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OV-1 JPSS Ground Systems
High Level Operational Concept
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Introduction — Modeling the
JPSS GS Architecture with DoDAF 2

The JPSS Ground System (GS) is a complex, globally operated environmental
satellite control, data retrieval, data processing, anJenvironmentaI data
product distribution system. Items oPcompIeXIty include a large number of:

— stakeholders,

— project processes,

— relationships with development contractors, and

— architectural modernization.

The JPSS Ground Project (GP) uses the Department of Defense Architecture
Framework version 2.0 (DoDAF 2.0) to manage and coordinate the GS
development by identifying:

— JPSS GS organizational structure and performers;

— actions performed by the organizational entities;

— information that must flow among the entities; the systems, functions, and actions that
enable realization of the JPSS capabilities; and,

— information and data exchanged among performers and systems.

This presentation focuses on the processes for providing the Sensor Data
Records (SDRs) and Environmental Data Records (EDRs) that are reduced
from the satellite data and distributed to the program customers.

— A global view of the JPSS GS architecture is given in “Defining the Complex JPSS

Ground System in Pieces Using DoDAF 2.0 as Implemented with UPDM”, a paper
presented at the AIAA Space 2012 in Pasadena, CA.



Using DoDAF 2 with UPDM 2 to
Describe JPSS Data Reduction Processes

In our presentation, a satellite’s data is arriving at the Integrated Data Processing
System (IDPS) in the NOAA Satellite Operations Facility (NSOF) in Suitland, MD.

The systems views needed to describe how the IDPS processes the data are those
prescribed by the DoDAF 2 Systems Viewpoint (SV) SV-4 diagrams and SV-6 tables.

— There are 2 types of SV-4 diagrams: the System Functionality Description describes the
hierarchy of systems and system Functions

— while the System Functionality Flow Description shows how the data flows through each
system function action that processes the data.

— Each SV-6 System Resource Flow Matrix line item is a tabular description of each data
element exchange between two system function actions in the companion SV-4 flow
diagram.

The DoDAF 2 views are presented using the Unified Profile for DoDAF and MODAF
version 2.0 (UPDM 2).
— The modeling tool used is MagicDraw UML version 17.0.3 with UPDM 2 version 17.0.3.
— DoDAF 2 was selected when JPSS was initiated to take over for the NPOESS program



SV-4 System Functionality
Description Diagrams

* Provide hierarchical views of the systems with their included
functions.

* Documentation of the systems and functions are captured in the
properties of those systems and functions.

« Show the lower level system and software functions used to
process the data captured by the JPSS Project.

» Identify the system and software functional process flows that
generate each deliverable data product.

* Assist in Systems Engineering requirements tracking.

« Identify the lower level specifications and verification plans
defined in the Software Requirements Specification (SRS) that
govern the JPSS data products.

* Identify the software algorithms contained in the lower level
specifications
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SV-4 System Functionality Description,

ADL Full Hierarchy (1)

SV-4 Systems Functionality Description [

SV-4a ADL Full Hierarchy for CAS p 1 ]/l

|cms Sensor Functions (gridding/gran) (SRS 11)

|vns Gridding/Gran |

lcns Gridding/Gran |

|ours Gridding/Gran |

AN
VIIRS Global/Rolling 5-km NBAR NDVI Gridded IP
VIIRS Gridded Snow/Ice Cover IP (called VIIRS
Surface Ice Cover in LIRDS)
VIIRS Gridded Snow/Ice Cover IP (750m Gran)
(called VIIRS Snow/Ice Cover Gridded RIP Format in
L1RDS)
VIIRS Gridded Monthly Brightness Temperatures,
Surface Reflectance & Vegetation Index IP

|Crou Platform Functions (advection) (SRS 12)

|commmuy Radiative Transfer Model (SRS 36) | ]

IR Ozone Profile (CrlS) EDR

CrIS Atmospheric Vertical Moisture Profile Line-of-Sight Infrared IP

CrIS Atmospheric Vertical Moisture Profile Line-of-Sight Microwave IP
CrlS Atmospheric Vertical Temperature Profile Line-of-Sight Infrared IP
CrlS Atmospheric Vertical Temperature Profile Line-of-Sight Microwave IP
CrlS Cloud Cleared Radiances IP

