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1 INTRODUCTION

1.1 PURPOSE OF THIS DOCUMENT

The purpose of the Satellite Product Analysis and Distribution Enterprise System
(SPADES) Program Plan (PP) is to provide the strategy for developing a demonstration
capability for producing the GOES-R Level 2+ space weather products. This document
includes separate sections for the SPADES program definition, system concept,
success criteria, performance requirements, program management and developmental
schedule. Throughout this document we refer to the demonstration system simply as
SPADES wherein it is implicit that this is a non-operational capability that may
nevertheless serve as the prototype for a follow-on operational system within the NWS.

1.2 SCOPE

The National Geophysical Data Center (NGDC) is developing SPADES to support a
future research-to-operations (R20) transition by National Weather Service (NWS) after
FY15. SPADES is an internal developmental program within NGDC wherein NGDC will
design, build and operate a demonstration system to 1) acquire GOES-R Level 1b (L1b)
space weather products in real time, 2) produce the Level 2+ (L2+) space weather
products, 3) visualize these products in graphical form, and 4) make these products
available to the NWS Space Weather Prediction Center (SWPC) and other users. The
current schedule allows for the SPADES to support an Initial Operational Capability
(I0C) for GOES-R Post Launch Testing (PLT) in first quarter fiscal year 2016
(1QFY2016) and a Final Operational Capability (FOC) in FY2017. To the maximum
extent possible, SPADES will be developed as a stand-alone system to facilitate the
aforementioned R20 transition and to support follow-on Operations and Maintenance
(O&M) for the GOES-R space weather sensors and products. The NGDC Space
Weather Team (SWT) has developed the Algorithm Theoretical Basis Documents
(ATBDs) and supporting research-grade software codes for the full suite of L2+ space
weather products in the three product sets listed in Table 1. The full set of L2+
algorithms will be processed within SPADES.

Table 1 — L2+ SWx Product Algorithms

- Product Set 1

SEISS.16 1-Minute Averages

Product Set 2

SEISS.19 Moments and SC Charging

Product Set 3

SEISS.20 Event Detection

SEISS.17 5-Minute Averages

MAG.10 Magnetopause Crossing

XRS.10 Flare Location

SEISS.18 Integral Flux

EUVS.03D Daily Averages

SUVI.13 Bright Regions

MAG.07 Coordinate Systems EUVS.04 Event Detection SUVI.14 Flare Location
MAG.08 1 Minute Averages XRS.05 Channel Ratios SUVLI.15 Coronal Hole Boundaries
MAG.09 Quiet Fields XRS.07 1-Minute Event Detection

EUVS.03 1-Minute Averages

XRS.09 Daily Background

XRS.04 1 Minute Averages

SUVI.19 Thematic Maps

SUVI.07 Composite Images

SUVI.12 Coronal Hole Images

SUVL.09 Fixed Difference Images

SUVI.10 Running Difference Images
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1.3 APPLICABLE DOCUMENTS

Applicable Documents consist of documents that contain provisions or other pertinent
requirements directly related to and necessary for the performance of the activities
specified in this plan. Implementation of the requirements as stated in Section 5
assumes compliance with the version of these applicable documents effective on the
approval date of this plan.

e GOES-R3 Proposal for the Satellite Product Analysis and Distribution System
project, dated 27 February 2014

e GOES-R Product Definition and Users’ Guide (PUG), dated 06 December 2013

e Environmental Satellte Processing and Distribution System (ESPDS)
Development, Interface Control Document (ICD), ESPDS-SE6-EXT-DOC-2.4, 09
January 2014.

e NOAA Administrative Order (NAO) 216-108 “Requirements Management’,
Effective: 24 October 2005.

e NAO 212-15, Management of Environmental Data and Information, Effective: 04
November 2010.

e ICD with NWS defining Integrated Dissemination Program (IDP) interface to
NGDC [TBD].

