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Presenter
Presentation Notes
SLOC Counts: 
SLS < 50K in main Flight computers

Where did the switches go? 
Note: Not only are the switches now in software, the logic to determine when to turnon/off the switch is also in software.  A large part of what humans used to do is also in the software.  Dragon is almost completely autonomous.  DM-1 flew with no Crew.  



Collaboration on
Software Assurance
Accomplishments

November - Assurance for Automatic Code Generation

December - Updates to JAXA, ESA, and NASA Software
Assurance Standards

e February - Software code quality, how can we determine if
the software source code is of good quality and low risk?

e March - Software process audits by software assurance,
how often should we audit the processes, and what strategy
should the audit team use for assessing the software
processes?

e April - Assurance of Programmable Device Logic (PDL)/
Hardware Description Language (HDL) (FPGA/ASIC)

May - Assurance of Autonomous systems

September - Determining the software risk likelihood
levels




Collaboration on Software Assurance Plans

Potential additional software assurance topics to be
addressed next:

* Countermeasure of asynchronous defects
* Approach of Independent Verification and Validation

e RTOS and flight software certification for safety critical missions
?Sc\clz\?ErdZii\g)to NASA NPR 7150.2D which introduced 100% MC/DC

* Experience with frameworks for on-board control
procedures/autonomy like uPython

* Approaches for assurance of machine learning systems
* Software requirements analysis and assurance

* Cybersecurity assurance approaches

» Software risk likelihood levels

* Defect density approaches

* Measurable software assurance process improvement

» Software assurance tools discussion, efficient and effective
methods for software assurance

« Others The Cartwheel galaxy and its companion galaxies
NASA, ESA, CSA, STScl, Webb ERO Production Team
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Risk Classification for NASA Payloads NPR 8705.4A

CLASS D CLASS C CLASS B CLASS A

R, Majewicz at the 13th Trilateral SMA Summit, 6 December 2022
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Tailorable SMA Obijectives by
Mission Risk Classification

SMA Area

Accepted Standard

Fault Tolerance (including SPFs), Reliability, and
Maintainability

NPR 7123.1, Appendix G,
NASA-STD-8729.1.

Environmental Test Program Verification and Validation

By Center

Electronics, Electrical, and Electromechanical (EEE) Parts

NASA-STD-8739.10, Electrical, Electronic, and
Electromechanical (EEE) Parts Assurance Standard.

Materials

NASA-STD-6016, Standard Materials and Processes
Requirements for Spacecraft.

Quality Assurance and Quality Engineering

NPR 8735.2, Hardware Quality Assurance Program
Requirements for Programs and Projects.

Software

NPR 7150.2,
NASA-STD-8739.8.

Risk Informed Decision Making (RIDM) and Continuous Risk
Management (CRM) Processes?2

NPR 8000.4, Agency Risk Management Procedural
Requirements

R, Majewicz at the 13th Trilateral SMA Summit, 6 December 2022
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It’s all about...

Dotiadilit

The probability that a system ... FUNCTION Describes the ability of a system or
will function as intended over a component to function under stated
specified period of time under conditions for a specified period of time.
specified environmental (IEEE Computer Dictionary)
conditions. (Human-Rating
Requirements for Space
Systems NPR 8705.2B)
ENVIRONMENT PERIOD OF TIME

Quality - Robustness - Screening - Qualification - Physics of Failure - Derating

Mission, Environment, Application and Lifetime (MEAL)

R Majewicz at the 13th Trilateral SMA Summit, 6 December 2022



nNErP

NASA Electronic Parts a1 Packaging Program

7 Concerns for Picking Parts

A
MIL-SPECs D
Reres C Test Methods D
) h O ». SMDs  [mmE -.
PARTS N Slash Sheets D MiSSion
F DLA Environment
B T Application
E g Lifetime
COMMERCIAL PARTS - (N) -l Data Sheets - T -'
I
E N
G

Confidence that parts meet the original specifications.

. Analysis to ensure mission requirements are being met,
especially if requirements are above data sheet/SMD limits.

3. Added testing should be done with extreme caution

N —

R, Majewicz at the 13th Trilateral SMA Summit, 6 December 2022
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Modern COTS / ILPMs

e Numerous Reasons to Select Commercial Electronics

* Increased Functionality
* SWAP Benefits
e Availability

* Designed for Specific Customers/Environments

* Automotive, Medical
* New Space

* Industry Leading Parts Manufacturers (ILPMs).

High volume automatic production
Process controls, product screen & qualification testing
Implementation of the best practices for “zero defects”

Not all manufacturers are ILPM & not all product from an ILPM is intended
for high reliability / quality operations.

R, Majewicz at the 13th Trilateral SMA Summit, 6 December 2022
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Radiation Concerns

» Parts levels in EEE-INST-002 and equivalent documents do not indicate
the level of radiation tolerance, and thus the selection of parts level 1, 2,

or 3 does not imply or provide any type of radiation hardness or mitigation
of radiation effects.

