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1.0 INTRODUCTION
1.1 Objective

The purpose of the Operational Algorithm Description (OAD) document is to express, in
computer-science terms, the remote sensing algorithms that produce the National Polar-Orbiting
Operational Environmental Satellite System (NPOESS) end-user data products. These products
are individually known as Raw Data Records (RDRs), Temperature Data Records (TDRs), Sensor
Data Records (SDRs) and Environmental Data Records (EDRs). In addition, any Intermediate
Products (IPs) produced in the process are also described in the OAD.

The science basis of an algorithm is described in a corresponding Algorithm Theoretical Basis
Document (ATBD). The OAD provides a software description of that science as implemented in
the operational ground system -- the Data Processing Element (DPE).

The purpose of an OAD is two-fold:

1. Provide initial implementation design guidance to the operational software developer.
2. Capture the “as-built” operational implementation of the algorithm reflecting any changes
needed to meet operational performance/design requirements.

An individual OAD document describes one or more algorithms used in the production of one or
more data products. There is a general, but not strict, one-to-one correspondence between OAD
and ATBD documents.

1.2 Scope

The scope of this document is limited to the description of the core operational algorithm(s)
required to create the GEO, CAL, Solar Diffuser, and Bright Pixel products for the VIIRS SDR. It
provides a general overview and is intended to supplement in-line software documentation and
interface control documentation for maintenance of the operational software. The theoretical
basis for these algorithms is described Section 3.3 of the ATBD documents, VIIRS Geolocation
Algorithm Theoretical Basis Document (ATBD), 474-00053 and VIIRS Radiometric Calibration
Algorithm Theoretical Basis Document ATBD, 474-00027.

1.3 References

1.3.3 Document References

The science and system engineering documents relevant to the algorithms described in this OAD
are listed in Table 1.

Table 1 Document References

Document Title Document Number/Revision Revision Date
VIIRS Geolocation Unit Software Architecture Y2479a Ver. 5 Rev. 5 31 Aug 2004
VIIRS Geolocation Unit Detailed Interface Control Document Y3243 Ver. 5 Rev. 3 31 Aug 2004
VIIRS Geolocation Unit Detailed Data Dictionary Y3248 Ver. 5 Rev. 3 31 Aug 2004
VIIRS Geolocation Unit Detailed Design Y3245 Ver. 5 Rev. 4 31 Aug 2004
VIIRS Geolocation Algorithm Theoretical Basis Document 474-00053 22 Apr 2011
(ATBD)
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Document Title Document Number/Revision ‘ Revision Date

JPSS Environmental Data Record (EDR) Production Report for 474-00012 Rev. A 09 Feb 2011
NPP

JPSS Environmental Data Record (EDR) Interdependency 474-0007 Rev. A 09 Feb 2011
Report (IR) for NPP

JPSS Internal Data Format Control Book 474-00020-03, Rev - 18 Feb 2011
Volume Il — Retained Intermediate Product Formats (IDFCB)

NPP Mission Data Format Control Book and App A (MDFCB) 472-REF-00057, Rev B 06 Jan 2011
JPSS .Common Data Format Control Book - External - Volume | - 474-00001-01, Rev- 10-Dec-10
Overview

JPSS Common Data Format Control Book - External - Volume Il - 474-00001-02, Rev- 10-Dec-10
RDR Formats

JPSS Common Data Format Control Book - External - Volume llI

- SDR/TDR Formats 474-00001-03, Rev- 16-Feb-11
JPSS Common Data Format Control Book - External - Volume IV

- Part | - IPs, ARPs, and Geolocation Data 474-00001-04-01, Rev- 10-Dec-10
JPSS CDFCB - External - Volume IV - Part Il - Imagery,

Atmospheric, and Cloud EDRs 474-00001-04-02, Rev- 10-Dec-10
JPSS Common Data Format Control Book - External - Volume IV

- Part Ill - Land and Ocean/Water EDRs 474-00001-04-03, Rev- 10-Dec-10
JPSS Common Data Format Control Book - External - Volume IV

- Part IV - Earth Radiation Budget and Space EDRs 474-00001-04-04, Rev- 18-Feb-11
JPSS Common Data Format Control Book - External - Volume V 474-00001-05, Rev- 16-Feb-11
- Metadata

JPSS CDFCB - External - Volume VI - Ancillary Data, Auxiliary 474-00001-06, Rev- 10-Dec-10
Data, Messages, and Reports

JPSS Common Data Format Control Book - External - Volume

VIl - Part | - JPSS Downlink Data Formats 474-00001-07-01, Rev- 16-Feb-11
JPSS CDFCB - External - Volume VII - Part 2 - JPSS Downlink 474-00001-07-02, Rev- 16-Feb-11
Data Formats - CrIS

JPSS CDFCB - External - Volume VII - Part 3 - JPSS Downlink 474-00001-07-03, Rev- 16-Feb-11
Data Formats - OMPS

JPSS CDFCB - External - Volume VII - Part 4 - JPSS Downlink 474-00001-07-04, Rev- 16-Feb-11
Data Formats - ATMS

JPSS CDFCB - External - Volume VII - Part 5 - JPSS Downlink 474-00001-07-05, Rev- 16-Feb-11
Data Formats - VIIRS

JPSS Common Data Format Control Book - External - Volume

VIII - Look Up Table Formats 474-00001-08, Rev- 10-Dec-10
NPP Command and Telemetry (C&T) Handbook D568423 Rev. C 30 Sep 2008
JPSS CGS Data Processor Inter-subsystem Interface Control IC60917-IDP-002, Rev C 29-Sep-11
Document (DPIS ICD) Vol | - IV

Operational Algorithm Description Document for Common 474-00091, Rev A 27 Jan 2012
Geolocation

VIIRS Radiometric Calibration Component Software Architecture Y2479b Ver. 5 Rev. 5 30 Sep 2004
VIIRS Radiometric Calibration Component Interface Control Y3242 Ver. 5 Rev. 2 11 Aug 2004
Document

VIIRS Radiometric Calibration Component Data Dictionary Y3273 Ver. 5 Rev. 3 11 Aug 2004
VIIRS Radiometric Calibration Unit Level Detailed Design Y2490 Ver. 5 Rev. 4 30 Sep 2004
VIIRS Radiometric Calibration Algorithm Theoretical Basis 474-00027 22 Apr 2011
Document ATBD

VIIRS Radiometric Calibration Equations D36966 Rev. 1 2 Aug 2004
JPSS CGS Acronyms and Glossary LI60917-GND-005, Rev - 17-Oct-11
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Document Title Document Number/Revision ‘ Revision Date

VIIRS Geo Quality Flags Logic Updates

NGST/SE technical memo — NP-EMD.2005.510.0122 Rev. --- 12 Oct 2005
VIIRS_CAL_SD_Detailed_Code_Changes_Oct_2005

NGST/SE technical memo — NP-EMD-2007.510.0014 Rev. --- 14 Feb 2007
VIIRS_SDR_Cal_Modif_Implement_OAD

NGST/SE technical memo — NP-EMD-2007.510.0009 Rev. --- 14 Feb 2007
VIIRS_SDR_Even_odd_subframe_design

NGST/SE technical memo — VIIRS_SDR_Robust_Alg_design NP-EMD-2007.510.0010 Rev. --- 14 Feb 2007
NGST/SE technical memo — NP-EMD-2007.510.0012 Rev. --- 14 Feb 2007
NPP_VIIRS_CAL_EV_Detailed_Code_Changes_Feb_2007

NGST/SE technical memo — NP-EMD-2007.510.0029 Rev. --- 23 Apr 2007
NPP_VIIRS_SDR_DNB_FirstFrameAnomaly

NGST/SE technical memo — viirsLUTconfigMethod NP-EMD.2005.510.0134 Rev. --- 12 Oct 2005
NGST/SE technical memo — RevA_viirsCAL_sdlO_description NP-EMD.2005.510.0119 Rev. A 11 June 2007
NGST/SE technical memo — EM061405_viirsCAL_moon_in_SV | NP-EMD.2005.510.0065 Rev. --- 14 Dec 2005
NGST/SE technical memo — NP-EMD.2005.510.0067 Rev. --- [ 24 May 2005
EMO052405_viirsRDR_HDF_description

NGST/SE technical memo — NP-EMD.2005.510.0069 Rev. --- 6 Oct 2005
EM061005_viirsCAL_evlO_description

NGST/SE technical memo — NP-EMD.2005.510.0071 Rev. --- 6 Oct 2005
EM061005_viirsCAL_sdlO_description

NGST/SE technical memo — NP-EMD.2005.510.0074 Rev. --- 2 June 2005
EMO060305VIIRS_CAL_EV_Detailed_Code_Changes

NGST/SE technical memo — VIIRS_CAL_testProc NP-EMD.2005.510.0081 Rev. --- 25 July 2005
NGST/SE technical memo — cal_Sdcode_change_Description NP-EMD.2005.510.0064 Rev. --- 3 June 2005
NGST/SE technical memo — NP-EMD.2005.510.0075 Rev. --- 3 June 2005
EMO060305VIIRS_CAL_SD_Detailed_Code_Changes

NGST/SE technical memo — EM050106Parameters-M NP-EMD.2005.510.0004 Rev. --- 6 Jan 2005
NGST/SE technical memo — VIIRS_GEO_OADtables_memo NP-EMD.2005.510.0012 Rev. --- 17 Jan 2005
NGST/SE technical memo — NA 19 Jan 2005
VIIRS_CAL_Sdcode_changes_011905

NGST/SE technical memo — NP-EMD.2005.510.0068 Rev. --- 6 June 2005
EM060605_viirsGEO_IP_description

NGST/SE technical memo — NP-EMD.2005.510.0125 Rev. A 30 Nov 2005
EM101005_geo_OADupdates_Rev_A

NGST/SE technical memo — NP-EMD.2006.510.0098 Rev. --- 15 Dec 2006
NPP_Geo_AtmosphericCorrectionSZAcalc

NGST/SE technical memo — NP-EMD-2007.510.0011 Rev. A 11 May 2007
Rev.A_VIIRS_SDR_BrightPixel_ID_design_Rev_A

NGST/SE technical memo — NP-EMD-2007.510.0013 Rev. --- 14 Feb 2007
VIIRS_SDR_BrightPixel_ID_Implement_OAD

NGST/SE technical memo — VIIRS_GEO_BugFixes NP-EMD.2008.510.0044 Rev. --- 3 July 2008
NGST/SE technical memo — VIIRS_GEO_OAD_Updates NP-EMD.2008.510.0027 Rev. A 19 Aug 2008
NGST/SE technical memo — SDSM_OAD_Update NP-EMD-2008.510.0019 Rev. --- 20 Mar 2008
NGAS/A&DP technical memo — SDSM_OAD_Update NP-EMD-2009.510.0006 21 Jan 2009
NGST/SE technical memo —VIIRS GEO EvtimesUpdates NP-EMD-2008.510.0050 29 Oct 2008
NGAS/SE technical memo — NP-EMD.2009.510.0038 24 Jun 2009
Direction for Setting the VIIRS Pixel Level SDR Quality flag for