CrlS Infrared Surface Emissivity IP

CrlS Microwave Surface Emissivity IP

CrlS Skin Temperature IP

Head in the Clouds
Data Router from ? ?
SDR to EDR KPP Related Atmospheric
Generators
Atmospheric Temp and Moisture Vertical Profiles (SRS 16)| [Aerosol Products (SRS 15) |
Support Functions . |
B Aerosol Optical Thickness EDR
CriIMSS Atmospher?c Verﬁcal Moisture Profile (AVMP) EDR Aerosol Particle Size Parameter EDR
| Annllry Data Handling (SRS 9) | CrIMSS Atmospheric Vertical Temperature Profile (AVTP) EDR

Suspended Matter EDR
VIIRS Aerosol Model Information IP
VIIRS Aerosol Optical Thickness IP

|vns Imagery (SRS 35)

VIIRS Imagery EDR:

VIIRS Imagery Bands 01-05 EDRs

VIIRS 1st-6th M Band Imagery EDRs
VIIRS Near Constant Contrast Imagery EDR

Ozone Nadir Profile (SRS 27)

|

Ozone Nadir Profile EDR
Nadir Profile Averaging Kernels IP

Ozone Total Column (SRS za)|

|

Nadir Total Column Ozone First Guess IP
Ozone Total Column EDR

Omnunb(snszs)l_ . A 5

Ozone Limb Profile EDR
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SV-4 Systems Functionality Description [ E] SV-4a ADL Full Hierarchy for CAS p 2 U

Head in the Clouds
? ? " T
Cloud Radiation Budget Ocean/Water
[
Cloud Mask (SRS 14) |
[Earth Radiation Products (SRS 32) Ocean Color/Chiorophyll (SRS 30)|
l T
|
B EDR Outgoing Longwave Radiation EDR
Reflected Solar Radiation EDR Ocean Color and Chiorophyll EDR
Cloud Optical Properties (SRS 17)
Surface Albedo (SRS 24)
| Sea Surface Temperature (SRS 40) |
|
VIIRS Cloud Optical Properties |
VIIRS Ice & Night Water Cloud Top Temperature IP Surface Albedo EDR
VIIRS Gridded Land Surface Albedo Gridded IP PR ace Tarperaiure ED[%’
Cloud Physical Properties (SRS 19) |
| Land Cryosphere (SRS 21)|
VIIRS Cloud Cover-Type IP I
\ém’ gz’d;a." f‘:'gé‘: = VIIRS Ice Weights IP
e He :
Cloud CoverILa'gers EDR |Mﬂv. Fires (SRS 13) | Surface Type (SRS 23) VIIRS Ice Quality Flags IP
Cloud Effective Particle Size EDR VIIRS Surface Temperature IP (actually Ice Surf Temp 1st Guess)
Cloud Optical Thickness EDR | VIIRS Ice Concentration IP
Cloud Top Height EDR VIIRS Ice Reflectance/Temperature IP
Cloud Top Pressure EDR Active Fires EDR Quarterly Surface Type EDR Ice Surface Temperature EDR
Cloud Top Temperature EDR Surface Type EDR Sea Ice Characterization EDR
VIIRS Cloud Base Height IP
VIIRS Cloud Top Parameters IP Surface Reflectance (SRS 18) |
VIIRS Parallax Corrected Cloud Mask IP Land Surface Temperature (SRS 25)
VIIRS Parallax Corrected Cloud Optical Properties IP |
VIIRS Parallax Corrected Cloud Top Parameters IP |
VIIRS Surface Reﬂectance%
Land Surface Temperature EDR
Vegetation Index (SRS 22)| [Snow Cover (SRS 39)|