* MIL-SPEC parts may or may not include a
radiation hardness designator signifying TID
performance but may be sensitive to SEE.

 Lot-to-lot variation of radiation sensitivity may
be larger for non-radiation-hardness-assured
(non-RHA) parts than for RHA parts, since
space radiation tolerance is typically not
designed and optimized for parts without
radiation addressed in their datasheets.

ALBUS Cubesat Credit: NASA/GSFC

R Majewicz at the 13th Trilateral SMA Summit, 6 December 2022



nNEr,P

NASA Electronic Parts s Packaging Program

COTS UTILIZATION STEPS

* Relationship with COTS manufacturers
* Industry Leading Parts Manufacturers (ILPM)s
e Data sheets
* Process control data

Qualification & Screening

Sampling

Change process

* Parts Evaluation & Analysis Capability
* |nitial motivation for NEPP Program’s predecessor in the 70s

* Failure rate determination

* Failure mechanisms/Physics of Failure/Acceleration
. & Factors

* Environmental testing geared towards NASA missions
(MEAL)

* Not re-inventing the wheel
* Attempt at “Standardization” for generic mission profiles

8
R, Majewicz at the 13th Trilateral SMA Summit, 6 December 2022
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Technical Assessment

The NASA Engineering and Safety Center (NESC)
sponsored the assessment regarding the use of COTS
parts in spaceflight systems and critical ground support
equipment (GSE) at NASA Centers.

e Capture each NASA Centers’ current practices, best
practices, lessons learned and recommendations

b * Provide recommendations and best practices based on the
. . NESC team’s discussion

Recommendations on Use of Commercial-Off-The-Shelf
(COTS) Electrical, Electronic, and Electromechanical (EEE)
Parts for NASA Missions

NESC Document #: NESC-RP-19-01490
https://ntrs.nasa.gov/search?q=20205011579

R Majewicz at the 13th Trilateral SMA Summit, 6 December 2022


https://ntrs.nasa.gov/search?q=20205011579
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Technical Assessment

Recommendations on Use of Commercial-Off-The-Shelf
(COTS) Electrical, Electronic, and Electromechanical (EEE)
Parts for NASA Missions

PHASE 1]

Properly selected COTS parts in appropriate applications can offer performance and
supply availability advantages compared to MIL-SPEC parts. Their utility and
demonstrated reliability results from large volumes and automated production and
testing processes. However, careful review and a thorough understanding of their
specifications (i.e., datasheet limitations) is needed, and verifying that manufacturer
specifications and reliability meet space hardware application needs is necessary.

10
R, Majewicz at the 13th Trilateral SMA Summit, 6 December 2022
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Recommendations

Programs/Projects should understand and effectively manage the risk of

e COTS, using a holistic approach. Risk should be considered in the appropriate

TS context, based on knowledge of the parts being used, the manufacturers,
ST and how the parts are being used.

* A Mission, Environment, Applications and Lifetime (MEAL) assessment
should be developed and approved by Program/Project Managers with
pertinent risks clearly identified, mitigated and accepted, when COTS parts
are used in safety or mission critical applications.

* Procure COTS parts from OCMs and authorized distributers.

* Use more conservative derating for COTS parts in comparison to its MIL-SPEC
counterpart

* |dentify application-critical parameters and functionality for all parts in
designs and verify by testing over application range

11
R Majewicz at the 13th Trilateral SMA Summit, 6 December 2022
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Recommendations

Identify environments that might be problematic for parts in their
applications and verify by testing and analysis

Select parts with “flight heritage” and ensure the MEAL for the new mission
is within the bounds of the previous mission.

Select COTS parts from ILPMs and the highest commercial grades parts
available with each ILPM

When using COTS parts, program/project should build multiple engineering
units to start functional testing, environmental testing, qualification, and
verification early in the design cycle so that any issue can be addressed to
minimize the impact on system risk, cost, and schedule.

12
R, Majewicz at the 13th Trilateral SMA Summit, 6 December 2022
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Conclusion

~ * Numerous Reasons to Select Commercial Electronics

* Increased Functionality

* SWAP Benefits

* Availability

* These Trend are Increasing

e There are no “Short Cuts”

* Review and analysis of datasheet limitations, establishment of confidence,
and verification of MEAL requirements is vital.