1.4 REFERENCE DOCUMENTS

Reference Documents consist of documents that provide supporting information needed
to facilitate the SPADES development.

e GOES-R L2+ space weather product ATBDs that were developed under the
GOES-R Risk Reduction and Algorithm Readiness programs and are available
from the NGDC/GOES-R Systems Engineer.

2 PROGRAM DEFINITION
2.1 OBSERVING SYSTEM NEED

The primary missions of NOAA are science, service and stewardship; 1) for a weather
ready nation, 2) healthy oceans, 3) climate adaptation and mitigation and 4) resilient
coastal communities and economies. Operating the Nation's system of environmental
satellites is one of the major responsibilities of the NOAA National Environmental
Satellite, Data, and Information Service (NESDIS). NESDIS operates the satellites and
manages the processing and distribution of the millions of bits of data and images these
satellites produce daily. The primary customer is the NWS which uses satellite data to
create forecasts for various weather advisory services and other customers. Space
weather data acquired by NOAA satellites used within SWPC also shared with other
Federal entities such as National Aeronautics and Space Administration (NASA) and
the Departments of Defense, Agricuiture, Interior, and Transportation and with other
countries under the auspices of the International Space Environmental Service (ISES)
and the World Meteorological Organization (WMO).
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2.2 Geostationary Operational Environmental Satellite, Series R (GOES-R)

Since 1974 NOAA has monitored the sun and the in-situ geosynchronous satellite
environment using data acquired from its fleet of Geostationary Operational
Environmental Satellites (GOES). The next-generation GOES-R program consists of 4
spacecraft, nominally GOES-R/S/T/U, that will provide continuity for NOAA’s satellite-
based, space weather monitoring program through 2036. The first satellite in the series
will launch in early FY2016. Collectively, GOES-R refers to the 4 satellites in this series.

2.3 GOES-R Space Weather (SWx) Sensors

Manifested on GOES-R is a set of space weather sensors used to monitor the sun and
the local space environment. The GOES-R sensors offer improvements over earlier
GOES sensor capabilities while maintaining consistency with the historical
measurement record. Each of the GOES-R spacecraft consists of the set of SWx
sensors discussed in sections 2.3.1 through 2.3.4.

2.3.1 Space Environment In-situ Sensor Suite (SEISS)

SEISS is comprised of five (5) sensors to monitor proton, electron, and heavy ion fluxes
in the geosynchronous orbit location. SEISS consists of the low-energy and high-energy
Magnetospheric Particle Sensors (MPS-LO and MPS-HI), two Solar and Galactic Proton
Sensors (SGPS), and the Energetic Heavy lon Sensor (EHIS). Information provided by
SEISS is critical for determining radiation risk factors to astronauts and commercial
airline passengers as well as potential impacts to satellite operations and high-
frequency (HF) communications.

2.3.2 EUV and X-ray Irradiance Sensors (EXIS)

EXIS data are critical to monitoring incident solar x-ray and extreme ultraviolet
irradiance to the upper atmosphere, that is, the power and effect of the sun’s
electromagnetic radiation per unit area. EXIS will detect solar flares that could interrupt
communications, reduce navigational accuracy and contribute to satellite drag.

2.3.3 Solar Ultraviolet Imager (SUVI)

SUVI is a telescope that monitors the sun in the extreme ultraviolet wavelength range.
By observing the sun, SUVI will be able to compile full-disk solar images around the
clock. It replaces the current GOES Solar X-ray Imager (SXI) instrument and represents
greater spectral coverage and improved spatial resolution over SXI.

