. International Traffic in Arms Regulations or the U.S. Export Administration Regulations.

9
2018 AMS Annual Meeting, Jan 7-11, Austin, TX, USA

 Movie on following slide shows 3 days of propagation

 Blue S/C is current propagation method (i.e., SGP4) with 10-day 

old TLE

 Green S/C is current propagation method (i.e., SGP4) with 0-day 

old TLE

 Red S/C is old J4 propagation method (i.e., first propagation 

method attempted) with 10-day old TLE



Propagation Error (2/2)

Old Method Current STK© 

Scenario

J4 

Propagator

SGP4 

Propagator

No velocity 

constraints

In-track velocity

constraint 

Forced nadir-

pointing

Forced Nadir-

pointing
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 New technique developed to provide simulated JPSS-1 S/C A&E data 

with higher fidelity

– Leverages existing 17-day S-NPP-based proxy dataset

– Replaces existing proxy dataset A&E data with STK© generated values

– Aligns test data with current test timeframe using the 16-day repeat track

– Provides high fidelity simulated A&E results for at least 10 days 

 Enables completion of the sensor chain product generation with higher 

functional-quality “fill ≤ ~1%” products.

Summary
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New developed technique provides high fidelity simulated S/C A&E data and can be 
leveraged for upcoming JPSS missions (e.g., JPSS-2).



Backup
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 Custom STK© report shows 
– Time (UTC), Position (m), Velocity (m/s), Quaternions

– Generated with a 1-sec frequency for a 24-hour period

STK© Report
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 Purpose is to align 1st ascending node in the April 2014 Dataset 

with similar ascending node for test data
– Align the Longitude

– Results in ~36 sec of offsets over the 16-day repeating period 

– April 2014 S-NPP orbital period vs test timeframe orbital period

 101.500 minutes in 2014 vs 101.498 minutes today 

– S-NPP repeating track currently is 16.0000098 days

16-day Repeat Track

Epoch Rev Long.

2014/04/04 00:46:57.80912608190.584

Epoch (1st Node after TLE 

Epoch) Rev Long.

2017/05/14 00:42:05.237 28725 190.728

From Initial IDPS Test Data (April 2014) For Initial checkout of this method May 2017

For 1st 8 day run August 2017

Epoch

2017/08/18 00:42:10.316

For 2nd 8 day run August 2017

*1st analysis

Epoch

2017/08/02 00:42:09.469
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Time-shifting & Replacing APID 11

* Tool Upgraded by CGS Scott Leszczynski

STK Attitude and 

Ephemeris

Time Delta i.e. 

2014 04 04 00:46:57.809

to

2017 08 18 00:42:10.316

Tardis AE*

“J01” spacecraft CADU data 

used to stream End-to-End 

through Ground System   

Tardis AE

• Time-shift of  April 2014 data 

packets based on the time delta

• Swaps out APID 11 data with 

STK© A&E (nearest 1 sec)
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Iterations to produce STK© scenario

Old STK scenario Current STK Scenario

J4 Propagator SGP4 Propagator

No velocity constraints In-track velocity constraint 

Forced nadir-pointing Forced nadir-pointing
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3-Days Out: Old STK© vs Current 
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5-Days Out: Old STK© vs Current 



New Method 10-day Propagation vs TLE 

(truth)
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