* Any additional testing (above data sheet limits)
 Communication with manufacturer

* Based on MEAL requirements (as opposed to MIL-SPEC testing)
* Qualification on samples recommended

13
R, Majewicz at the 13th Trilateral SMA Summit, 6 December 2022
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References / Links

Recommendations on Use of Commercial-Off-The-Shelf (COTS) Electrical, Electronic, and
Electromechanical (EEE) Parts for NASA Missions - NESC Document #: NESC-RP-19-01490

* https://ntrs.nasa.gov/search?q=20205011579

* Guidelines for Verification Strategies to Minimize Risk Based on Mission, Environment,
Application and Lifetime (MEAL), June, 2018. NASA/TM-2018-220074,

* https://ntrs.nasa.gov/citations/20180007514

* NASA Procedural Requirements NPR 8705.4A, Risk Classification for NASA Payloads
» https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=8705&s=4A

14
R, Majewicz at the 13th Trilateral SMA Summit, 6 December 2022
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National Aeronautics and Space Administration

NASA Orbital Debris Program Office

J.-C. Liou, PhD

Chief Scientist for Orbital Debris
National Aeronautics and Space Administration

13th Trilateral Safety & Mission Assurance Summit
NASA Johnson Space Center, 7 December 2022
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Outline

« Orbital debris (OD) — an overview
 The NASA Orbital Debris Program Office (ODPO)

 Managing risks from orbital debris

2/21 JCL
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The Space Age

The first human-made satellite, Sputnik, was launched to

study the atmosphere by the Soviet Union on October 4,
1957

Since then, more than 5800 launches have been
conducted worldwide

Benefits of space activities
— Communications

— Environment monitoring

— Explorations

— Technology advancements

— Many others

But...

Sputnik /
(58 cm dlameer ﬂ . kg)

3/21 JCL
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-

The Historical Orbital Debris Environment ﬁv

Before 1957

1970

* Only objects in the US satellite catalog (~10 cm and larger) are shown
 Sizes of the dots are not to scale

4/21
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What Is Orbital Debris?

« Orbital debris (OD) is any human-made object in orbit about
the Earth that no longer serves any useful function

Orbital Debris
A

Objects in the Near-Earth Environment

Upper stages, spacecraft

Mission-related debris

Breakup fragments

NaK
Al O, Al,O; (slag)
Degradation debris MLI pieces
Meteoroids
I [ I I
10 um 100 um 1 mm 1cm 10 cm 1Tm 10m
Size (diameter) (Boundaries are notional)

5/21 JCL
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How Much Orbital Debris Is Up There?

Baseball size or larger (210 cm): ~27,000
(tracked by Space Force's 18th Space Defense Squadron, 18 SDS)

,7’41{{?} —
,l-\ ﬁ'r'. Marble size or larger (21 cm): ~500,000
-~ . l
> o’
=
- _9_ ~ & :
LY 4 WORLD SERIES P
z CHAMPIONS e
= % =
N = Dot or larger (21 mm): >100,000,000
X2 ;«’ (a grain of salt)
« -

* Due to high impact speed in space (~10 km/sec in LEO), even sub-millimeter
debris pose a realistic threat to human spaceflight and robotic missions
> 10 km/sec = 22,000 miles per hour (the speed of a bullet ~1,500 miles per hour)

» Mission-ending threat is dominated by small (mm-to-cm sized) debris impacts
» Total mass: >9000 tons LEO-to-GEO (~3800 tons in LEO)
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Growth of the Cataloged Populations

The USSF 18 SDS tracks/catalogs the largest objects in space
» Such objects only represent the tip of the iceberg of the orbital debris population

» ~100,000,000 additional debris too small to be tracked but large enough to
threaten human spaceflight and robotic missions exist in the environment
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Mass in Orbit Continues to Increase

The total mass of material has exceeded 9000 metric tons

— About 3800 tons of material is in low Earth orbit (LEO, the region below
2000 km altitude)
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Low Earth Orbit (LEO) Environment
- From the year 2000 to 2022

The LEO cataloged objects have significantly increased in 20 years

— 2000 to 2010: The Fengyun-1C anti-satellite (ASAT) test and the collision
between Iridium 33 and Cosmos 2251 drove most of the increase

— 2010 to 2022: Proliferation of CubeSats and deployments of large
constellations were primarily responsible for the increase below ~700 km
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Protecting NASA Assets From Large Debris

 NASA has established conjunction assessment processes for its
human spaceflight and robotic missions to avoid accidental
collisions with objects tracked by the 18 SDS

— NASA also assists other U.S. government spacecraft owners with
conjunction assessments and subsequent maneuvers

« The International Space Station (ISS) has conducted 32 debris
collision avoidance maneuvers since 1999

— Twice in 2021: The avoided
objects were (1) a fragment generated
from the 2007 Fengyun-1C ASAT test and
(2) a fragment from the explosion of a
Pegasus upper stage in 1996

— Twice in 2022: Both were against
fragments generated from the Nov 2021
Russian Cosmos 1408 ASAT test

* During 2021 NASA also executed or assisted in the execution of
13 collision avoidance maneuvers by robotic spacecraft

10/21 JCL
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Protecting the ISS From Small Debris