Vegetation Index EDR

Snow Cover Binary Map and Snow Fraction ED%




. SV-4 System Functionality Description,
Sensor Data Record (SDR) Hierarchy
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SV-4 Systems Functionality Description [ SV-4a ADL SDR Hierarchy for CAS]/[
| Head in the Clouds |
Flow Data from ? RDR/SDR/TDR Data Router
S/C into from SDR to
Analysis System EDR Generators
Support Functions ATMS RDR/SDR/TDR (SRS z)| OMPS TC RDR/SDR (SRS 4) |
| |
Ancillary Data Handling (SRS 9)
ATMS Diagnostic RDR OMPS Nadir Total Column Diagnostic Calibration RDR
ATMS Dwell RDR OMPS Nadir Total Column Diagnostic Earth View RDR
Geolocation and S/C Orientation (SRS 10) ATMS Memory Dump RDR OMPS Nadir Total Column Calibration RDR
ATMS Telemetry RDR OMPS Nadir Total Column Science RDR
| ATMS Science RDR OMPS Nadir Total Column Calibration SDR
ATMS Science SDR OMPS Nadir Total Column Science SDR
ATMS Science TDR OMPS TC Geolocation IP
e gggxggg b{jﬁi’_"i%&%in B e ATMS Geolocation IP OMPS TC Calibration Geolocation IP
RDR ATMS Remapped to CrlS SDR
NPP Spacecraft - Telemetry RDR
NPP Spacecraft Diary — Attitude and Ephemeris RDR
Spacecraft GCOM-W1 — Attitude and Ephemeris CriS RDR/SDR (SRS 3)| |WPS NP RDR/SDR (SRS 5)
RDR
Spacecraft GCOM-W1 — Telemetry RDR | |
AN AN
CrlS Diagnostic RDR OMPS Dwell RDR
CrlS Housekeeping Dwell RDR OMPS Flight Software Bootup Status RDR
CrlS Interferogram Module (IM) Dwell RDR OMPS Memory Dump RDR
CrlS Scene Selection Module (SSM) Dwell OMPS Nadir Profile Diagnostic Calibration RDR
AMSR- RDR OMPS Nadir Profile Diagnostic Earth View RDR
B SRS 7) CrlS Memory Dump RDR OMPS Telemetry RDR
CrlS Telemetry RDR OMPS Nadir Profile Science RDR
| CrlS Science RDR OMPS Nadir Profile Calibration RDR
CrlS Science SDR: LWIR, MWIR, and SWIR OMPS Nadir Profile Calibration SDR
Advanced Microwave Scanning Radiometer 2 (AMSR2) - bands OMPS Nadir Profile Science SDR
Science RDR CrlS Geolocation IP OMPS NP Geolocation IP
Advanced Microwave Scanning Radiometer 2 (AMSR2) - CrlS Terrain Corrected Geolocation IP OMPS NP Calibration Geolocation IP
Telemetry RDR
VIIRS RDR/SDR (SRS 6) |0WS Limb RDR/SDR (SRS 37)
CERES RDR/SDR (SRS 8) |
|
AN ‘ N
| ) 4 OMPS Limb Profile Diagnostic Calibration RDR
z::;g ?é?g;g;"yc;g) T‘ ostic ROR OMPS Limb Profile Diagnostic Exposure #1 Earth View RDR
CERES Diagnostic RDR 9 OMPS Limb Profile Diagnostic Exposure #2 Earth View RDR
CERES Telemetry RDR RSO mpROR OMPS Limb Profile Calibration RDR
CERES Science RDR ey ROR OMPS Limb Profile Science RDR
CERES SDR TOA Total 3 Block 3 OMPS Limb Profile Calibration SDR
Radiance LS Dy IR S Block 3 OMPS Limb Profile Science SDR
CERES SDR TOA SW Radiance VIIRS Imagery Bands 01-05 SDRs
: VIIRS Moderate Resolution Bands 01-16 SDRs
CERES SDR TOA LW Radiance VIIRS Bright Pixel IP
VIIRS On-Board Calibrator IP
|13|s RDRI/SDR (SRS 38) VIIRS Un-Aggregated 750m Dual-Gain Band Geo RIP
VIIRS Solar Diffuser History
| VIIRS Calibrated Dual-Gain Band IP
VIIRS 375m Geolocation IP
VIIRS 750m Geolocation IP
B Soocrum VIIRS DNB Geolocation IP
R P VIIRS 375m Terra@n Corrected Geolocation IP
Solar Spectral Irradiance VIIRS 750m Terrain Corrected Geolocation IP 8




4@ SV-4 System Functionality Description,
Full Hierarchy (1- Left)
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SV-4 Systoms Functionality Description [ 5 SV-4a ADL Ful Hierarchy ] On this di : Every SRS ), Every ADL function (yellow), and Every OAD after SDR generation. Deliverable products are i red boxes below the SRS's which create them.