VIIRS SDR Calibration

NGAS/SE technical memo — NP-EMD.2009.510.0048 Rev A | 12 Oct 2009
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Document Title Document Number/Revision ‘ Revision Date
NGAS/SE technical memo — NP-EMD.2009.510.0033 Rev A | 12 Oct 2009
VIIRS SDR OAD Updates to the Geolocation Parameters Table
NGAS/SE technical memo — NP-EMD.2009.510.0031 Rev A | 03 Dec 2009
Solar Diffuser LUT Read Update
NGAS/SE technical memo — NP-EMD.2009.510.0042 23 Jul 2009
Solar Diffuser Cal SDSM Angle Fix
NGAS/SE technical memo — NP-EMD.2009.510.0047 15 Sep 2009
Solar Diffuser Cal SDSM Angle Fix
VIIRS Bright Pixel ID Algorithm Update NP-EMD-2009.510.0052 09 Oct 2009
NGAS/SE technical memo — NP-EMD-2010.510.0003 10 Feb 2010
SDR/SDCal RVS Update
NGAS/SE technical memo — NP-EMD-2010.510.0007 revA 22 Mar 2010
VIIRS SDR Cal Thermistor Update
NGAS/SE technical memo — NP-EMD-2010.510.0008 24 Feb 2010
VIIRS SDR OBC Cal Update
NGAS/SE technical memo — NP-EMD-2010.510.0011 26 Feb 2010
VIIRS SDR Cal RSR Update
NGAS/SE technical memo — NP-EMD-2010.510.0012 05 Mar 2010
VIIRS SDR Cal DNB Stray Light QF
NGAS/SE technical memo — NP-EMD-2010.510.0013 12 Mar 2010
VIIRS SDR Cal DG Anomaly QF
NGAS/SE technical memo — NP-EMD-2010.510.0016 05 Mar 2010
VIIRS Solar Diffuser LUT Update
NGAS/SE technical memo — NP-EMD-2010.510.0021 16 Mar 2010
VIIRS SDR Cal EMI Spike Filter
NGAS/SE technical memo — NP-EMD-2010.510.0004 11 Feb 2010
VIIRS SDR_SD Calibration Off During Maneuver
NGST/SE technical memos:
LUT_OAD_Drop History_Corrections NPOESS GJM-2010.510.0011 21 Sep 2010
LUT_Format_Corrections NPOESS GJM-2010.510.0012 21 Sep 2010
PC_OAD_Last _Drop_Corrections NPOESS GJM-2010.510.0013 22 Sep 2010
PC_Format_Corrections NPOESS GJM-2010.510.0014 22 Sep 2010
SAD_Formatand Usage_Corrections NPOESS GJM-2010.510.0016 22 Sep 2010
NGST/SE technical memo — NP-EMD.2010.510.0094 1 Dec 2010
VIIRS_SDR-GEO_CODE_LUT Update_Dec_2010
NGST/SE technical memo — NP-EMD.2011.510.0003 21 Feb 2011
VIIRS_inst2sc.pdf
Joint Polar Satellite System (JPSS) Common Ground System UG60917-IDP-026 Rev - 18 Jul 2011
(CGS) IDPS PRO Software User's Manual Part 2

1.3.3 Source Code References

The science and operational code and associated documentation relevant to the algorithms
described in this OAD are listed in Table 2.

Table 2 Source Code References

Reference Title Reference Tag/Revision Revision Date
VIIRS SDR --- Science-grade Software ISTN_VIIRS_NGST_2.9 30 Sep 2004
NGST/SE technical memo — EM050106Parameters-M NP-EMD.2005.510.0004 Rev. --- 6 Jan 2005
VIIRS SDR --- Operational-grade Software Build 1.3 (OAD D39553 Rev ---) 30 Sep 2004
NGST/SE technical memo — NA [Build 1.3] 19 Jan 2005
VIIRS_CAL_Sdcode_changes 011905
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Revision Date

VIIRS SDR --- Science-grade Software ISTN_VIIRS_NGST_2.9.1 27 Jul 2005

NGST/SE technical memo — NP-EMD.2005.510.0067 Rev. --- 24 May 2005

EMO052405_viirsRDR_HDF_description [Build 1.3]

NGST/SE technical memo — NP-EMD.2005.510.0065 Rev. --- 14 Dec 2005

EM061405_viirsCAL_moon_in_SV [Build 1.3]

NGST/SE technical memo — NP-EMD.2005.510.0069 Rev. --- 6 Oct 2005

EM061005_viirsCAL_evlO_description [Build 1.3]

NGST/SE technical memo — NP-EMD.2005.510.0071 Rev. --- 6 Oct 2005

EM061005_viirsCAL_sdIO_description [Build 1.3]

NGST/SE technical memo — NP-EMD.2005.510.0064 Rev. --- 3 June 2005

cal_Sdcode_change_Description [Build 1.3]

NGST/SE technical memo — NP-EMD.2005.510.0075 Rev. --- 3 June 2005

EMO060305VIIRS_CAL_SD_Detailed_Code_Changes [Build 1.3]

NGST/SE technical memo — NP-EMD.2005.510.0068 Rev. --- 6 June 2005

EM060605_viirsGEO_IP_description [Build 1.3]

NGST/SE technical memo — VIIRS_CAL_testProc NP-EMD.2005.510.0081 Rev. --- 25 July 2005
[Build 1.3]

NGST/SE technical memo — NP-EMD.2005.510.0122 Rev. --- 12 Oct 2005

VIIRS_CAL_SD_Detailed_Code_Changes_Oct_2005 [Build 1.3]

NGST/SE technical memo — NP-EMD.2005.510.0074 Rev. --- 2 June 2005

EMO060305VIIRS_CAL_EV_Detailed_Code_Changes [Build 1.3]

VIIRS SDR --- Operational-grade Software Build 1.4 (follow-on) 27 Jul 2005

VIIRS SDR --- Science-grade Software (GEO) ISTN_VIIRS_NGST_2.7.2 (ECR- 01 Dec 2005

A080C)

VIIRS SDR --- Science-grade Software ISTN_VIIRS_NGST_2.9.2 06 Dec 2005

NGST/SE technical memo — viirsLUTconfigMethod NP-EMD.2005.510.0134 Rev. --- 12 Oct 2005
[Build 1.4]

NGST/SE technical memo —viirsCAL_sdIO_description NP-EMD.2005.510.0119 [Build 1.4] 12 Oct 2005

VIIRS SDR --- Science-grade Software ISTN_VIIRS_NGST_2.9.3 06 Apr 2006

VIIRS SDR --- Operational-grade Software Build 1.4 (follow-on) 06 Apr 2006

Combined CAL and GEO OADs (D39300) into D41868 Build 1.4 (D41868 Rev A1) 08 Jun 2006

NGST/SE technical memo — NP-EMD.2006.510.0098 Rev. --- 15 Dec 2006

NPP_Geo_AtmosphericCorrectionSZAcalc [Build 1.4]

VIIRS SDR --- Operational-grade Software Build 1.5 (OAD Revs A3-A8) 1 Jan 2007

NGST/SE technical memo — NP-EMD.2007.510.0009 Rev. --- 14 Feb 2007

VIIRS_SDR_Even_odd_subframe_design [Build 1.5]

NGST/SE technical memo — NP-EMD.2007.510.0010 Rev. --- 14 Feb 2007

VIIRS_SDR_Robust_Alg_design [Build 1.5]

NGST/SE technical memo — NP-EMD.2007.510.0011 Rev. A 11 May 2007

Rev.A_VIIRS_SDR_BrightPixel_ID_design_Rev_A [Build 1.5]

NGST/SE technical memo — NP-EMD.2007.510.0012 Rev. --- 14 Feb 2007

NPP_VIIRS_CAL_EV_Detailed_Code_Changes_Feb_2007 [Build 1.5]

NGST/SE technical memo — NP-EMD.2007.510.0013 Rev. --- 14 Feb 2007

VIIRS_SDR_BrightPixel_ID_Implement_ OAD [Build 1.5]

NGST/SE technical memo — NP-EMD.2007.510.0014 Rev. --- 14 Feb 2007

VIIRS_SDR_Cal_Modif_Implement_OAD [Build 1.5]

NGST/SE technical memo — NP-EMD.2007.510.0029 Rev. --- 23 Apr 2007

NPP_VIIRS_SDR_DNB_FirstFrameAnomaly [Build 1.5]
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Revision Date
11 June 2007

VIIRS SDR --- Science-grade Software ISTN_VIIRS_NGST_2.9.4 13 Aug 2007
VIIRS SDR operational software B1.5.x.1 (OAD Revs A9-A16) 1 Oct 2007
NGST/SE technical memo — SDSM_OAD_Update NP-EMD-2008.510.0019 Rev. --- 20 Mar 2008
[Build 1.5.x.1]
VIIRS SDR --- Science-grade Software ISTN_VIIRS_NGST_2.9.5 14 May 2008
VIIRS Geolocation — Science-grade Software ISTN_VIIRS_NGST_4.10 (ECR- 18 Jun 2008
A157)
NGST/SE technical memo — VIIRS_GEO_BugFixes NP-EMD.2008.510.0044 Rev. --- 3 Jul 2008
[Build 1.5.x.1]
VIIRS SDR --- Science-grade Software (Model ‘E’ LUT ISTN_VIIRS_NGST_2.9.7 08 Aug 2008
update)
VIIRS_SDR_DNB_Calibration_Saturation_Value_Bug_Fix NP-EMD.2009.510.0006- [Build Post- 31 Mar 2009
(PCR019689) X-C] (No update to OAD required)
PCR019290 Build Post-X-E (OAD Rev-A17) 23 Apr 2009
VIIRS SDR --- Science-grade Software ISTN_VIIRS_NGST_2.9.8 25 Jul 2009
NGAS/SE technical memo — NP-EMD.2009.510.0038--Build 1.5 01 Sep 2009
Direction for Settlng the VIIRS Pixel Level SDR Quallty flag Sensor Characterization Build SC 3
for VIIRS SDR Calibration (PCR20858) (No OAD updates)
VIIRS SDR --- Science-grade Software (Calibration) ISTN_VIIRS_NGST_4.18 11 Nov 2009
VIIRS SDR --- Science-grade Software (Geo) ISTN_VIIRS_NGST_4.19 11 Nov 2009
VIIRS SDR operational software Build 1.5 Sensor Characterization 20 Jan 2010
Includes Tech Memos (not listed in Table 1): Build SC 6 (OAD Rev A21)
NP-EMD.2009.510.0071_VIIRS_SDR_Cal_14bit_
Conversion (PCR22051)
NP-EMD-2009.510.0041_SDR_Cal_Imagery_Even_
Odd_Parity_Fix (PCR21468)
NP-EMD-2009.510.0044_VIIRS_Calibration_3rd_Order_
Coefficient_Fix (PCR21467)
NP-EMD.2009.510.0028_RevB_VIIRS_GEO_
MissingEncoderRobustness (PCR20616)
VIIRS SDR Bright Pixel ISTN_VIIRS_NGST_4.21 (ECR A- 14 Dec 2009
Identification science algorithm drop 4.21 259B)
NP-EMD-2009.510.0052 VIIRS Bright Pixel ID Algorithm Build 1.5 Sensor Characterization 25 Feb 2010
Update (PCR021472) Build SC 8 (OAD Rev A22)
VIIRS SDR --- Science-grade Software (Geo) ISTN_VIIRS_NGST_4.19.1 (ECR- 07 Apr 2010
A280A)
VIIRS SDR --- Science-grade Software (Calibration) ISTN_VIIRS_NGST_4.23 09 Apr 2010

includes:
NP-EMD-2010.510.0003 — SDR/SDCal RVS Update

NP-EMD-2010.510.0007 revA — VIIRS SDR Cal
Thermistor Update

NP-EMD-2010.510.0008 — VIIRS SDR OBC Cal Update
NP-EMD-2010.510.0011 — VIIRS SDR Cal RSR Update

NP-EMD-2010.510.0012 — VIIRS SDR Cal DNB Stray
Light QF

NP-EMD-2010.510.0013 — VIIRS SDR Cal DG Anomaly
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JPSS VIIRS CAL & GEO SDR OAD

Reference Title
QF

NP-EMD-2010.510.0016 — VIIRS Solar Diffuser LUT
Update

NP-EMD-2010.510.0021 — VIIRS SDR Cal EMI Spike
Filter

474-00090

Effective Date: October 09, 2012

Reference Tag/Revision

Revision B
Page 7

Revision Date

VIIRS SDR operational software Build 1.5 Sensor Characterization 16 Jun 2010
Build SC 11 (OAD Rev A23)

SDRL (OAD Rev A25) 08 Jul 2010

PCRs 19655, 22912, 22913 (TM 2010.510.0004) Build 1.5 Sensor Characterization 17 Aug 2010
Build SC 13 (OAD Rev A26)