 The ISS is equipped with various MMOD impact
protection shields

— The U.S. segments of the ISS are protected against orbital debris
approximately 1 cm and smaller

— The biggest threat to the ISS comes from orbital debris too small to
be tracked by the 18 SDS but large enough to penetrate the
protection shields (i.e., debris between 1 cm and 10 cm for U.S.
modules)

The ISS MMOD shielding models:
each color represents a different
MMOD shield configuration

About 500 different shields protect
ISS modules and external pressure
vessels

11/21 JCL
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Risk From Small Debris to Robotic Spacecraft

Millimeter-sized orbital debris represents the highest
penetration risk to most operational spacecraft in LEO

— As concluded by a NASA Engineering and Safety Center panel study
(NASA/TM 2015-218780) ,

Currently, more than 400 spacecraft QB a6
operate at 600-900 km altitudes

— Including 18 NASA missions (A-Train@705km, / :

NOAA@825km, IXPE@600km, etc.)

JPSS-1/NOAA 20

There is a lack of measurement data
on millimeter-sized orbital debris above 600 km altitude

— Direct measurement data on such small debris is needed to support
the development and implementation of cost-effective, protective
measures for the safe operations of future missions

12/21 JCL
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NASA Orbital Debris Program Office

« The ODPO is the only organization in the
U.S. government (USG) conducting a full range
of research on orbital debris

— This unigue NASA capability was established at NASA
Johnson Space Center in 1979

— ODPO is a Delegated Program under HQ/OSMA

— ODPQ'’s roles and responsibilities are defined in NASA
Procedural Requirements NPR 8715.6B

« ODPO provides technical and policy level
support to NASA HQ, OMB, OSTP, NSpC, and
other USG and commercial organizations

« ODPO represents the USG in international fora
(IADC, ISO, United Nations, etc.)
« ODPO is recognized as a pioneer and leader in

environment definition and modeling, and in
mitigation policy development

13/21 JCL
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End-to-End Orbital Debris Activities at ODPO NC -.

90 2010 2030 2050 2070 2090 2110 2130 2150 217
eal

Measurements

Radar

Optical

In-situ
Laboratory

Modeling

Breakup
Engineering
Evolutionary

Reentry

Mission Risk Assessments

NASA space assets

(ISS, Orion, robotic missions, etc.)

Reentry

Environment Management

Mitigation
Remediation
Policy
Mission Requirements

Coordination

U.S. Government
IADC, ISO
United Nations
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ODPO'’s Roles and Responsibilities (1/3)

* Monitor the ever-changing OD environment.

— ODPO has led the characterization of OD too small to be tracked by
the DOD but large enough to threaten human spaceflight and robotic
missions for more than 30 years.

» Collect/analyze radar measurement data on OD in low Earth orbit (LEO).

« Build/operate telescopes, collect/analyze optical measurement data on
OD from LEO to geosynchronous Earth orbit (GEO).

» Collect/analyze space-based in-situ measurement data on sub-millimeter
debris, develop in-situ sensor technologies in preparation for future
mission opportunities to address the millimeter-sized OD data gap.

» Design/conduct laboratory experiments and collect/analyze test data for
debris characterization and assess risk from OD.

— Critical data gap: Millimeter-sized OD at 600-1000 km altitude. Such
small debris drives the mission-ending risk to LEO spacecratt.

Pl - i
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ODPO'’s Roles and Responsibilities (2/3)

 Develop and update OD modeling and mission support
tools

— ODPO has led the development of OD environment, risk assessment,
and mission compliance models and tools for more than 30 years

« ODPO models and tools are used by hundreds of operators (NASA, USG,
commercial), academia, and research groups around the world

 NASA only: Real-time risk assessments/mitigation after new breakups,
MDA test planning/coordination, and TS/SCI support

* Provide OD mitigation mission support

— OSMA and ODPO oversee NASA mission compliances with OD
mitigation requirements per NS 8719.14, which is NASA'’s
implementation of the USG ODMSP
» Control the generation of mission-related debris
» Limit accidental explosions (during and post mission)

* Limit accidental collisions
» Conduct post-mission disposal, limit reentry risk

16/21 JCL
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ODPO'’s Roles and Responsibilities (3/3)

 Provide USG interagency, international, commercial, and
outreach support

ODPO has led the development/implementation of OD mitigation best
practices in the U.S. and has promoted the adoption of the USG
ODMSP by the international community since 1995

USG ODMSP (2001, 2019): ODPO led the interagency working group on
the efforts

IADC OD Mitigation Guidelines (2002, 2020): ODPO leads the U.S.
delegation to the IADC

UN COPUOS OD Mitigation Guidelines (2007) and UN COPUOS LTS
Guidelines (2019): ODPO supports the U.S. delegation to UN COPUOS

ISO Orbital Debris Mitigation Standard (2010, 2019): ODPO supports the
development of and update to the standard

Commercial support (via Space Act Agreements)
ODQN: more than 1700 subscribers from the global space community
Etc.