‘The simiar diagram for SDR generation includes the remaining SRS's and functions.
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Full Hierarchy (2- Right)

SV-4 System Functionality Description,




SV-4 System Functionality
Flow Diagrams

Used to describe system and software functional process flow to assist
management and end user understanding of end product production.

Inputs, outputs, and interdependencies are shown for each software process.

Each horizontal swim lane is a system identified by the specification in the
swim lane header
— Input data flows from the top processes to each specification’s swim lane.

— The data production process flows from FunctionAction (software object) to
FunctionAction to produce each swim lane’s data products

— The deliverable products are at the far right of each swim lane.

The SDR flow shows the analysis chain through SDRs, and the EDR flow
shows the remainder of the chain through to the data products to be
delivered to the Comprehensive Large Array-data Stewardship System,
(CLASS).

— Analysis of the interdependencies among the systems, software, and functional flows
help to identify downstream impacts when considering the scope of proposed changes
or product degradation.
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FPredictedLut, Moderate_Band12,
Y DnbFPredictedLut, Moderate_Band13,
Ganlut Moderate_Band14,
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N7 N W— RiaErlut _Band16 A Moderate_Band01,
Y ObcErLut, Moderate_Band02,
v ObcRrLut, VIIRS-BP-FlagThreshold-LUT, Moderate_Band03,
EbbtLut, VIIRS-BP-PSF-MOD-LUT, Moderate_Band04,
TeleCoeffs, VIIRS-BP-SUB-RADIANCE-LUT, A Moderate_Band05,
VIIRS-BRIGHT-PIXEL-AC-Int
e LVIIRS-BRIGHT-PIXEL-MOD-IP mg:ﬁ:gm
ObsToPixelsLut, Moderate_Band08,
\__ A A VIRS SOLAR DIFF VOLT LUT VIIRS-SCIENCE-RDR A Moderate_Band09,
RadiometricParameters, SPACECRAFT-DIARY-RDR A  Geolocation_Img, Moderate_Band10,
O v M A st Geolocation_Mod, Moderate_Band11,
— Emissivelut, Qalut, Geolocation_Mod_UA, Moderate_Band12,
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3 Y VIIRS-M6-SDR-DQTT, VIRS-SCIENCE-RD GeoObclp VIIRS-14-SDR-DQN,
£ VIIRS-M7-SDR-DQTT, VIIRS-I5-SDR-DQN,
VIIRS-M8-SDR-DQTT, VIIRS-M1-SDR-DQN,
VIIRS-M9-SDR-DQTT. SPACECRAFT-DIARY-RDR VIIRS-M2-SDR-DQN,
VIIRS-M10-SDR-DQTT, VIIRS-SCIENCE-RDR VIIRS-M3-SDR-DQN,
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Y VIIRS-M12-SDR-DQTT, VIIRS-M5-SDR-DQN,
VIIRS-M13-SDR-DQTT, VIIRS-M6-SDR-DQN,
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VIIRS-14-SDR-DQTT, SolariradLut, VIIRS-M13-SDR-DQN,
VIIRS-I5-SDR-DQTT CoeffALut, VIIRS-M14-SDR-DQN,
— CoefBLAL, VIIRS-M15-SDR-DQN,
GainLut, VIIRS-M16-SDR-DQN,
SOLAR_DIFF_REFLECTANCE_LUT, VIIRS-DNB-SDR-DQN,
SOLAR DIFF_RVS_LUT, DayNight_Band,
SOLAR_DIFF_PROC_COEFFS, DualGainlP,
v SOLAR DIFF_HIST_AGG_AUX, Obelp
SOLAR_DIFF_HIST_AGG_AC,
SOLAR_DIFF_AGG_LUT,
VIRS_SOLAR_DIFF_ROT_MATRIX_LUT,
| |t v VIIRS_SOLAR_DIFF_SDSM_TIME_LUT, SOLAR_DIFF_HIST_AGG_AUX
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SV-4 Function Flow Diagram for
Environmental Data Record (EDR
Algorithm Processing