ACCB OAD Rev A 22 Sep 2010

VIIRS SDR Algorithm Development Library Mx1.5.4.00 (OAD Rev B1) 29 Sep 2010

Convergence Update (No code updates) Mx1.5.4.00 (OAD Rev B2) 12 Oct 2010

PCR025126 Revert OBCIP to UIn16s Mx1.5.5_A (OAD Rev B3) 29 Oct 2010

VIIRS SDR --- Science-grade Software (Calibration) ISTN_VIIRS_NGST_4.19.2, 1 Dec 2010

includes:

ISTN_VIIRS_NGST_4.23.1

& 29 Jun 2011

VIIRS_SDR-GEO_CODE_LUT_Update_Dec_2010 (PCRs Mx1.5.5_A (OAD Rev B4) (OAD)
025836 & 026160)

VIIRS SDR --- Science-grade Software (Calibration) ISTN_VIIRS_NGST_4.19.3, 08 Mar 2011
includes: Mx1.5.5_E (OAD Rev B5) &
NP-EMD.2011.510.0003_VIIRS_inst2sc.pdf4 29 Jun 2011
PCRs026129 & 026130 (OAD)
PCR026634 (OAD update for ADL) (OAD Rev B6) 28 Sep 2011
PCR027965 (& undo of PCR025126) and PCR027896 (OAD Rev B7) 04 Nov 2011
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To begin data processing, the VIIRS SDR algorithms (Verified RDR, Geolocation and Calibration)
are initiated or retasked by the Infrastructure (INF) Subsystem Software Item (SI). The INF SI
provides tasking information to the VIIRS SDR algorithms indicating which granule number and
version to process. The Data Management Subsystem (DMS) Sl provides data storage and
retrieval capability. A library of C++ classes is used to implement the Sl interfaces (for more
information refer to document UG60917-IDP-026 particularly sections regarding PRO Common
processing and the IPO Model). The VIIRS SDR algorithms are identified as a persistent
retaskable process. When it completes processing for a specified granule, instead of shutting
down, the algorithm requests new tasking data in order to process another granule. Figure 1
shows the IPO (Input, Processing, Output) model interface to INF and DMS for calibration only but
the Verified RDR and Geolocation algorithms follow the same IPO model.

The EDR process is triggered by INF

Establish a connection to DMS

Initialize the connection to infrastructure,
and get tasking information.

Instantiate input and output data
items to be used by the algorithm

Set up the algorithm specific metadata

Get data buffers needed by the algorithm
from DMS

Process the data and produce output data

Send output data to DMS

Create DQN product and update
quality metadata
PRO_STATUS

PRO_STATUS

Establish
connection to DMS.
by instantiating a
DmApiClient
object.

[
L

Init()

apply Algorithm(Integer, char **)

I

initialize (task_arge, task_argv)

I

getinfTasdnfo( )

getinfTask( )

If a taskis identified as
RETASKABLE, instead of
shutting down after process
completion, it will request
additional tasking information
from INF and process with
this new taskinformation

sendStatus( )

/ /
/ y
/
setupDataltems( ) y
= /
/

/
new ProCmnDataltem|

For each input data [\
item needed by the
algorithm

For each output

by the algorithm

data item needed

‘ s:meves data B‘

ffers from | Procmno
DMS

N\

N il
utputitem

\ generateQualitynfo(const string&, const string&)

sendStatus( )

ftess

shutDown(Integer)

etDataltemsg¢tData( ) \
aotatal query()
Saves DMS
buffer asan
output item
getData()
query()
N\
\\
doProcessing( ) ProCmnQualityNotification \
putDataltems( ) X
\\
putbata() 1 et

Figure 1 IPO Model Interface to INF and DMS (Calibration)
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When the VIIRS SDR algorithms are called, they first initialize values such as routine name and
software version number, then call setupDataltems() to create data items handlers for retrieving
input data from, and storing output data to, DMS. Next, doPtrAssignmentTolnputAndOutput()
assigns pointers to input and output data items. The Verified RDR algorithm,
ProSdrViirsVerifiedRDR, produces the Verified RDR. The geolocation algorithm, ProSdrViirsGeo
controls the execution and processing of the geolocation outputs.

In the ProSdrViirsGeo algorithm, consecutive calls are made to the GEO method,
geolocateGranule, with appropriate resolution parameter structures to produce GEO products in
the following order (first to last): imagery (non-terrain corrected and terrain corrected items);
moderate (non-terrain corrected and terrain corrected items); moderate unaggregated; DNB.

The ProSdrViirsCal algorithm calls the Radiometric Calibration routine to produce TOA radiances,
reflectances (reflective bands only), and brightness temperatures (emissive bands only) for each
pixel in the imagery bands, moderate bands, and day/night band .

Finally, outputs are checked for data quality, and select outputs are scaled before all output data
items are written to DMS. A flow diagram of the VIIRS SDR algorithms is provided in Figure 2,
Figure 3 and Figure 4 for clarification.

VIIRS Verified RDR

Set up routines }

doProcessing()

createVerifiedViirsRDR()
Unpacks and byte aligns the VIIRS
RDR data for SDR processing

Figure 2 VIIRS Verified RDR Flow Diagram
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VIIRS Geolocation

Set up routines }

doProcessing()

createVerifiedViirsRDR()
Unpacks and byte aligns the VIIRS RDR data
| for SDR processing. This method is only called
”| in the case that a verified RDR was not passed
to the algorithm.

geolocate ()
Performs geolocation and
generates the geolocation IPs.

Y

createDegreeProducts()
Creates the degree form of the geo data
intended for delivery.

convertToDegrees()
Converts angles for Geo Degree
forms for delivery.

Y

Figure 3 VIIRS Geolocation Flow Diagram

[ VIIRS Calibration ]

{ Set up routines }

doProcessing()

createVerifiedViirsRDR()
Unpacks and byte aligns the VIIRS
RDR data for SDR processing

calibrate()
Performs calibration and generates the
SDR products for all bands.

Y

Figure 4 VIIRS Calibration Flow Diagram
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2.1 VIIRS SDR Verified RDR Description

Before the geolocation or calibration components can be run the RDR packets must be
assembled into what is called the Verified RDR. The RDR packets must first be decompressed.
There are four stages of decompression. All stages are lossless. The stages in order of
application on the compression side for the earth-view (EV) data are:

- Removal of unused bits

Piecewise linear offset for dual-gain bands only

Differential Encoding using a predictor band

Universal Source Encoder for Space (USES), an industry standard for lossless encoding.

The decompression reverses the compression steps and is therefore applied in the reverse of the
order listed above. The decompressed EV packets are then assembled into matrices in the order
needed by the calibration algorithm. The calibration views must also be assembled into matrices
called granules. The granules have n full scans (either nscan=47 or 48 in the current
configuration). The scans are assembled from first to last in time, with increasing scan line
indices corresponding to later times. This is referred to as the in-track index. The detector focal
plane arrays (FPA) are positioned so that detector 1 is at the leading edge of the FPA in the track
direction. Unfortunately, this is the opposite of what is needed to produce the verified RDR with
the scan lines increasing in the in-track direction. Therefore, the order of the detectors must be
reversed in creating granules from packets. The numbering of the detectors on the FPA is
referred to as Instrument Engineering Order (IEO). The reversed ordering that is used in the
verified RDR (as well as the SDR and EDR) is referred to as Product Order (PO). All look-up
tables that have per detector values should be in Product Order. Figure 5 provides an illustration
of the different detector ordering.

Check the JPSS MIS Server at https://jpssmis.gsfc.nasa.gov/frontmenu_dsp.cfm to verify that this is the correct version prior to use.
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. Det # Scan Line Index
In-Scan (IEOQ (PO)
| R — 16 1
In-Track H
Scan 1
] 1 16
[Jeessssseen 16 17
Scan 2
e m— 1 32
 [ES— 16 753
Scan 48
1 768
This example shows the IEO and PO numbering for a
Moderate resolution (16 detectors) 48-scan granule.

Figure 5 Instrument Engineering Order and Product Order lllustration

The other dimension is in the scan direction, referred to as the scan index, and has increasing
indices from start of scan to end of scan. The imagery bands (I1 to I5) have 6400 samples in the
scan index for the EV verified RDR. The dual gain moderate resolution bands (M1 to M5, M7 and
M13) have 6304 samples and the other moderate resolution bands have 3200. The DNB has
4064 EV samples in-scan.

The Cal views have 96 samples in scan for imagery bands 11 to 15, and 48 samples in-scan for
the moderate resolution bands. The number of samples per view for the DNB band is 64 except
for Aggregation Modes 34 and 35 when it is 16. The DNB aggregation mode in the Cal view
changes every two scans, cycling over aggregation Modes 1 to 36 in 72 scans. The DNB Cal
data is split between the four FPAs used by the DNB: HGA, HGB, MGS, and LGS. Because the
M16 detectors use TDI, it contains calibration data for both M16A and M16B detectors. The EV
data, however, is aggregated before transmission for M16, so there is no separate A and B data
in the verified RDR. When the Verified RDR granule arrays are created, fill values must be putin
pixels where there is missing data.

Verified engineering application packet data is also produced and byte aligned as part of this
process.

Check the JPSS MIS Server at https://jpssmis.gsfc.nasa.gov/frontmenu_dsp.cfm to verify that this is the correct version prior to use.
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For the geolocation algorithm the Verified Spacecraft E&A RDR is generated from the RDR
packets. This is S/C Ephemeris and Attitude RDR data that has been byte aligned. This process
is done as part of the geolocation algorithm. The onboard S/C ephemeris and attitude data (in
APID 11) includes: spacecraft ECR (GPS ECEF) position vectors (X, Y, Z components in meters),
ECR velocity vectors (X, Y, Z components in meters per second) and attitude quaternion data (4
dimensionless numbers). The attitude quaternion data are used to create a quaternion matrix
providing unambiguous rotation from J2000 ECI coordinates to spacecraft coordinates.

2.1.1 Interfaces

2.1.1.1 Inputs

The VIIRS Verified RDR process takes as input the VIIRS RDR data as shown in Table 3, Table
4, and Table 5.

Table 3 Verified VIIRS RDR Engineering Packet Data Inputs

Typel/ D inti Units/
Dimensions escription Valid Range
startiETusec Int64/ IET time at the start of the scan IET MISS_IN
(nscans) which is the number of microseconds T64
microseconds since 1/1/1958
startTAlsec Float64/ (nscans) TAI time at the start of the scan TAl seconds | MISS_FL
which is the number of seconds OAT64
since 1/1/1958
mirror_side uint8/ (nscans) mirror side in optical path — “0” Unitless/ MISS Ul
for side 1 and “1” for side 2 [01] NT8
dpp_config uint8/ (nscans)(128) digital PreProcessor Unitless/ MISS_UI
Configuration Count NT8
mf_ao_blkhd_px_nz int16/ MF_AO_BLKHD_PX_NZ Therm Unitless/ MISS_IN
(nscans) 44 Count T16
mf_ao_blkhd_nx_pz int16/ MF_AO_BLKHD_NX PZ Therm Unitless/ MISS_IN
(nscans) 45 Count T16
mf_stopassy_baff nz int16/ On Baffle NZ of Apert Stop Assy Unitless/ MISS_IN
(nscans) between HAM and FM2 Therm Count T16
14
mf_fold_mir_bkhd_ct int16/ MF_FOLD MIRROR BLKHD Unitless/ MISS_IN
(nscans) Center Therm 6 Count T16
mf_tel_blkhd_py int16/ Mainframe Telescope Bulkhead Unitless/ MISS_IN
(nscans) Therm 33, RT16 (Node 1022 in Count T16
Radiometry Model)
ap_lw_cca int16/ Long wave IR CCA Information Unitless/ MISS_IN
(nscans) stored in the Engineering packet. Count T16
ap_sm_cca int16/ Short/Med wave IR CCA Unitless/ MISS_IN
(nscans) information stored in the Count T16
Engineering packet.
ap_vn_cca int16/ Visible/Near IR CCA information Unitless/ MISS_IN
(nscans) stored in the Engineering packet Count T16
ct_prec_tref_mux1ca1 int16/ Precision Thermistor Cal Ref Unitless/ MISS_IN
(nscans) Resistor 1 Count T16
ct_prec_tref_mux1ca2 int16/ Precision Thermistor Cal Ref Unitless/ MISS_IN
(nscans) Resistor 2 Count T16
ct_prec_tref_mux1ica3 int16/ Precision Thermistor Cal Ref Unitless/ MISS_IN
(nscans) Resistor 3 Count T16
ft_Iw_cfpa_hi_rsl int16/ (nscans) f degrees MISS_IN
ocal plane Temperature Kelvin/ 70 — T16
Controller Long Wave IR CFPA 89K
high resolution temperature Note 1
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Fill
Value