17/21 JCL
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The OD Problems

The long-term problem: The OD population continues to

increase over time despite decades of efforts to limit the
generation of new debris

The near-term problem: Mission-ending risk for most
operational spacecraft is driven by small, millimeter-
sized debris

18/21 JCL
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The Long-Term Orbital Debris Problem

 The OD population continues to increase over time despite
decades of efforts to limit the generation of new debris

— Green triangles|indicate when key OD mitigation guidelines and standard
practices were first established

— The global 25-year-rule compliance level has been <40% over the past 15 years
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The Short-Term Orbital Debris Problem

* There is far more small debris than large debris

— Mission-ending risk is driven by millimeter-sized debris in LEO, but there is

a lack of direct measurement data on such small debris
— Conjunction assessments and collision avoidance against the large (=10 cm)

tracked objects only address <1% of the debris impact risk

100,000,000
e 1 mm

10,000,000 ] _) -
5 [ mission-ending
] damage (fuel tank
< ='| 1,000,000 perforation, etc.)
2| NSRRI
o = degradation e 1cm _
2 § 100,000 damage catastrophic
{Ke] breakup
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Object Size
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Forward Challenges

« Key OD priorities to enhance the safety, stability, and
sustainability of operations in the future space
environment

— Improve space situational awareness on small debris,
especially the millimeter-sized debris in LEQO, to better
protect future space missions

— Promote better global compliance with existing mitigation
best practices to slow down the debris population growth

— Establish long-term goals, combining mitigation and
remediation, to preserve the near-Earth space environment

21/21 JCL



Assurance of Programmable Device Logic (PDL)/
Hardware Description Language (HDL) (FPGA/ASIC)

ESA/JAXA/NASA Trilateral Collaboration on Software
Assurance Taskforce

Tim Crumbley
NASA
Office of Safety and Mission Assurance

December 6, 2022



| Programmable Logic Devices

The Programmable Logic Devices Community of Practice covers all aspects of the design and use of electronics
with user programmable or configurable logic functions, including but not limited to Field Programmable Gate
Arrays (FPGA), Application Specific Integrated...
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NASA Software Engineering Requirements

g;::?dura] NPR 7150.2D
Requirements Effective Date: TBD
4 - Expiration Date: TBD

Subject: NASA Software Engineering Requirements

Responsible Office: Office of the Chief Engineer

| METRIC/SI

NASA TECHNICAL HANDBOOK NASA-HDBK-4008
w/CHANGE 1:
National Aeronautics and Space Administration REVALIDATED w/
ADMINISTRATIVE/
EDITORIAL CHANGES
2016-01-19

Approved: 2013-12-02

Programmable Logic Device. A semiconductor device based on a matrix of configurable logic blocks
connected via a configurable interconnect. The circuitry (combinational/sequential logic, memory/storage,
input/output) in a PLD is configured to meet design requirements for a desired application after device
manufacturing.

Software. In this directive, “software” is defined as (1) computer programs, procedures and associated
documentation and data pertaining to the operation of a computer system (IEEE 828-2012, 2.1) (2) all or a
part of the programs, procedures, rules, and associated documentation of an information processing system
(ISO/IEC 19770-5:2015, Information technology, 3.34) (3) program or set of programs used to run a
computer (ISO/IEC 26514:2008, Systems and software engineering—requirements for designers and
developers of user documentation, 4.46) (4) all or part of the programs which process or support the
processing of digital information (ISO/IEC 19770-1:2017, Information technology — IT asset management
— Part 1: IT asset management systems--Requirements, 3.49) (5) part of a product that is the computer
program or the set of computer programs (ISO/IEC/IEEE 26513:2017, Systems and software engineering—
requirements for testers and reviewers of information for users, 3.34). This definition applies to software
developed by NASA, software developed for NASA, software maintained by or for NASA, COTS, GOTS,
MOTS, OSS, reused software components, auto-generated code, embedded software, the software
executed on processors embedded in programmable logic devices (see NASA-HDBK-4008), legacy,
heritage, applications, freeware, shareware, trial or demonstration software, and open-source software
components.

PROGRAMMABLE LOGIC DEVICES (PLD) HANDBOOK

7.7 Software Development for an Embedded Processor

PLDs may contain one or more embedded processors, such as microcontrollers, central
processing units (CPUs), graphics processing units (GPUs), and/or digital signal processors.
These embedded processors execute software ranging from a simple series of istructions to an
operating system running applications, which is separately developed from the PLD design code.
This NASA Technical Handbook does not cover the development, verification, and validation of
software for such embedded processors. All software will be covered by software requirements
in NPR 7150.2, NASA Software Requirements.
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Opening Statement @

Challenging how mission assurance is and/or should be applied to commercial space systems.
United States policy requires and/or encourages growth in the domestic commercial space sector.
Procurement of commercial space products and/or services has a wide variety, with different risks and benefits.