2.3.4 Magnetometer (MAG)

MAG provides measurements of the local geomagnetic field within the space
environment that controls charged particle dynamics in the outer region of the
magnetosphere. These particles can be dangerous to spacecraft and human
spaceflight. The geomagnetic field measurements are important for providing alerts and
warnings to many customers, including satellite operators and power utilities. MAG
measurements are also essential inputs to the L2+ product, SEISS-19, Moments and
Spacecraft Charging. GOES magnetic data products are also important for validating
operational geospace models and used in research, being among the most widely used
spacecraft data by the national and international research communities.
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2.4 GOES-R Space Weather Products

Space weather data from the GOES-R spacecraft will be used to create environmental
products for NOAA operations and for other related purposes, including scientific
research that often leads to improved space weather products. The set of GOES-R
product levels range from Level 0 (LO) to Level 2+ (L2+) as generally defined by NASA,
although within the GOES-R program the various product levels do not strictly comply
with the NASA terminology. In general, the lowest level products are raw sensor data at
full instrument resolution whereas higher level products correspond to sensor data
records converted into more usable parameters and formats.

2.4.1 Level 0 (LO) ****INFORMATION ONLY*****
Table 2 - L1b SWx Products

LO data reconstructed,

products =~ are GOES-R L1b Product

unprocessed instrument/payload data at full Sensor Short Name
resolution after removal of communications
artifacts; e.g. synchronization frames, EXIS/EUV EXIS-L1b-SFEU
communications headers, duplicates. SWT TS
access to GOES-R LO data may leverage the EXISIXRS EXIS-L1b-SFXR
SPADES infrastructure if it does not interfere MAG MAG-L1b-GEOF
with L2+ prototyping efforts. ~ Any such |“gpieq/EHIS |~ SEIS-L1b-EHIS
leveraging is beyond the scope of this PP.

242 Level 1a (L1a) **INFORMATION | SEISS/MPSL | SEIS-L1b-MPSL

ONLY™»**** SEISS/MPLH | SEIS-L1b-MPSH

L1a data products are reconstructed, | SEISS/SGPS | SEIS-L1b-SGPS
unprocessed instrument data at full resolution,
time referenced and annotated with ancillary SUVIIFe093 SUVI-L1b-Fe093
information, including radiometric and geometric SUVIIFe131 SUVI-L1b-Fe131
calibration coefficients and geo-referencing
parameters, e.g. platform ephemeris. Ancillary SUVIFFe171 SUVI-L1b-Fel71
information is computed and appended but not SUVI/Fe195 SUVI-L1b-Fe195
applied to the LO data. No access to GOES-R
L1a products is available within SPADES. SUVI/Fe184 | SUVI-L1b-Fe284

2.4.3 Level 1b (L1b) SUVI/He303 SUVI-L1b-He303

L1b data products are L1a data products that have been processed to sensor units. The
GOES-R L1b space weather products are listed in Table 2. It is important to note that
for GOES-R it is not possible to easily reverse-process all L1b products to their L1a
equivalents.

2.4.4 Level 2+ (L2+)

L2+ products are L1b data that have been processed to a higher level of utility. Within
the context of this PP the GOES-R L2+ space weather products are those required by
SWPC for NOAA space weather operations. The generation of L2+ products within a
demonstration environment is the primary function of SPADES. The table in Section 1.2
lists the 25 GOES-R L2+ space weather ATBDs developed by the SWT. Figure 1
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provides a precedence chart for the L2+ space weather products that highlights
algorithm interdependencies. Certain updates to the L2+ algorithms will be required for
SPADES.

2.4.5 Auxiliary Data

Auxiliary data for SPADES are those data parameters other than the set of GOES-R
L1b space weather data products (Table 2) that are produced internally by GOES-R and
are required to produce the GOES-R L2+ space weather products. The set of required
auxiliary data will be provided at the SPADES Preliminary Design Review (PDR).
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MAG.08
1-minL1b Averages

MAG.08b
1-min Quiet Field
Averages

[ s s
! Spaceciait

Chariiing

TS L .