ft_lw_cfpa_lo_rsl int16/ (nscans) f degrees MISS_IN
ocal plane Temperature Kelvin/ 52 — T16
Controller Long Wave IR CFPA 330K
wide range temperature Note 1
ft_sm_cfpa_hi_rsl int16/ (nscans) focal plane Temperature degrees MISS_IN
Controller Short Midwave IR Kelvin/ 70 — T16
CFPA high resolution 89K
temperature Note 1
ft_sm_cfpa_lo_rsl int16/ (nscans) f degrees MISS_IN
ocal plane Temperature Kelvin/ 51- T16
Controller Short Midwave IR 6330K
CFPA wide range temperature N
ote 1
ft_vis_nir_fpa int16/ (nscans) degrees MISS_IN
focal plane Temperature Kelvin/ 245- T16
Controller Visual/Near IR fpa 319K
Note 1
m1_asp_offset int16/ (nscans)(2)( 16) | moderate band 1 Analog Signal Unitless MISS_IN
Processor offset T16
m2_asp_offset int16/ (nscans)(2)( 16) | moderate band 2 Analog Signal Unitless MISS_IN
Processor offset T16
m3_asp_offset int16/ (nscans)(2)( 16) | moderate band 3 Analog Signal Unitless MISS_IN
Processor offset T16
m4_asp_offset int16/ (nscans)(2)( 16) | moderate band 4 Analog Signal Unitless MISS_IN
Processor offset T16
m5_asp_offset int16/ (nscans)(2)( 16) | moderate band 5 Analog Signal Unitless MISS_IN
Processor offset T16
m6_asp_offset int16/ (nscans)(2)( 16) | moderate band 6 Analog Signal Unitless MISS_IN
Processor offset T16
m7_asp_offset int16/ (nscans)(2)( 16) | moderate band 7 Analog Signal Unitless MISS_IN
Processor offset T16
m8_asp_offset int16/ (nscans)(2)( 16) | moderate band 8 Analog Signal Unitless MISS_IN
Processor offset T16
m9_asp_offset int16/ (nscans)(2)( 16) | moderate band 9 Analog Signal Unitless MISS_IN
Processor offset T16
m10_asp_offset int16/ (nscans)(2)( 16) | moderate band 10 Analog Signal Unitless MISS_IN
Processor offset T16
m11_asp_offset int16/ (nscans)(2)( 16) | moderate band 11 Analog Signal Unitless MISS_IN
Processor offset T16
m12_asp_offset int16/ (nscans)(2)( 16) | moderate band 12 Analog Signal Unitless MISS_IN
Processor offset T16
m13_asp_offset int16/ (nscans)(2)( 16) | moderate band 13 Analog Signal Unitless MISS_IN
Processor offset T16
m14_asp_offset int16/ (nscans)(2)( 16) | moderate band 14 Analog Signal Unitless MISS_IN
Processor offset T16
m15_asp_offset int16/ (nscans)(2)( 16) | moderate band 15 Analog Signal Unitless MISS_IN
Processor offset T16
m16a_asp_offset int16/ (nscans)(2)( 16) | moderate band 16 Analog Signal Unitless MISS_IN
Processor offset T16
m16b_asp_offset int16/ (nscans)(2)( 16) | day/night band Analog Signal Unitless MISS_IN
Processor offset T16
i1_asp_offset int16/ (nscans)(2)( 32) | imagery band 1 Analog Signal Unitless MISS_IN
Processor offset T16
i2_asp_offset int16/ (nscans)(2)( 32) | imagery band 2 Analog Signal Unitless MISS_IN
Processor offset T16
i3_asp_offset int16/ (nscans)(2)( 32) | imagery band 3 Analog Signal Unitless MISS_IN
Processor offset T16
i4_asp_offset int16/ (nscans)(2)( 32) | imagery band 4 Analog Signal Unitless MISS_IN
Processor offset T16
i5_asp_offset int16/ (nscans)(2)( 32) | imagery band 5 Analog Signal Unitless MISS_IN
Processor offset T16
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bb_tmps int16/ (nscans)(6) degrees MISS_IN
black body temperatures, OT Kelvin/ 243 to T16
shutdown=315K 336 K
Note 1
ham_tmp1 int16/ (nscans) degrees MISS_IN
half angle mirror T1 prec therm Celsius/ -30 T16
07, radiatively coupled to 65 °C
Note 1
ham_tmp2 int16/ (nscans) degrees MISS_IN
half angle mirror T2 prec therm Celsius/ -30 T16
08, radiatively coupled to 65 °C
Note 1
mf_nadir_rad_nxp int16/ (nscans) degrees MISS_IN
mainframe Nadir radiator nxpy Celsius/ -25 16
to 65 °C
Note 1
mf_scan_cavity_nxp int16/ (nscans) degrees MISS_IN
mainframe scan cavity nx pz Celsius/ -25 T16
therm 46 to 60°C
Note 1
mf_scan_cavity_baf nz int16/ (nscans) degrees MISS_IN
mainframe scan cavity baffle NZ Celsius/ -25 T16
prec therm 10 to 60°C
Note 1
mf_scan_cavity_baf pz int16/ (nscans) degrees MISS_IN
mainframe scan cavity baffle PZ Celsius/ -25 T16
prec therm 9 temperature to 60°C
Note 1
mf_scan_cavity_bknd_n int16/ (nscans) degrees MISS_IN
mainframe scan cavity bulkhead Celsius/ -25 T16
ny therm 8 to 60°C
Note 1
dp_dnb_cca int16/ (nscans) degrees MISS_IN
digital preprocessor DNB cca Celsius/ -25 T16
thermistor 60 to 60°C
Note 1
dp_dpp_cca int16/ (nscans) degrees MISS_IN
digital preprocessor DPP cca Celsius/ -25 T16
thermistor 61 to 60°C
Note 1
dp_fpie_clk_cca int16/ (nscans) diai degrees MISS_IN
igital preprocessor focal plane Celsi
) : elsius/ -25 T16
interface electronics clk cca to 60°C
thermistor 51 N
Note 1
power_supply1 int16/ (nscans) degrees MISS_IN
power supply 1 thermistor 52 Celsius/ -25 16
to 60°C
Note 1
power_supply2 int16/ (nscans) degrees MISS_IN
power supply 2 thermistor 53 Celsius/ -25 16
to 60°C
Note 1
se_a_cca int16/ (nscans) degrees MISS_IN
scan control electronics A cca Celsius/ -25 T16
thermistor 31 to 60°C
Note 1
se_b _cca int16/ (nscans) degrees MISS_IN
scan control electronics B cca Celsius/ -25 T16
thermistor 12 to 60°C
Note 1

Check the JPSS MIS Server at https://jpssmis.gsfc.nasa.gov/frontmenu_dsp.cfm to verify that this is the correct version prior to use.
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MISS_UI

(nscans) 0O=home, 1=SD view and 2=sun 0-2 NT8
view
sdsm_samples int16/ Volts/ MISS_IN
[nscans] 251025V T16
[n_sdsm_samples(5)] SDSM Samples Note 1
[n_sdsm_detectors(8)]
sdsm_preamp int16/ degrees MISS_IN
[nscans] . Celsius/ -70 T16
SDSM Preamp Thermistor 57 to 120°C
Note 1
tel_enc uint16/ Scan time MISS_IN
[nscans x (num. of TEL | contains the raw encoder values counter T16
enc. Pulses)] for each scan in the granule ticks/[0 —
65535]
ham_enc uint16/ Scan time MISS_IN
[nscans x (num. Of contains the raw encoder values counter T16
HAM enc. Pulses)] for each scan in the granule ticks/[0 —
65535]
tel_start_enc uint16 / Telescope start of scan encoder 15-bit MISS_IN
[nscans] value (15-bit encoder) encoder ticks/ T16
[0 — 32768]
ham_start_enc uint16 / Half angle mirror start of scan 15-bit MISS_IN
[nscans encoder value (15-bit encoder) encoder ticks/ T16
[0 —32768]
act_scans int32/ 1 number of actual scans N/A/ 0 - 16 MISS_IN
T32
scan_mode char8/ N/A/ MISS_UI
[nscans] sensor mode of each scan [Day | Night | NT8
Other]
Mode uint8/ 1 scan mode NA/ O=night, MISS Ul
1=day, NT8
2=mixed
bgnTime int64/ 1 begin boundary of the granule IET MI??ZIN
endTime int64/1 end boundary of the granule IET MI?SZW
first_scan int64/ 1 IET of the first scan IET MI?ESVTIN
last_scan int64/ 1 IET of the last scan IET MI?ESSZIN
sensor_softver uint8/ [16] . N/A MISS_UI
sensor software version NT8
Sensor uint8/ [8] VIIRS sensor ID N/A MIS?gUI
sensor_model int32/ 1 1=EDU, 2=FU1 (Flight Unit), N/A MISS_IN
FU2, FU3 T32
dnb_sequence Uint8/ DNB sequence number Unitless/ MISS_UI
[nscans] 110 36 NT8

" Note: The field is a digital count. Units/Valid Range are after polynomial conversion.

Table 4 Verified VIIRS RDR Science Packet Data Inputs

Type Description Fill Value
Dimensions
Image Band
IETusec Int64 IET start of the scan Microseconds since MISS INT64_FI
[48] Jan 1, 1958 LL
earthview Uint16 / each pixel of the scan 12 bit count MISS_UINT16_
[1536][6400] 0 - 4095 FILL

Check the JPSS MIS Server at https://jpssmis.gsfc.nasa.gov/frontmenu_dsp.cfm to verify that this is the correct version prior to use.
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Fill Value

Dimensions
Single Gain Moderate Band

IETusec Int64 IET start of the scan Microseconds since MISS_INT64_FI
[48] Jan 1, 1958 LL

earthview UINT16 each pixel of the scan 12 bit count MISS UINT16_
[768][3200] 0 —4095 FILL

Dual Gain

IETusec Int64 IET start of the scan Microseconds since MISS_INT64_FI
[48] Jan 1, 1958 LL

earthview Uint16 each pixel of the scan 12 bit count MISS_UINT16_
[768][6304] 0 —4095 FILL

gain Uint8 the gain for each pixel Oor1 MISS_UINT8_FI
[768][6304] LL

DNB

IETusec Int64 IET start of the scan Microseconds since MISS_INT64_FI
[48] Jan 1, 1958 LL

earthview Uint16 each pixel of the scan 13 or 14 bit count MISS_UINT16_
[768][4064] 0-16383 FILL

gain Uint8 the gain for each pixel 0,2,0r3 MISS_UINT8_FI
[768][4064] LL

Table 5 Verified VIIRS RDR Calibration Packet Data Inputs

Type Description Fill Value
Dimensions
Image Band

sv_calib Uint16 space view calibration source counts MISS_UINT1
[1536][96] 0 - 32767 6_FILL

bb_calib Uint16 black body calibration source counts MISS UINT1
[1536][96] 0 - 32767 6 _FILL

sd_calib Uint16 solar diffuser calibration counts MISS_UINT1
[1536][96] source 0—32767 6 _FILL

Single Gain Moderate Band

sv_calib Uint16 space view calibration source counts MISS_UINT1
[768][48] 0 - 32767 6_FILL

bb_calib Uint16 black body calibration source counts MISS_UINT1
[768][48] 0 - 32767 6 _FILL

sd_calib Uint16 solar diffuser calibration counts MISS_UINT1
[768][48] source 0 - 32767 6 FILL

Dual Gain / DN Bands

sv_calib Uint16 space view calibration source counts MISS_UINT1
[768][48] 0 — 32767 6 FILL

bb_calib Uint16 black body calibration source counts MISS_UINT1
[768][48] 0 - 32767 6_FILL

sv_calib Uint16 solar diffuser calibration counts MISS UINT1
[768][48] source 0 - 32767 6 FILL

sv_calib_gain Uint8 gain state for the space view counts MISS_UINT8
[768][48] calibration 0-1 FILL

bb_calib_gain UInt8 gain state for the black body counts MISS_UINT8
[768][48] calibration 0-1 _FILL

sd_calib_gain UInt8/ gain state for the solar diffuser counts MISS_UINT8
[768][48] calibration 0-1 FILL

DNB

sv_calib Uint16 space view calibration source counts MISS_UINT1
[768][64] 0 - 32767 6 _FILL

bb_calib Uint16 black body calibration source counts MISS_UINT1
[768][64] 0 - 32767 6_FILL

sv_calib Uint16 solar diffuser calibration counts MISS UINT1
[768][64] source 0 - 32767 6 _FILL

Check the JPSS MIS Server at https://jpssmis.gsfc.nasa.gov/frontmenu_dsp.cfm to verify that this is the correct version prior to use.
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2.1.1.2 Outputs
The internal output of the VIIRS Verified RDR is a byte-aligned version of the VIIRS RDR.
2.1.2 Algorithm Processing

This is the derived algorithm for the VIIRS SDR Verified RDR algorithm and is a subclass of the
AutoGeneratedProSdrViirsVerifiedRdr and ProCmnAlgorithm classes. The derived algorithm
class creates a list of input data items read from DMS and passes required data into the
algorithm. All output data items are written to DMS once the algorithm finishes processing this
data.