Cloud Physical Properties portion of the diagram

CCO0CaTOn o0 Y]

VIIRS_Gran_TropoGeopotentialHeight
VIIRS_Gran_SurfPres
VIIRS_Gran_GeopotentialHeight
VIIRS_Gran_SkinTemp

VIIRS_Gran_WaterVaporMixRatio, ProEdrViirsCloudsFirstContraller A\
VIIRS_Gran_PresLevelTemp VIIRS_INWCTT_IP,

VIRS_ Gre Temantg VIIRS_COP_IP Swim Lane
VIIRS_CTP_Coeffs —

VIIRS_CTP_COT_LUT, (" eFunctionactions ) i

VIIRS_CTP_MSC_LUT, ProEdrViirsCtp h

VIIRS_CTP_0SS_OD_LUT
VIIRS_CTP_OSS_SEL_LUT . r A

Moderate_Band15,

- VIIRS CTP_IP
Geolocation_Mod 45’1_ VIIRS_COP_IP L
; O)
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VIIRS_CTP_IP
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— )
|
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SV-6 Systems Resource
Flow Matrix

Provides a tabular representation of the cross-swim lane
resource traffic.

Tracks resource flows from one swim lane’s FunctionAction to a
FunctionAction in a different swim lane.

— The flowing resources are identified

— The resource producing and consuming swim lanes are identified as well
as the producing and consuming FunctionActions.

The SV-6 provides a human-readable format of the input and
output dependencies for each algorithm module.
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SV-6 For VII

RS SDR (SRS 6)

Resource
Interaction Item

4 Sending Performer

Receiving Performer

Producing Function

1 [RI754

2 [RI753

@ IE295 VIIRS_Fire_Mask_IP

@ IE296 VIRS_AF_EDR

@ IE297 VIRS_AF_DQN

@ IE294 VIRS_AF_DQTT

@ |E293 ActiveFires_Thresholds

© Active Fires (SRS 13)

© Ancillary Data Handling (SRS 9)

Q Data Router from SDR to EDR Generators

O Active Fires (SRS 13)

5 ProEdrViirsActiveFires <5 store Products

ProEdrViirsActiveFires

3 |RI622

® IE383 VIRS_GTM_EDR_DQTT_1
@ IE384 VIRS_GTM_EDR_DQTT_2
® IE385 VIIRS_GTM_EDR_DQTT_3
® IE386 VIIRS_GTM_EDR_DQTT_4
@ IE387 VIRS_GTM_EDR_DQTT_S

Q Ancillary Data Handling (SRS 9)

©Q VIIRS Imagery (SRS 35)

.@‘ Auxiliary Data - Spacecraft Data @
& <

Auxiliary Data - Spacecraft Data ProEdrViirsiChannellmagery

4 |RI628

5 |RI627

6 RI572

@ IE463 Lunar_Phase

(@ IE462 NCC_Thresholds

@ IE464 NCC_GVVSSE_LUT

@ IE465 NCC_GVVSLE_LUT

(@ IE466 NCC_Solar_BRDF_LUT
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Summary

The JPSS GS weather data processing architecture is very, very
complex

Identifying and managing all levels of product dependencies to ensure
product performance has been a challenge

— Previous attempts to capture have quickly fallen out of date as the massive data
flow and algorithm architecture evolved.

— Flight system Cal/Val is scheduled to span months of data capture, reduction,
analysis and adjustment

The application of DoDAF 2/UPDM 2 has provided a mechanism to
capture and manage this complex data processing architecture.

— Traces algorithm and data back to L1/L2 weather/climate performance metrics

The tool automatically manages dependencies which used to be
managed by engineering/scientific analysis.

The application of DoDAF 2/UPDM 2 will lead to a more structured
process at significantly reduced resource costs, enabling more
efficient and faster evolution and progress.
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