Over the past decade, NASA has rapidly increased utilizing the commercial space sector to fulfill strategic
objectives.

The mission assurance level of effort should align with the risk posture of the mission and the acquisition strategy.

Currently, in-work and future work include sharing S&MA lessons learned and best practices and ensuring future
missions and their acquisition strategy match the risk posture.

sma.nasa.gov *
OFFICE OF SAFETY & MISSION ASSURANCE




US Progression of Policy on Commercial Space @

Commercialization of Space is a US procurement strategy to expand U.S. private sector involvement in civil space activities. Between 1963 and 1982, U.S.
expendable launch vehicle (ELV) manufacturers produced vehicles only under contract to the National Aeronautics and Space Administration (NASA) or
the Department of Defense (DOD).

Policy:

Q July 4, 1982, President Ronald Reagan issued national security decision directive (NSDD) 42, “National Space Policy,” stating that expansion of U.S.
private sector involvement in civil space activities was a national goal.

0 May 16, 1983, the President issued NSDD 94, “Commercialization of Expendable Launch Vehicles.” This stated the “U.S. Government fully
endorses and will facilitate the commercialization of U.S. Expendable Launch Vehicles. The U.S. Government will license, supervise, and/or
regulate U.S. commercial ELV operations only to the extent required to meet its national and international obligations and to ensure public safety.

0 Commercial Space Launch Act, enacted on October 30, 1984. This legislation addressed three substantive areas: licensing and regulation; liability
insurance requirements; and access of private launch companies to government facilities. Informs regulations on commercial human
spaceflight. Oversight was assigned to the DOT, later assigned to the FAA.

Q February 11, 1988, President Reagan issued the “Presidential Directive on National Space Policy,” which required U.S. government agencies to
purchases launch services from commercial companies. The U.S.-licensed commercial space industry made its first launch in March 1989 when
Space Service, Inc., sent a scientific payload on a suborbital trip aboard a Starfire rocket.

O U.S. Commercial Space Launch Competitiveness Act of 2015
U Encourage commercial spaceflight and innovation by: postponing significant regulatory oversight of private spaceflight companies until 2023; extending the period
during which the government indemnifies commercial spaceflight companies for third-party damages beyond the company’s required liability insurance; and granting
private companies the right to own resources collected in space, such as materials from asteroid mining.

0 NASA Transition Authorization Acts of 2017
U NASA authorization focused on long-term deep space human exploration, investments in science, technology and aeronautics portfolios, and growing the commercial
space sector. The law emphasizes maintaining NASA’s continuity of purpose across presidential administrations, and it also includes the TREAT Astronauts Act,
which ensures medical treatment for astronauts whose health is affected by space missions.

V4 1 =)AN ) sma.nasa.gov =1\ VAN

OFFICE OF SAFETY & MISSION ASSURANCE



Presenter
Presentation Notes
procured on any one of four ELVs: Titan, built by Martin Marietta; Atlas, built by General Dynamics; Delta, built by McDonnell Douglas; and Scout, built by LTV Aerospace Corporation. NASA would purchase a launch vehicle through traditional government procurement practices, and the launch would be conducted by a private-sector contractor under NASA supervision. The U.S. government essentially served as the only provider of space launch services to the Western world. 


Procurement Arrangement Spectrum @

Public Sector Degree of Control Private Sector

>

Traditional OCon PFD PFD-FO PF-FDO Commercial

Procurement Operation Partially Partially Partially Fund Development
Concession Fund-Design- Fund-Design- & Fully
Develop Develop & Design-
Fully Develop-Own-
Own-Operate Operate

Non-Traditional Procurement Arrangements

sma.nasa.gov *
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In literature and industry, these four NTP arrangements would be referred to as PPPs.  We refrained from using that language due to the on-going financial audit on PPPs.
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Budget Requests 2013 for Projects
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The first criterion excluded 
Aeronautics Research Mission Directorate (ARMD) projects 
The projects that are aggregated as Other Missions and Data Analysis, Small Spacecraft, Flight Opportunities and Other Tech Demo, or Venture Class Projects because they were not identified in the PBR documents as distinctive stand-alone Project items. 
Two exceptions were made to include Commercial Lunar Payload Services from SMD Planetary Science’s Other Missions and Data Analysis as it represented a new method of acquisition and OSAM-2 from STMD Small Spacecraft, Opportunities and Other Tech Demo as an example of a NTP that STMD utilizes. 

The second criterion excluded missions in operations phase. 