VIIRS Science RDRs contain the science, CAL and engineering application packets that are
required for SDR processing of a tasked granule. In addition to the tasked granule, the RDR
information from the previous and following granule also need to be processed in order to
accurately calibrate dual gain bands. Not all of the data in the RDRs are needed for SDR
processing. A Verified RDR contains only the data from an RDR that is required for the SDR
processing of a tasked granule. The data has been extracted, unpacked and byte aligned from
the CCSDS application packets contained in the RDR. In other words, a Verified RDR is a byte-
aligned RDR. This unpacked and byte-aligned data is assigned to the internal verified RDR
structure, which is not in the same structure that the packet data came in (for efficiency reasons),
and VIIRS SDR processing uses the data from that structure to do further processing. Figure 6
shows the Create Verified VIIRS RDR Flow.

The first sample from each of the 16 DNB detector outputs reported in the Earth View and the
three calibration views (Space, Blackbody and Solar Diffuser) is anomalous for each VIIRS scan.
The main cause for this anomaly was found to be due to a problem in the startup portion of the
CCD timing. This timing problem may be fixed in the hardware for Flight Unit 2; however, for
Flight Unit 1, this DNB anomaly should be removed during the VIIRS SDR process by placing fill
integer 0 values in the RDR data for the DNB Earth View and the three calibration views. This
VIIRS DNB First Frame anomaly was fixed per

NP-EMD-2007.510.0029_NPP_VIIRS_SDR_DNB_FirstFrameAnomaly.

Check the JPSS MIS Server at https://jpssmis.gsfc.nasa.gov/frontmenu_dsp.cfm to verify that this is the correct version prior to use.
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Create vector of RDR pointers
to be converted to verified
RDRs.

A 4

Initialize the current verified
RDRs with fill values.

A 4

Parse and assign engineering
data and header data to the
current verified RDR.

A 4

createVerifiedRdr() unpacks
and byte aligns the VIIRS
RDRs.

A 4

Parse and assign science data
and header data to the current
verified RDR.

A 4

Parse and assign calibration
data and header data to the
current verified RDR.

A 4

Assign these unpacked and
byte aligned data to the
verified RDR  structure for
VIIRS SDR processing.

A 4

Figure 6 Create Verified VIIRS RDR Flow Diagram

2.1.2.1 createVerifiedRDR()

createVerifiedRDR() creates a VIIRS Verified RDR structure for the current, previous, and
following granules and calls ProViirsVerifiedRDRConverter::convert() to fill the Verified RDRs with
unpacked and byte-aligned engineering, science, and CAL data. The Verified RDR number of
actual scans is validated and the granule mode (day, night, mixed) is determined.

2.1.2.2 ProViirsVerifiedRDRConverter()

ProViirsVerifiedRDRConverter() retrieves the engineering, science, and CAL packets by APID
from the VIIRS RDRs and calls the appropriate methods (ViirsEngAppPacket::parsePkts(),
ViirsSciAppPacket::parsePkts(),ViirsEngCalPacket::parsePkts()) to unpack and byte align the
data which is stored in the VIIRS Verified RDR. To ensure that every granule starts at a scan 1
and that missing scans are treated appropriately, scan ids are turned into offsets from the
minimum scan id in the granule.

Check the JPSS MIS Server at https://jpssmis.gsfc.nasa.gov/frontmenu_dsp.cfm to verify that this is the correct version prior to use.
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2.1.2.3 ViirsCalAppPacket()

The ViirsCalAppPacket class contains methods to retrieve and decompress the CAL packet data
in the VIIRS RDR. It loops through the space view, black body, and solar diffuser CAL data and
decompresses the views for each detector of each band. Universal Source Encoder for Space
(USES) (viirs_decmp()) is used for this purpose. This is also referred to Rice compression (after
its creator or Modified NCSA (National Center for Supercomputing Applications) code. This class
also converts the CCSDS time to IET time.

2.1.2.4ViirsengAppPacket()

The ViirsEngAppPacket class contains methods to unpack and byte align engineering packet data
in the VIIRS RDR. This class also retrieves and converts the CCSDS time to IET time.

2.1.2.5 ViirsHrdAppPacket()

The ViirsHrdAppPacket class contains methods to retrieve and decompress the science packet
data in the VIIRS RDR. This class also converts the CCSDS time to IET time and fills in the start
of scan trigger time for the RDR.

2.1.3 Graceful Degradation

The VIIRS Verified RDR procedure contains no graceful degradation.

2.1.3.1 Graceful Degradation Inputs

None.

2.1.3.2 Graceful Degradation Processing

None.

2.1.3.3 Graceful Degradation Outputs

None.

2.1.4 Exception Handling

No exception handling is performed in the VIIRS Verified RDR process.
2.1.5 Data Quality Monitoring

No data quality monitoring is performed in the VIIRS Verified RDR process.

Check the JPSS MIS Server at https://jpssmis.gsfc.nasa.gov/frontmenu_dsp.cfm to verify that this is the correct version prior to use.
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2.1.6 Computational Precision Requirements

There are no computational precision requirements for the VIIRS Verified RDR process.
2.1.7 Algorithm Support Considerations

The DMS and INF must be running before the algorithm is executed.

2.1.8 Assumptions and Limitations

The VIIRS Verified RDR requires as input raw data packets transmitted from the satellite.
2.2 VIIRS SDR Geolocation Description

The purpose of the VIIRS GEO software is to provide Earth location and related spatial
information for each of the samples in the Raw Data Record (RDR) belonging to the moderate
resolution radiometric bands (aggregated and unaggregated), the fine resolution imagery bands,
and the Day/Night Band (DNB). The output GEO data fields include geodetic latitude, longitude
and derived products such as satellite zenith and azimuth angles, range to the satellite, solar
zenith and azimuth angles, and (for the DNB) both lunar zenith and azimuth angles. The VIIRS
GEO algorithm processes the engineering VIIRS RDR and Spacecraft Ephemeris and Attitude
(E&A) RDRs, as well as external support data sets to generate the GEO data fields. The Earth
location fields, which include the geodetic latitude, longitude and height, are computed using
rigorous models of the Earth and VIIRS instrument pointing. The algorithm computes the earth
location by first determining each pixel’s line-of-sight (LOS) vector by constructing dynamic
models of the VIIRS instrument using the engineering and spacecraft RDR data. Each detector’s
LOS vector is then intersected with the rotating WGS84 ellipsoid to obtain geodetic latitude and
longitude. If terrain correction is to be performed, then the LOS intersection with the terrain-
adjusted surface (geoid plus height over the geoid) is computed to output a terrain corrected
geodetic latitude, longitude and height. The GEO products are held in internal memory to be input
to the radiometric CAL module before they are written out to the Data Management Subsystem
(DMS). For a list of GEO products to be produced, please refer to Section 2.2.1.2. The
Geolocation Processing Chain is shown in Figure 7.
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Figure 7 Geolocation Processing Chain

2.2.1 Interfaces

2.2.1.1 Inputs

Table 6 lists the VIIRS GEO SDR inputs which are further detailed within Tables 7, and 8. The
rotating telescope assembly (RTA) encoder data and half angle mirror (HAM) encoder data is
used by the Geolocation algorithm to construct models of the RTA and HAM rotation as a function
of time. The scan timing information is used to relate the VIIRS spatial elements to the models of
both the dynamic components of the instrument (RTA and HAM) and the S/C. Some parameters
listed in this table are not used by GEO but must remain in the data structure for sizing purposes.
Table 7 contains a list of the S/C ephemeris and attitude data used to construct a model of the
platform position, velocity, and orientation as a function of time. Table 8, Geolocation Parameter
Inputs, contains instrument constants that include focal plane, band, and detector locations which
are used to generate corrections applicable to each detector (channel) in a spatial element.

Table 6 VIIRS Geolocation Inputs

Input Object/Format Description
Verified VIIRS RDR Binary VIIRS Engineering RDR.packets that have
been byte aligned.
Binary S/C Ephemeris and Attitude RDR data

Verified Spacecraft E&A RDR

that has been byte aligned.
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Object/Format Description
File containing information specific for
Geolocation Parameter Table processing each resolution — 1 for each
resolution.

Table 7 S/IC Ephemeris and Attitude Data

Description

Typel Units/ J Fill

Value

Dimensions Valid Range

ietTime Int64[NUM_EPH_RPTS] IET time of the ephemeris Microseconds since
data 1/1/1958
pos float32[NUM_EPH_RPTS][3] ECEF (Earth Centered Meters None
Earth Fixed) -7.25E6 to 7.25E6
vel float32[NUM_EPH_RPTS][3] ECEF meters/sec None
-7.55E3 to 7.55E3
ietTime Int64[NUM_ATT_RPTS IET time of the attitude Microseconds since None
data 1/1/1958
quat float32[NUM_ATT_RPTS][4] Quaternion of Control Quaternion
Frame relative to J2000.0 [-1 to +1] None

Table 8 Geolocation Parameter Inputs

Typel Description Units/
Dimensions Valid Range
revision Uint8/ Revision number for the Unitless/ None
(1,10) parameter file (1-D array, 10 N/A
bytes in length).
band_number Int32/ Band number to geolocate (0 is Unitless/ None
1 the ideal band). This [0 to 22]

parameter is used to index
other band dependent

parameters.
latch_to_center float64/ Used to calculate sample time Unitless/ None
1 from frame time. This specifies [0-1.0]

the fraction of the frame time
that is used to compute the
sample time, e.g.,
latch_to_center = 0.5 means
that the sample time is
computed at the center of the
frame time.
t_reset float64/ Time to reset the sample, Seconds None
1 otherwise called the readout
time. This is computed by [-2.3e-5 - 2.3¢-5]

subtracting the integration time
from the frame time. If the
readout occurs at the beginning
of the frame time (before the
integration time), then a
negative t_reset should be
used in the parameter file to
adjust the sample time
equations appropriately.
N_samp Uint16/ Factor used to determine the Unitless/ None

Max Band number of samples per frame [1-2]
Number (MBN) | for each band (0 is the ideal