SEvent Detection

wsw
g ntegral Flix

XRS.04
1-min Averages

TR Fiied
Ditference linages

k]
Bright Region

P
s Coronal
Hele Boundaries

IR RUTNING 7 Thematic Maps

Diffierence [mages

W Coronal

R Coinposite
Images

. <

Figure 1 — Precedence Chart

L (R

" Hole Images

2.4.6 Ancillary Data

Ancillary data is defined as any data which is not produced by GOES-R, but is acquired
directly for SPADES from external providers and used within SPADES to produce the
GOES-R L2+ space weather products. The set of required ancillary data will be
provided at the SPADES PDR.

2.5 OWNERSHIP AND OVERSIGHT
Program Management

The SPADES program is managed and executed by NGDC with developmental
oversight provided through the GOES-R Risk Reduction program.
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Requirements

This document specifies the L1 requirements for the prototype SPADES. The L1
requirements are the highest level requirements from which a conceptual basis for the
prototype system can be formulated. Section 5 lists the specific L1 requirements
needed to design and develop the SPADES system although other derived
requirements may be included in the list of Applicable Documents in Section 1.3. The
Reference Materials in Section 1.4 includes additional requirements derived from each
of the L2+ products with regard to, for example, programming language, latency and
output format as specified in the associated ATBDs.

3 SYSTEM CONCEPT

The overarching goal of the prototype SPADES effort is to develop a prototype system
for producing the GOES-R L2+ space weather products with consideration given to
supporting the R20 transition to NWS systems. Figure 2 is a schematic of the SPADES
prototype. The SPADES architecture consists of the following functional segments:

¢ Ingest Segment (IS) — Acquires GOES-R L1b space weather products and
auxiliary data [TBD].

e Storage Segment (SS) — Provides for local storage of GOES-R L1b space
weather products and auxiliary data [TBD].

e Processing Segment (PS) — Responsible for processing all L2+ space
weather algorithms and for acquiring ancillary data [TBD]

e Controller Segment (CS) — Provides for automatic algorithm queuing and
system monitoring.

e Monitor Segment (MS) — Monitors critical functions and provides alerts for
non-standard operations.

¢ Visualization Segment (VS) — Provides visualization capabilities for all L1b
and L2+ space weather products.
3.1 System Access

The following describes the system access provided to various users of SPADES aside
from system administrators and authorized information technology (IT) staff.

3.1.1 Internal Authorized Users

Internal authorized users are those users operating entirely within the SPADES
environment. Internal authorized users are typically members of the SWT directly
involved with implementing L2+ algorithms within the SPADES. Access to SPADES is
subject to standard login protocols.

3.1.2 External Authorized Users

External authorized users are those users requiring access to the GOES-R L1b
products. External authorized users are typically members of the SWT needing access
to L1b space weather products for offline instrument calibration/validation and sensor
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performance monitoring/maintenance. An external authorized user will typically require
a password to access L1b products and auxiliary data.
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Figure 2 — SPADES Functional Architecture

3.1.3 Constituents

Constituents are those users requiring access to GOES-R L2+ space weather products.
Examples of constituents include space weather operators and scientists within the
NWS/SWPC and engineering staff from the Office of Satellite and Product Operations
(OSPO). Constituents will not require passwords for access to L2+ products.

3.2 Data Access

The following describes the various data access channels for GOES-R L1b space
weather products and auxiliary data required by SPADES.

3.2.1 Product Analysis and Distribution (PDA)

PDA is an internet-based channel providing near real-time access to GOES-R L1b
space weather products and auxiliary data. PDA data is available to authorized users
having internet access. PDA is part of the NESDIS Environmental Satellite Processing
and Distribution System (ESPDS) development effort.
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3.2.2 GOES-R ReBroadcast (GRB)

GRB is a direct broadcast channel providing real-time access to GOES-R L1b space
weather products and auxiliary data. The NWS manages the antenna and software

capable of receiving the GOES direct broadcast downlink in Boulder, CO. The NWS

GRB channel will be leveraged for SPADES.

3.2.3 Comprehensive Large Array-data Stewardship System

CLASS is NOAA's official archive for GOES-R retrospective L1b space weather
products and auxiliary data. SPADES access to CLASS is subscription based. NGDC
manages the Boulder CLASS.