The selection criteria were based on the availability of data and applicability of the typology used for the study. 
Data on procurement arrangements are not readily available for small projects and projects that are led by NASA’s international partners. 
The typology used in this study is applicable to space flight missions only.


Project Selection Criteria
A space flight project categorized as a distinctive stand-alone Project item in the PBR documents
Two exceptions: CLPS and OSAM-2
In development in the respective PBR year
Not led by a foreign agency through international partnership 

Caveats and Assumptions
“Ownership” of tasks refers to the management of the tasks and the authority thereof.
FFRDCs and UARCs can be either publicly or private owned. For this study, they are considered as public entities due to their non-profit nature and the unique relationships 


Budget Requests 2023 for Projects

Public Sector Degree of Control Private Sector
Traditional C ial
ommercia
Procurement
PFD PFD'FO PF'FDO Deve|opment
Dragonfly
Europa Clipper HLS
GeoCarb
Crew Vehicle Dev IMAP KEVA®
Launch Vehicle Dev | | Mars Sample Return
| Orion Prod & Sus | MAIA VERITAS HALO ccp Deep Space Logistics
Nancy Grace Roman
OSAM-1 . Human Surface
SEP NEOPS:(;\éeyor DAVINCI Mobility Commercial LEO Dev CLPS
Psyche Crew & Cargo
SRLIFREX *OSAM-2 and
SWOT OSAM-2* XEVA are TN
VIPER (Archinaut) variations of PF- Legend
FDO ESDMD
SOMD
L SMD
Non-Traditional Procurement Arrangements STMD
\—__
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Observations @

Types of Procurement Arrangements at NASA ..Further Categorized by Non-Traditional Types
Budget
Request
in 2023

Budget
Request
in 2013

\ FD PF FDOCommI
|OCon Dev
b | PF-FDO

Number of Projects Number of Projects
B rad Proc. @ oCon B FFO @ FFD-FO B PF-FDO Comm'| Dev

@ Traditional Procurement 8 MNon-Traditional Procurement

= NASA now utilizes all types of Non-Traditional Procurement (NTP) projects, including Commercial Development

= Aligned with national space policy objectives to utilize the commercial space sector through industry collaboration and service acquisitions
= 99% increase in the proportion of number of NTP projects from 2013 to 2023
= 77% increase in the proportion of budget for NTP projects from 2013 to 2023
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Assessments

Sample of Data Requirement
Deliverables (DRD)

Safety and Mission Assurance (SMA) Plan 2 1 2 1

Safety and Health Plan Not included 1 1 Covered under SMA Plan

Mishap Preparedness and Contingency Plan Covered under Safety and Health
2 2 2
(MPCP) Plan

Safety Data Package (SDP) Not included Not included Covered under SSAR 1
System Safety Assessment Report (SSAR) 1 1 1 Covered under SDP

Failure Modes and Effects Analysis & Critical Covered under ISPA, HEA, and Cove.red unde_r I.SPA’ Rellabmty. Covered under Safety Data
, 2 Allocation, Prediction, and Analysis
Items List SMA Plan Package
Report
Micrometeoroid Orbital Debris (MMOD) 3 Covered under Integrated System 3 1

Analysis and Assessment Report

Planetary Protection Data Not included Not included 3 Not Included

Performance Analysis (ISPA)

Covered under Human Error
Probabilistic Risk Assessment (PRA) Analysis (HEA) Plan, Risk 3 Covered under HEA Plan, MMOD Not included
Management Plan

Types of DRD: Observations:

= Type 1 requires NASA approval prior to release » Gateway DSL is a full commercial development, yet requires more Type
=  Type 2 NASA reserves a time-limited right to disapprove 1 DRD compared to the other Programs.

=  Type 3 does not require formal NASA review and approval. = Variation in Type 1, 2, 3, or not included despite similar risk posture.

*References: Gateway Logistics Services Draft RFP Attachment 2 Data Requirements Description (DRD) - Published: 6/14/19, HLS Integrated Lander Attachment H, Data Procurement
M /\D Document (DPD) Published: 9/4/19, Lunar Terrain Vehicle (LTV) Services (LTVS) Draft RFP J-01 Data Requirements Descriptions (DRD’s) Published: 11/8/22, Exploration Extravehicular Activity
Services (xEVAS) Attachment J-01, Data Requirements Descriptions (DRD’s) - Published: 11/10/21
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Other assessments:
Compare SMA products across Artemis programs to better understand how SMA products are commensurate to the risk posture of that program.
Investigate differences in risk management across these programs/enterprises.


https://sam.gov/api/prod/opps/v3/opportunities/resources/files/b1c4cc0bb7a34104bf7a17b7106e7e5c/download?&token=

Conclusion & Next Steps @

Conclusion
= NASA s increasingly utilizing the commercial space sector to meet its wide variety of missions
= Requires changing SMA approach and culture, specific to each mission