+1 band).
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Type/ . Units/
Dimensions Description Valid Range
focal_length float64/ Instrument focal length for each Meters/ None
MBN+1 band. This parameter is tied to [0.270 - 1.15]
the Mag parameter. If the
system Mag is used, then the
system focal length should be
used. Likewise, if the Mag of
the Aft Optics is used, then the
Aft Optics focal length should
be used.
det_space_track float64/ Detector center spacing in the Meters/ None
MBN+1 track direction (0 is the ideal Range for IMG:
band) [0.000508 — 0.000511]
Range for MOD:
[0.001016 — 0.001022]
det_space_scan float64/ Detector center spacing in the Meters/ None
MBN+1 scan direction (0 is the ideal 20
band). This parameter
currently set to zero for all
bands since the scan offset is
accounted for by a timing
offset.
DNB_space_track float64/ DNB detector center spacing in Meters/ None
32 the track direction. [0.000484 - 0.001016]
Aggregation zone dependent,
listed in order from Zone 0 to
31, where Aggregation Zone 0
is nadir.
DNB_space_scan float64/ DNB detector center spacing in Meters/ None
32 the scan direction. 20
Aggregation zone dependent,
listed in order from Zone 0 to
31, where aggregation Zone 0
is nadir. This parameter
currently set to zero for all
zones since the scan offset is
accounted for by a timing
offset.
det_position float64/ Band center x and y offset Meters/ None
(MBN+1, 2) pairs with respect to the optical Range Dim 1 (scan):
center (0 is the ideal band). [0 to 0.000177] IMG
This value is the average shift [0 to 0.000354] MOD
of all detector locations within [0 to 0.000015] DNB
the band from the nominal Range Dim 2 (track):
location (overall bias per band). [0 to 0.000508] IMG
[0 to 0.001016] MOD
[0 to 0.000024] DNB
band_position float64/ Scan IFQV offsets of band MOD IFOV/ None
MBN+1 trailing edges with respect to [-22 to 22]
the optical center (0 is the ideal
band)
earth_view_delay float64/ The delay following the start of Seconds/ None
1 scan (referenced to the Real number
encoder clock reset) to the start
of the first Earth View (EV)
sample. This parameter
specifies the dropped samples
to allow for electronic settling
before EV sampling.
detector_sampling_rate float64/ Sampling rate for MOD, IMG Seconds/ None
1 and DNB resolution detectors. [0.000003 — 0.0009]
scan_length float64/ Scan period (Length of VIIRS Seconds/ None
1 scan) [1.77 — 1.80]
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Units/
Valid Range

agg_zone_bounds

int32/
(1,5)

Upper bounds for the MOD and
IMG resolution along-scan
aggregation zones. For the
MOD res. case, specification of
a Negative value for the first
zone forces software to
geolocate unaggregated MOD
pixels. Capability required for
CalVal. Note that N_frame
should be consistent with
choice made here.

Frame number/ None
fixed set of values for
IMG and MOD

DNB_aggregation

int32/
(32,2)

The first column is the number
of samples occurring in each
DNB aggregation zone, and the
second column is the number
of along-scan photosites per
pixel for that zone. Values are
listed from aggregation zone 0
to 31, where Zone 0 is nadir.

Unitless/ None
fixed set of values

DNB_ag_zone_bounds

Int32/
(64, 3)

Frame number limits for the 32
DNB aggregation zones from
start of scan through nadir to
end of scan, and the
associated DNB aggregation
zone indices. Columns 0 & 1
are the lower and upper frame
numbers per zone,
respectively. Column 2
contains the associated
aggregation zone index, where
Index O corresponds to nadir
and Index 31 the edge of scan.

Units: None
Col 0 & 1: Frame Num
Col 2: Agg Zone Index
Valid Range:
Col 0 & 1: [0 4063]
Col 2: [0 - 31]

scan_ang_coef_tel

float64/
1

Scan angle coefficient for
telescope

Unitless/ None
Real number

scan_ang_coef_mirr

float64/
1

Scan angle coefficient for HAM

Unitless/ None
Real number

scan_ang_offsets

float64/
(1.2)

Scan angle offsets for
computing the sample scan
angle for mirror side 1 (element
0) and side 2 (element 1).

Radians/ None
[0 - 2x]

enc_scale

float64/
1

Scale factor for converting 14-
bit encoders to 16-bit
representation

Unitless/ None
Fixed Value

mirr_abs_limit

float64/
(1.2)

Mirror encoder time stamp
absolute limits in units of Scan-
Time counter ticks. This
parameter determines the valid
range for the mirror encoder
delta time stamp readings
(specifies the acceptable stable
scan rate range by limiting the
delta timestamp readings).

Scan-time counter None
ticks/
[875 — 885]

mirr_del_limit

float64/
1

Mirror encoder time stamp
delta limits in units of Scan-
Time counter ticks. This
parameter specifies the
maximum allowable difference
between adjacent mirror
encoder delta time stamp
readings (limits the
instantaneous changes in scan
rate).

Scan-time counter None
ticks/
<10
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Units/
Valid Range

tel_abs_limit

float64/

Telescope encoder time stamp

Scan-time counter None

(1,2) absolute limits in units of Scan- ticks/
Time counter ticks. This [875 — 885]
parameter determines the valid
range for the telescope
encoder delta time stamp
readings (specifies the
acceptable stable scan rate
range by limiting the delta
timestamp readings).
tel_del_limit float64/ Telescope encoder time stamp Scan-time counter None
1 delta limits in units of Scan- ticks
Time counter ticks. This <10
parameter specifies the
maximum allowable difference
between adjacent telescope
encoder delta time stamp
readings (limits the
instantaneous changes in scan
rate).
sample_impulse_mirr int32 / Mirror encoder pulses between Encoder pulses/ None
1 each encoder sample (= 2) Fixed Value
sample_impulse_tel int 32/ Telescope encoder pulses Encoder pulses/ None
1 between each encoder sample Fixed Value
(=4)
A_bit_adj int32/ Offset to convert from pseudo 16-bit encoder ticks/ None
(1,2) 15-bit to 16-bit encoders, [0to 1]
depending on if the Start-of-
Scan15-bit encoder is even or
odd [even adjust / odd adjust]
B_HAM_adj int32/ Offset for converting HAM 16-bit encoder ticks/ None
(1,2) encoders to absolute encoders [Oto 216]
depending on the HAM side
[HAM A adjust / HAM B adjust]
t_encoder float64/ Encoder data scale factor to Microseconds per None
1 convert from scan time counter | scan time counter tick/
ticks to time. [0.495624 — 0.495688]
mirr_side1_range float64/ Mirror side 1 angle range Radians/ None
(1,2) [-n — =]
alpha float64/ Mirror wedge angle a is the Radians/ None
1 non-parallelism of the HAM in <9.7e-5
the along-scan axis, and
creates an along-scan offset
between scans from mirror
sides 1 and 2.
beta float64/ Mirror wedge angle B is the Radians/ None
1 non-parallelism of the HAM in <9.7e-5
the along-track axis, and
creates an along-track offset.
gammaa float64/ Misalignment of the mirror Radians/ None
1 plane-of-symmetry (defined as [-4.85e-5 to 4.85e-5]
the plane midway between the
two mirror surfaces) to the
rotation axis (HAM motor axis)
T inst2sc float64/ 3x3 Instrument to Spacecraft Unitless/ None
(3,3) frame transformation matrix Real numbers
T_mirr2inst float64/ 3x3 Mirror to Instrument frame Unitless/ None
(3,3) transformation matrix Real numbers
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Units/
Valid Range

T_aft2inst

float64/

3x3 AFT to Instrument frame

Unitless/ None

1

(3,3) transformation matrix (this [-1to 1]
matrix includes Focal plane to
AFT frame transformation,
which is a 3x3 rotation matrix
with the scan velocity lag
angle)
T inst2SD float64/ 3x3 Instrument to Solar Unitless/ None
(3,3) Diffuser frame transformation [-2 to 2]
matrix
T_tel2inst float64/ 3x3 Telescope to Instrument Unitless/ None
(3,3) frame transformation matrix Real numbers
num_thermistor int32/ Number of thermistors currently N/A None
1 used for thermal correction. [0 — 26]
thermistor _id Uint8/ ID of thermistors used for Unitless/ None
(26,40) temperature corrections. Each N/A
ID or name corresponds to a
set of thermistor coefficients
listed in the thermistor_coeffs
parameter. The number of
items listed here should equal
num_thermistor.
thermistor_coeffs float64/ Set of coefficients used in a Unitless/ None
(26,6) conversion polynomial to derive Real numbers
a temperature from thermistor
readings. Each set
corresponds to a thermistor
name (see thermistor_id). The
number of items entered here
should equal num_thermistor.
(This parameter allows for 6
coefficients per thermistor).
Mag float64/ 3x3 telescope magnification Unitless/ None
3, 3) matrix, where the matrix [0-1]
contains the term 1/m. This
parameter is coupled with the
focal_length parameter (see
focal_length description).
basis_in float64/ 3x3 telescope entrance basis Unitless/ None
(3,3) matrix [0-1]
basis_out float64/ 3x3 telescope exit basis matrix Unitless/ None
(3.3) [0-1]
poly_coef_mirr float64/ Polynomial coefficients for Elem. 0: Radians None
(1,5) mirror encoder-to-angle Elem. 1: radians per
conversion. Assumes linear 16-bit encoder ticks/
relationship, so only first two Real numbers
coefficients are populated.
poly_coef_tel float64/ Polynomial coefficients for Elem. 0: Radians None
(2,5) telescope encoder-to-angle Elem. 1: radians per
conversion. Assumes linear 16-bit encoder ticks/
relationship, so only first two Real numbers
coefficients are populated.
tel_ref float64/ Telescope reference angle Radians/ None
1 [-r to «]
band_type Int32 Identifies band type: moderate Unitless/ None
(0), imagery (1), or DNB (2) [0-2]
num_detectors Int32 Number of detectors per band Unitless/ None
(depends on band type). [16 — 32]
poly_degree int32/ Degree of the polynomial for Unitless/ None

mirror encoder-to-angle
conversion

[1-4]
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Type/ e — Units/
Dimensions Description Valid Range
N_frame Unit16 Number of frames per scan Unitless/ None
(depends on band type) [3200 — 6400]
MIN_COS_VIEW float64/ . o Unitless/ None
1 This parameter specifies the [0—PI]

sensor zenith angle limit used
for flagging pixels as being
near the limb. If the sensor
zenith angle is greater than
MIN_COS_VIEW, the pixels
are flagged as being Near Limb

2.2.1.2 Outputs

The VIIRS SDR GEO code produces six non-gridded GEO products (DNB, MOD, MOD Unagg,
IMG, MOD terrain corrected, IMG terrain corrected) and two gridded GEO products (MOD and
IMG). For the six non-gridded GEO products, the data is output in both radians and degrees.
Either the radians geo product or the degrees geo product can be used by downstream
algorithms. The two gridded GEO outputs are used for internal processing only. The default grid
projection used by the Operational code is polar stereographic projection. The gridded GEO
outputs are used for the remapping of Imagery EDRs and can be used for remapping from the
VIIRS SDR to any map projection. See Sections 2.2.1.2.1 and 2.2.1.2.2 for associated
geolocation output data. All relevant Metadata associated with these output items is defined in
the CDFCB-X, Volume V.

Each non-gridded product contains the granule scan and pixel level data, as shown in Tables 9
through 12. Note that for MOD and IMG, the same structures are used for both terrain corrected
and non-terrain corrected products. In the terrain corrected products, the latitude and longitude,
and all of the pixel level products are adjusted for terrain.

Granule-Level quality flags (QF) (Automatic Quality and the Percent Missing) (note that these are
two of the name/value pair metadata QFs) apply to IMG, MOD and DNB bands and are defined
below:Automatic Quality QF:

1) HAM/RTA Encoder Flag: If the encoder flags are set to bad or degraded,
Automatic QF should be triggered.

2) HAM/RTA Encoder Flag: If the encoder data is missing, Automatic QF should be
triggered.

3) Missing E&A Flag: If E&A data is missing, Automatic QF should be triggered .

4) SAA flag - Automatic QF should NOT be triggered as this does not affect the geo
quality,

5) Eclipse flag - Automatic QF should NOT be triggered as this does not affect the
geo quality.

6) Bad pointing QF and Percent out of Bounds - if this is triggered Automatic QF
should be triggered.

7) Bad terrain and invalid solar angles QF - if these are triggered; the Automatic QF
should be triggered.