3.2.4 Level 0 Storage System (LZSS) *****INFORMATION ONLY*****

The LZSS is a service provided by GOES-R to ensure that authorized users have
access to GOES-R LO products. Beyond the scope of this PP, SPADES may be
leveraged to access GOES-R L0 data in support of L1b and L2+ product calibration and
validation if doing so does not interfere with L2+ algorithm prototyping.

3.3 System Developmental Phases
This section describes the various SPADES developmental phases.
3.3.1 Concept Definition Phase

The concept development phase includes development of a PP that is reviewed and
accepted by the SPADES developmental team. A preliminary set of Level 2
requirements will exist at the end of the concept development phase.

3.3.2 Preliminary Design Phase

At the completion of the preliminary design phase all SPADES segments will be
functionally defined and the intra-segment interfaces well specified. The final Level 2
requirements will be approved and a preliminary set of Level 3 will be in draft form. An
Interface Control Document (ICD) exists in draft form specifying all external interfaces
for SPADES. A high-level architecture for SPADES exists.

3.3.3 Critical Design Phase

At the completion of the critical design phase SPADES is sufficiently designed to allow
for initial build and roll-out. Level 3 requirements are approved. The SPADES ICD is in
final form with all TBDs/TBRs closed.

3.3.4 Initial Operational Capability (I0C)

IOC represents the initial release of SPADES. Near real-time GOES-R L1b data are
acquired from the Product Distribution and Access (PDA) system, and the subset of the
L2+ space weather products specified in Table 1 are available for provisional use by
constituents.

3.3.5 Final Operational Capability (FOC)

FOC represents the final release of SPADES. Real-time L1b data are acquired from the
GOES ReBroadcast (GRB) system and from CLASS. Access to the final L2+ space
weather products is provided to constituents.

8
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4 SUCCESS CRITERIA

System success for the prototype SPADES development requires meeting or exceeding
the following criteria:

Acquiring GOES-R L1b space weather products and auxiliary data from PDA.
Acquiring GOES-R L1b space weather products and auxiliary data from GRB.
Acquiring GOES-R L1b space weather products and auxiliary data from CLASS.
Producing the set of GOES-R L2+ space weather products listed in Table 1.
Providing GOES-R L2+ space weather products to constituents.

5 PERFORMANCE REQUIREMENTS

5.1 Level 1 Requirements

L1-SPADES-100 SPADES shall be developed as a real-time demonstration system
for GOES-R L2+ product generation and dissemination.

L1-SPADES-110  SPADES shall have a design mission lifetime of 20 years.

L1-SPADES-120 SPADES shall have a System Availability of greater than or equal
to 98% over any 30-day period for the mission lifetime.

L1-SPADES-130 SPADES hardware and system software elements (operating
system and software languages) shall be Commercial Off-The-Shelf (COTS).

L1-SPADES-140 SPADES shall be built in a modular fashion consisting of the
following functional segments; Ingest Segment (IS), Storage Segment (SS), Processing
Segment (PS), Control Segment (CS) and Visualization Segment(VS).

6 PROGRAM MANAGEMENT
6.1  Program Management

The SPADES prototype project shall be managed by NGDC with oversight provided by
the GOES-R Risk Reduction program. Participation by members of the NWS and OSPO
is highly encouraged.

7 BUDGET AND SCHEDULE

7.1 Budget

The prototype SPADES program is being developed using funds provided via the
GOES-R Risk Reduction program. Costs for development of SPADES is capped at
$1.525 M in accordance with an investment schedule of $625K in Year 1, $650K in Year
2 and 250K in year 3. The period of performance is 01 Apr 14 to 31 Mar 17.