Percent Missing QF:
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This quality flag is a percentage summary of:
1) geo Scan Quality=missing, OR
2) scan-level Missing ephemeris or attitude QF is anything other than nominal

(there are 4 options)

Table 9 DNB Geolocation Output Structure

Type/Dimensions

Description

Units/Valid

Range

Scan Start Int64[VIIRS_RDR_SCANS] Scan start time, defined at the Microseconds -999
Time leading edge of the first Earth View 0<=
frame in IET scanStartTime
<= 1.00E+38
Scan Mid Time | Int64[VIIRS_RDR_SCANS] Mid Time of Scan in IET Microseconds -999
0<=
scanMidTime
<= 1.00E+38
Latitude Float32[DNB_VIIRS_SDR_ROWS] | Geodetic latitude of the VIIRS Degrees -999.9
[DNB_VIIRS_SDR_COLS] pixels -90° <= Latitude
<=90°
(positive to the
North)
Longitude Float32[DNB_VIIRS_SDR_ROWS] | Geodetic longitude of the VIIRS Degrees -999.9
[DNB_VIIRS_SDR_COLS] pixels -180° <=
Longitude <=
180°
(positive to the
East of
Greenwich)
SolarZenith Float32[DNB_VIIRS_SDR_ROWS] . . Degrees -999.9
[DNB_VIIRS_SDR_COLS] Solar zgmth angle relative to the 0° <=
VIIRS pixels measured from the Sol w
local vertical olarZenith <
180°
SolarAzimuth | Float32[DNB_VIIRS_SDR_ROWS] . . Degrees -999.9
[DNB_VIIRS_SDR_COLS] solar az_lmuth angle relative to the -180° <=
VIIRS pixels and measured from SolarAzimuth
the local North towards East <= 180°
satZen Float32[DNB_VIIRS_SDR_ROWS] | S/C zenith angle relative to the Degrees -999.9
[DNB_VIIRS_SDR_COLS] VIIRS pixels measured from the 0° <= satZen
local vertical <=180°
satAzm FIoa[tgil[gi\l\ﬁl_%/él_Rssﬁgf)lc?élfg]WS] S/C azir_nuth angle relative to the 3?3%262 -999.9
VIIRS pixels and measured from satAzm
the local North towards East <= 180°
LunarZenith Float32[DNB_VIIRS_SDR_ROWS] L . . Degrees -999.9
[DNB_VIIRS_SDR_COLS] unar zgnlth angle relative to the 0° <=
VIIRS pixels measured from the L o
local vertical unarZenith <=
180°
LunarAzimuth | Float32[DNB_VIIRS_SDR_ROWS] L . . Degrees -999.9
[DNB_VIIRS_SDR_COLS] unar a;muth angle relative to the -180° <=
VIIRS pixels and measured from L .
unarAzimuth
the local North towards East <= 180°
Height Float32[DNB_VIIRS_SDR_ROWS] | Difference between ellipsoid and Meters -999.9
[DNB_VIIRS_SDR_COLS] geoid heights -150 <= Height
<= 150
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Fill

Range Value

Range Float32[DNB_VIIRS_SDR_ROWS] | The distance from the ground Meters -999.9
[DNB_VIIRS_SDR_COLS] position represented by the pixel to 800000<=
the S/C Range
<=2000000
S/C Position Float32[VIIRS_RDR_SCANS][3] S/C Position in ECR coordinates at Meters -999.9
mid-scan time -7.46E+06 <=
Position
<=7.46E+06
S/C Velocity Float32[VIIRS_RDR_SCANS][3] S/C Velocity in ECR coordinates at Meters/sec -999.9
mid-scan time -6600<=
Velocity <=6600
S/C Attitude Float32[VIIRS_RDR_SCANS][3] | S/C Attitude (roll, pitch, yaw) Arcseconds -999.9
computed at mid-scan time. The -648000 <=
roll, pitch, and yaw angles can be Attitude <=
used to create a direction cosine 648000
matrix that rotates the S/C
coordinates to the Orbit Frame
coordinates”.
S/C Solar Float32[VIIRS_RDR_SCANS] Solar zenith angle with respect to Degrees -999.9
Zenith the solar diffuser reference frame 0 <= scSunZen
z-axis, where the SD z-axis is <=180
normal to the SD surface.
S/C Solar Float32[VIIRS_RDR_SCANS] Solar azimuth angle measured Degrees -999.9
Azimuth counterclockwise about the solar -180 <=
diffuser reference frame z-axis with scSunZen <=
respect to the solar diffuser x-axis 180
(with positive z-axis towards the
observer)
moon_phase Float32 Angle between ray vector from the Degrees -999.9
moon to earth and ray vector of 0<=
moon to sun. moon_phase <=
180
mi_frac Float32 Fraction of the moon illuminated No units -999.9
(expressed as percent) 0.0 <= mi_frac
<= 100
scan_mode Uint8[VIIRS_RDR_SCANS] The VIIRS operational mode, None 255
reported at the scan level. 0=Night; 1=Day;
(Refer to Table 30.) 2=Mixed
mode Uint8 The VIIRS operational mode, None 255
reported at the granule level. 0=Night; 1=Day;
(Refer to Table 30.) 2=Mixed
act_scans Int32 Actual number of VIIRS scans that 0 <= act_scans -999
were used to create this granule. <=48
scanQuality Uint8[VIIRS_RDR_SCANS] Scan-level quality flags See QF1in None
Table 13
Scan_Quality1 Uint8[VIIRS_RDR_SCANS] Scan-level quality flags See QF2in None
Table 13
PixelQuality Int8[DNB_VIIRS_SDR_ROWS] Quality flags See Table 14 None
[DNB_VIIRS_SDR_COLS]

' The Orbit Frame is defined as follows: the Orbit Frame z-axis is determined from the ECR position of the
spacecraft. The initial vector is from the ECR position of the spacecraft to geodetic nadir. The ECR
geodetic nadir vector is converted to ECI J2000 and converted to a unit vector. The ECR S/C velocity
vector is converted to ECI J2000 coordinates, and the y-axis of the Orbit Frame is determined by calculating
the following vector cross product: Orbit Frame z-axis X S/C velocity vector in ECI J2000. The result is
then converted to a unit vector. The Orbit Frame x-axis is computed by taking the vector cross product of
the y-axis and z-axis (y-axis X z-axis).
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Scan Start Int64[VIIRS_RDR_SCANS] Scan start time, defined at the Microseconds
Time leading edge of the first Earth View 0<=
frame in IET scanStartTime
<= 1.00E+38
Scan Mid Int64[VIIRS_RDR_SCANS] Mid Time of Scan in IET Microseconds -999
Time 0<=
scanStartTime
<= 1.00E+38
Latitude Float32[MOD_VIIRS_SDR_ROWS] | Geodetic latitude of the VIIRS Degrees -
[MOD_VIIRS _SDR_COLS] pixels -90° <= Latitude | 999.9
<=90°
(positive to the
North)
Longitude Float32[MOD_VIIRS_SDR_ROWS] | Geodetic longitude of the VIIRS Degrees -
[MOD_VIIRS_SDR_COLS] pixels -180° <= 999.9
Longitude <=
180°
(positive to the
East of
Greenwich)
SolarZenith Float32[MOD_VIIRS_SDR_ROWS] Solar zenith angle relative to the Degrees -
[MOD_VIIRS_SDR_COLS] VIIRS pixel 0<= 999.9
pixels measured from the Sol e
local vertical olarZenith <
180
SolarAzimuth | Float32[MOD_VIIRS_SDR_ROWS] solar azimuth angle relative to the Degrees -
[MOD_VIIRS_SDR_COLS] VIIRS pixel d df -180 <= 999.9
pixels and measured from SolarAzimuth
the local North towards East <= 180
satZen Float32[MOD_VIIRS_SDR_ROWS] | S/C zenith angle relative to the Degrees -
[MOD_VIIRS_SDR_COLS] VIIRS pixels measured from the 0° <= satZen 999.9
local vertical <=180°
satAzm Float32[MOD_VIIRS_SDR_ROWS] | S/C azimuth angle relative to the Degrees -
[MOD_VIIRS_SDR_COLS] VIIRS pixels and measured from -180 <= satAzm | 999.9
the local North towards East <=180
Height Float32[MOD_VIIRS_SDR_ROWS] | Ellipsoid-geoid separation for non- Meters -
[MOD_VIIRS_SDR_COLS] terrain corrected Geo, and the -150 <= Height | 999.9
height is the terrain height above <=150
the MSL for terrain corrected Geo
Range Float32[MOD_VIIRS_SDR_ROWS] | The distance from the ground Meters -
[MOD_VIIRS_SDR_COLS] position represented by the pixel to 800000<= 999.9
the S/C Range
<=2000000
S/C Position Float32[VIIRS_RDR_SCANS][3] S/C Position in ECR coordinates at Meters -
mid-scan time -7.46E+06 <= 999.9
Position
<=7.46E+06
S/C Velocity Float32[VIIRS_RDR_SCANS][3] S/C Velocity in ECR coordinates at Meters/sec -
mid-scan time -6600<= 999.9
Velocity <=6600
S/C Attitude Float32[VIIRS_RDR_SCANS][3] S/C Attitude (roll, pitch, yaw) Arcseconds -
computed at mid-scan time. The -648000 <= 999.9
roll, pitch, and yaw angles can be Attitude <=
used to create a direction cosine 648000
matrix that rotates the S/C
coordinates to the Orbit Frame
coordinates (see Footnote 1).
S/C Solar Float32[VIIRS_RDR_SCANS] Solar zenith angle with respect to Degrees -
Zenith the solar diffuser reference frame 0 <=scSunZen | 999.9
z-axis, where the SD z-axis is <=180
normal to the SD surface.
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S/C Solar Float32[VIIRS_RDR_SCANS] Solar azimuth angle measured Degrees -
Azimuth counterclockwise about the solar -180 <= 999.9
diffuser reference frame z-axis with scSunZen <=
respect to the solar diffuser x-axis 180
(with positive z-axis towards the
observer)
scan_mode Uint8[VIIRS_RDR_SCANS] The VIIRS operational mode, None 255
reported at the scan level. 0=Night; 1=Day;
(Refer to Table 30.) 2=Mixed
mode Uint8 The VIIRS operational mode, None 255
reported at the granule level. 0=Night; 1=Day;
(Refer to Table 30.) 2=Mixed
act_scans Int32 Actual number of VIIRS scans that 0 <= act_scans -999
were used to create this granule. <=48
scanQuality Uint8[VIIRS_RDR_SCANS] Scan-level quality flags See QF1in none
Table 13
Scan_Quality1 Uint8[VIIRS_RDR_SCANS] Scan-level quality flags See QF2in None
Table 13
pixelQuality Int8[MOD_VIIRS_SDR_ROWS] Pixel-level quality flags See Table 14 none
[MOD_VIIRS SDR _COLS]

Table 11 Unaggregated MOD Geolocation Output Structure

Type/Dimensions

Description

Units/Valid

Range

Scan Start Int64[VIIRS_RDR_SCANS] Scan start time, defined at the Microseconds -999
Time leading edge of the first Earth View 0<=
frame in IET scanStartTime
<= 1.00E+38
Scan Mid Int64[VIIRS_RDR_SCANS] Mid Time of Scan in IET Microseconds -999
Time 0<=
scanStartTime
<= 1.00E+38
Latitude Float32[MOD_VIIRS_SDR_ROWS] | Geodetic latitude of the VIIRS Degrees -
[MOD_UA VIIRS_SDR_COLS] pixels -90° <= Latitude | 999.9
<=90°
(positive to the
North)
Longitude Float32[MOD_VIIRS_SDR_ROWS] | Geodetic longitude of the VIIRS Degrees -
[MOD_UA _VIIRS_SDR_COLS] pixels -180° <= 999.9
Longitude <=
180°
(positive to the
East of
Greenwich)
SolarZenith Float32[MOD_VIIRS_SDR_ROWS] Solar zenith angle relative to the Degrees -
[MOD_UA _VIIRS_SDR_COLS] VIIRS pixel d f 0<= 999.9
pixels measured from the o
. SolarZenith <=
local vertical 180
SolarAzimuth | Float32[MOD_VIIRS_SDR_ROWS] solar azimuth angle relative to the Degrees -
[MOD_UA _VIIRS_SDR_COLS] VIIRS pixel -180 <= 999.9
pixels and measured from SolarAzimuth
the local North towards East <= 180
satZen Float32[MOD_VIIRS_SDR_ROWS] | S/C zenith angle relative to the Degrees -
[MOD_UA _VIIRS_SDR_COLS] VIIRS pixels measured from the 0° <= satZen 999.9
local vertical <=180°
satAzm Float32[MOD_VIIRS_SDR_ROWS] | S/C azimuth angle relative to the Degrees -
[MOD_UA _VIIRS_SDR_COLS] VIIRS pixels and measured from -180 <= satAzm | 999.9
the local North towards East <= 180
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Height Float32[MOD_VIIRS_SDR_ROWS] | Difference between ellipsoid and Meters -
[MOD_UA _VIIRS_SDR_COLS] geoid heights -150 <= Height | 999.9
<= 150
Range Float32[MOD_VIIRS_SDR_ROWS] | The distance from the ground Meters -
[MOD_UA_VIIRS_SDR_COLS] position represented by the pixel to 800000<= 999.9
the S/C Range
<=2000000
S/C Position Float32[VIIRS_RDR_SCANS][3] S/C Position in ECR coordinates at Meters -
mid-scan time -7.46E+06 <= 999.9
Position
<=7.46E+06
S/C Velocity Float32[VIIRS_RDR_SCANS][3] S/C Velocity in ECR coordinates at Meters/sec -
mid-scan time -6600<= 999.9
Velocity <=6600
S/C Attitude Float32[VIIRS_RDR_SCANS][3] S/C Attitude (roll, pitch, yaw) -648000 <= -
computed at mid-scan time. The Attitude <= 999.9
roll, pitch, and yaw angles can be 648000
used to create a direction cosine
matrix that rotates the S/C
coordinates to the Orbit Frame
coordinates (see Footnote 1).
S/C Solar Float32[VIIRS_RDR_SCANS] Solar zenith angle with respect to Degrees -
Zenith the solar diffuser reference frame 0 <=scSunZen | 999.9
z-axis, where the SD z-axis is <=180
normal to the SD surface.
S/C Solar Float32[VIIRS_RDR_SCANS] Solar azimuth angle measured Degrees -
Azimuth counterclockwise about the solar -180 <= 999.9
diffuser reference frame z-axis with scSunZen <=
respect to the solar diffuser x-axis 180
(with positive z-axis towards the
observer)
scan_mode Uint8[VIIRS_RDR_SCANS] The VIIRS operational mode, None 255
reported at the scan level. 0=Night; 1=Day;
(Refer to Table 30.) 2=Mixed
mode Uint8 The VIIRS operational mode, None 255
reported at the granule level. 0=Night; 1=Day;
(Refer to Table 30) 2=Mixed
act_scans Int32 Actual number of VIIRS scans that 0 <= act_scans -999
were used to create this granule. <=48
scanQuality Uint8[VIIRS_RDR_SCANS] Scan-level quality flags See QF1in none
Table 13
Scan_Quality1 Uint8[VIIRS_RDR_SCANS] Scan-level quality flags See QF2in None
Table 13
pixelQuality Int8[MOD_VIIRS_SDR_ROWS] Pixel-level quality flags See Table 14 none

[MOD_UA VIIRS_SDR_COLS]

Output

Table 12 IMG Geolocation Output Structure

Type/Dimensions

Description

Units/Valid

Range

Scan Start Int64[VIIRS_RDR_SCANS] Scan start time, defined at the Microseconds
Time leading edge of the first Earth View 0<=

frame in IET scanStartTime

<= 1.00E+38

Scan Mid Int64[VIIRS_RDR_SCANS] Starting Time of Scan in IET Microseconds -999

Time 0<=

scanStartTime

<= 1.00E+38
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Latitude Float32[IMG_VIIRS_SDR_ROWS] | Geodetic latitude of the VIIRS pixels Degrees -999.9
[IMG_VIIRS_SDR_COLS] -90° <= Latitude
<=90°
(positive to the
North)
Longitude Float32[IMG_VIIRS_SDR_ROWS] | Geodetic longitude of the VIIRS Degrees -999.9
[IMG_VIIRS_SDR_COLS] pixels -180° <=
Longitude <=
180°
(positive to the
East of
Greenwich)
SolarZenith Float32[IMG_VIIRS_SDR_ROWS] Solar zenith angle relative to the Degrees -999.9
[IMG_VIIRS_SDR_COLS] VIIRS pixel d 0<=
pixels measured from the s o
local vertical olarZenith <=
180
SolarAzimuth | Float32[IMG_VIIRS_SDR_ROWS] solar azimuth angle relative to the Degrees -999.9
[IMG_VIIRS_SDR_COLS] VIIRS pixel d df -180 <=
pixels and measured from the s .
olarAzimuth
local North towards East <= 180
satZen Float32[IMG_VIIRS_SDR_ROWS] | S/C zenith angle relative to the Degrees -999.9
[IMG_VIIRS_SDR_COLS] VIIRS pixels measured from the 0° <= satZen
local vertical <=180°
satAzm Float32[IMG_VIIRS_SDR_ROWS] | S/C azimuth angle relative to the Degrees -999.9
[IMG_VIIRS_SDR_COLS] VIIRS pixels and measured from the | -180 <= satAzm
local North towards East <=180
Height Float32[IMG_VIIRS_SDR_ROWS] | Ellipsoid-geoid separation for non- Meters -999.9
[IMG_VIIRS_SDR_COLS] terrain corrected Geo, and the -150 <= Height
height is the terrain height above <=150
the MSL for terrain corrected Geo
Range Float32[IMG_VIIRS_SDR_ROWS] | The distance from the ground Meters -999.9
[IMG_VIIRS_SDR_COLS] position represented by the pixel to 800000<=
the S/C Range
<=2000000
S/C Position Float32[VIIRS_RDR_SCANS][3] | S/C Position in ECR coordinates at Meters -999.9
mid-scan time -7.46E+06 <=
Position
<=7.46E+06
S/C Velocity Float32[VIIRS_RDR_SCANS][3] | S/C Velocity in ECR coordinates at Meters/sec -999.9
mid-scan time -6600<=
Velocity <=6600
S/C Attitude Float32[VIIRS_RDR_SCANS][3] | S/C Attitude (roll, pitch, yaw) Arcseconds -999.9
computed at mid-scan time. The -648000 <=
roll, pitch, and yaw angles can be Attitude <=
used to create a direction cosine 648000
matrix that rotates the S/C
coordinates to the Orbit Frame
coordinates (see Footnote 1).
S/C Solar Float32[VIIRS_RDR_SCANS] Solar zenith angle with respect to Degrees -999.9
Zenith the solar diffuser reference frame z- | 0 <= scSunZen
axis, where the SD z-axis is normal <=180
to the SD surface.
S/C Solar Float32[VIIRS_RDR_SCANS] Solar azimuth angle measured Degrees -999.9
Azimuth counterclockwise about the solar -180 <=
diffuser reference frame z-axis with scSunZen <=
respect to the solar diffuser x-axis 180
(with positive z-axis towards the
observer)
scan_mode Uint8[VIIRS_RDR_SCANS] The VIIRS operational mode, None 255
reported at the scan level. 0=Night; 1=Day;
(Refer to Table 30.) 2=Mixed
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Output Units/Valid Fill

Type/Dimensions Description

Range Value

mode Uint8 The VIIRS operational mode, None 255
reported at the granule level. 0=Night; 1=Day;
(Refer to Table 30) 2=Mixed
act_scans Int32 Actual number of VIIRS scans that 0 <= act_scans -999
were used to create this granule. <=48
scanQuality Uint8[VIIRS_RDR_SCANS] Scan-level quality flags See QF1in None
Table 13
Scan_Quality1 Uint8[VIIRS_RDR_SCANS] Scan-level quality flags See QF2in None
Table 13
pixelQuality Int8[IMG_VIIRS_SDR_ROWS] Pixel-level quality flags See Table 14 None
[IMG _VIIRS_SDR _COLS]
Table 13 Scan Level Geolocation Quality Bytes
Byte Bit Flag Description Result
QF1 0-1 Interpolation Stage 0: Nominal — E&A data available
1: Missing data <= Small gap
2: Small gap < Missing data <= Granule boundary
3: Missing data > Granule boundary
2-3 HAM/RTA Encoder Flag 0: Good data — all encoder data is valid
1: Bad data — either HAM encoders, RTA encoders or
both corrupted for the entire scan
2: Degraded data — either HAM encoders, RTA
encoders or both are corrupted within the scan.
3: Missing data — Missing encoder data for the scan
(dropped engineering packets)
4 Above South Atlantic 0: False
Anomaly 1: True
5 Solar Eclipse 0: False
1: True
6 Lunar Eclipse (DNB only) 0: False
1: True
7 HAM Side 0: Mirror Side A
1: Mirror Side B
QF2 0-1 Scan Controller Electronics | 0: Both sides powered off
(SCE) Side 1: Side A power on
2: Side B power on
3: Invalid side (this should never occur)
4-7 Spare
Table 14 Pixel Level Geolocation Quality Byte
Bit Flag Description Result ‘

0 Input Quality indicates
whether any of the S/C
ephemeris or attitude data is
invalid or the encoder data is
invalid

0: Input valid
1: Input invalid

1 Pointing indicates that the
sensor Line of Sight does
not intersect the geoid, is
near the limb, or has invalid
sensor angles.

0: Pointing good
1: Pointing bad

Check the JPSS MIS Server at https://jpssmis.gsfc.nasa.gov/frontmenu_dsp.cfm to verify that this is the correct version prior to use.
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the solar angles are good or

2 Terrain indicates that the . :
algorithm could not obtain a ?: Ierra!n gogd
valid terrain value. - lerrain ba

3 Solar Angle indicates that

0: Solar angle good

bad.

1: Solar angle bad

2.2.1.2.1 Geolocation Gridded Outputs

In addition to the Granule and Scan level data specified in Tables 9 — 12, each gridded product
contains map data defined in Table 15, plus the pixel level data listed in Table 16 and Table 17.

Table 15 Map Data Set (mds_type) (Geolocation)

Type/Dimensions

Description

Units/Valid Range

Fill Value

grid_type Int16 identifies which map 11=std Mercator, none
projection is being used cylindrical, coaxial
21=Polar Stereographic,
Northern Hemisphere
25=Polar Stereographic,
Southern Hemisphere
31=Lambert Conformal
Conic, Tangent cone,
Northern Hemisphere
35=Lambert Conformal
Conix, Tangent cone,
Southern Hemisphere
41=Lambert Conformal
Conic, Secant cone,
Northern Hemisphere
45=Lambert Conformal
Conic, Secant cone,
Southern Hemisphere
51=Cylindrical Equidistant
61=Northern Polar
Azmuthal Equidistant
65=Southern Polar
Azmuthal Equidistant
wedge_rotation Int16 used for Lambert 1=up,2=left,3=down,4=right | none
Conformal Conic,
position of the empty
wedge
mds_num Int32 id number of mds, not unitless none
used by NPOESS
system
stan_lat1 Float64 first std latitude radians/-pi/2 to +pi/2 none
stan_lat2 Float64 2" std latitude, needed radians/-pi/2 to +pi/2 none
for Lambert Conformal
Conics, secant cone
projections
base_lon Float64 base longitude of the X- radians/-pi to +pi none
Y coordinate system
grid_inc_constant Float64 determines scaling and unitless none
grid sizes
grid_inc_c2 Float64 2" constant of same unitless none
purpose, needed in
cylindrical equidistant
grid_exponent Float64 needed for Lambert unitless none
projections
grid_constant_A Float64 needed for Lambert unitless none

Check the JPSS MIS Server at https://jpssmis.gsfc.nasa.gov/frontmenu_dsp.cfm to verify that this is the corre