7.2 Schedule
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1D ‘Task Name ,2015 ) ,2016 2017 .
Qtr3 | Qrd Qrl Qtr2  Qr3 Qtr4 Qtrl  Qtr2 |
1 SPADES Prototype (Tasks) —
2 SPADES Development
3 Preliminary Design
4 Ingest Segment (IS)
5 Storage Segment (SS)
6 Processing Segment {PS)
7 Visualization Segment {VS)
8 Controlier Segment (CS)
9 Monitor Segment {MS)
10 System Hardening - R20 prep
k= Data Access/Availability
12 Adopt/create L1b proxy dataset
13 Interface Development: PDA
14 Auxiliary Data Access
15 Interface Development: CLASS
16 Interface Development: GRB
17 L2+ Algorithms
18 L2+ Product Set 1 Installation
19 L2+ Product Set 2 installation
20 L2+ Product Set 3 installation
21 Program Reviews/Milestones
22 Authorization To Proceed (ATP)
23 Preliminary Design Review
24 Critical Design Review
25 Initial Capability Review
26 Final Capability Review
27 Key Dates /Activities- GOES-R
28 SPADES Program Start
29 GOES-R Launch
30 GOES-RPLT
31 PLT Complete
32 GOES-R Standby -
33 GOES-R Operations {TBD) 4 4/a
Figure 3 — Schedule
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APPENDICES

A. ACRONYMS

ATBD Algorithm Theoretical Basis Document

Cl Common Ingest

CIRES Cooperative Institute for Research in Environmental Sciences
CLASS Comprehensive Large Array-data Stewardship System
COTS Commercial Off The Shelf

CDR Critical Design Review

CS Control Segment

DOC U.S. Department of Commerce

DoD Department of Defense

DS Distribution Segment

EHIS Energetic Heavy lon Sensor

ESPDS Environmental Satellite Processing and Distribution System
EUV Extreme UltraViolet (sensor)

EXIS EUV and X-ay Irradiance Sensors

Fe Iron (Chemical Symbol)

FITS Flexible Image Transport System

FOC Final Operational Capability

FY Fiscal Year

GOES Geostationary Operational Environmental Satellite
GOES-R Geostationary Operational Environmental Satellite, Series R
GRB GOES ReBroadcast

He Helium (Chemical Symbol)

HF High Frequency

ICD Interface Control Document

IDP Integrated Dissemination Program

I0C Initial Operational Capability

ISES International Space Environmental Service

IS Ingest Segment

IT Information Technology

LO Level O (data product level)

L1 Level 1 (requirement designation)

1
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L1a
L1b

L2

L2+
LZSS
MAG
MOU
MPSL
MPSH
NAO
NASA
NetCDF
NGDC
NESDIS
NOAA
NWS
O&M
OSPO
PDA
PDR
PLT
PP

PS
PUG
R20
SC
SEISS
SGPS
SPADES
SS
Suvi
SWPC
SWT

Level 1a (data product level)

Level 1b (data product level)

Level 2 (requirements designation)

Level 2 Plus (data product level)

Level O Storage System

Magnetometer

Memorandum of Understanding
Magnetospheric Particle Sensor Low
Magnetospheric Particle Sensor High

NOAA Administrative Order

National Aeronautics and Space Administration
Network Common Data Form

National Geophysical Data Center

National Environmental Satellite, Data, and Information Service
National Oceanic and Atmospheric Administration
National Weather Service

Operations and Maintenance

Office of Satellite and Product Operations
Product Distribution and Access

Preliminary Design Review

Post Launch Testing

Program Plan

Processing Segment

Payload Users Guide

Research To Operations

Storage Segment

Space Environment In-Situ Suite

Solar and Galactic Particle Sensor

Satellite Product Analysis and Distribution Enterprise System
Storage Segment

Solar UltraViolet Imager

Space Weather Prediction Center

Space Weather Team




438
439
440
441
442
443
444

SWix
SXI
TBD
USAF
VS
WMO
XRS

Space Weather

Solar X-ray Imager

To Be Determined

United States Air Force
Visualization Segment

World Meteorological Organization
X-Ray Sensor
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