= Requires flexible SMA services and products

“No one size fits ;I. 7 ]

Next Steps
= Feedback on what’s working, what's not, and what could be improved
= Revise SMA policies, requirements, procedures, expectations

= Leverage best practices and lessons learned in current and future acquisitions
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Conclusion
NASA is increasingly utilizing the commercial space sector to meet its wide variety of missions
Requires changing SMA approach and culture, specific to each mission
Requires flexible SMA services and products
No one size fits all
Next Steps
Feedback on what’s working, what’s not, and what could be improved
Commercial space sector, NASA Programs and Centers, SMA organizations, other Federal Agencies, and International Partners community
Revise SMA policies, requirements, procedures, expectations
Objectives and risk-based
Provide guidance & interpretation on how SMA should adapt and tailor requirements in NPR 7120.5 & 7120.8, 8705.4
Reduce duplication and provide consistency across the United States and NASA 
Leverage best practices and lessons learned in current and future acquisitions



TRILATERAL2022

f December 6-8, 2022

Trilateral Task Force — On-orbit Servicing and Reliability Engineering and
Mission Extension/Post Mission Disposal

Lead Nancy J Lindsey (NASA — OSMA/GSFC)
Members: Jesse Leitner (GSFC), Anthony DiVenti (NASA-OSMA), Toru Yoshihara (JAXA), Kenichi Sato (JAXA), Takashi Yamane (JAXA), Osamu Yamada
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Members: Jesse Leitner (GSFC), Anthony DiVenti (NASA-OSMA), Toru Yoshihara (JAXA), Kenichi Sato (JAXA), Takashi Yamane (JAXA), Osamu Yamada (JAXA), Fabrice Cosson (ESA), Silvana Radu (ESA), Sergio Ventura (ESA), Antonio Harrison Sanchez (ESA), Todd Paulos (JPL)

With the support of NExIS, JAXA, ESA, and their stakeholders in ADR/Servicing




How can
Reliability
Engineering
support

On-Orbit
Servicing/ADR?

Nancy J Lindsey: Trilateral Reliability Task
Force Lead

Agenda

* TOR Status

* PMD Consensus Documents
* Servicing/ADR Risk/Safety Support
* TOR Proposal

uuuuu

Icesat
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The Reliability Trilateral team has expanded its mission support insight efforts from PMD/mission extension to also focus on how can RMA best support designers/planners/decision makers in formulating servicing (or ADR) missions/operations. Therefore, we not only want to understand the policies and brainstorm how we can support these efforts within RMA, we want to validate and understand what our stakeholders’ need and other Assurance disciplines (e.g., Safety). Yes, we are talking about what evidence that would support the “assurance case” or “trade space” or “decision making” for lack of a better description.



Reliability Task Force Status/Closure

Review/Establish Similarity/Differences @
in Regulations/Documents on
Servicing Reliability

7 Capture a Comprehensive set of
Regulations/Documents on Servicing

* JERG-2-026 * 2018 Space Policy
* IDA - On-Orbit Directive-3 (US) v’ Create an International policy table
Manufacturingand  *  Planned ECSS/ESA v" Share Regulation/Policy and other documents
TOR Status Assembly of CPO Guidance v" Discuss similarities and differences
PMD Consensus Spacecraft Handbook «  Policy
«  JADC-02-01(2007) * NASA On-Orbit . Plans/Techniques
Documents «  1SO/CD 24330 satellite Servicing / ;
Servicing/ADR e 2020 National Space Study Project Report
Risk/Safety Support Policy (US) «  NASA COLA Handbook
 ODSMP

* Policies
 Research
e Codification

o Provide Recommendations to Agency

| Release/Enhance PMD/Extension @
“.~ and ISO Efforts for Servicing Documents

e Conclusions

common guidance and examples

v' Codify technical considerations and analysis v' Acquire each agency’s release authorization
TOR Proposal for reliability and viability of servicing V' Share the Trilateral PMD/Extension Analysis
v’ Discuss analysis approach similarities and Guidance Document (externally)
differences for serving for: v" Provide/supplement the guidance document with
* Mission Operations examples.
v

* Mission Disposal

v" Expand scope and participation

(Design/Safety/Mainatainbilty/Etc.)

Engage in example discussions to share value
assessments and approaches (common learning)
Explore operational and analysis methodology
advancements and update guidance as warranted
and found via expanded data sharing.
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Approved at last Trilateral 

And formal TOR schedule/ activities established 10-2021

Codification complete while documentation pending



TOR Status

PMD Consensus
Documents
Servicing/ADR
Risk/Safety Support

* Policies

* Research

* Objectives

* Conclusions
TOR Proposal

Consensus Document and Example Addendum

Cesa -,

L
ESA-TECOOD-TN-025335

| - .
Tri-Agency Religbility Engineering Guidance: Post

_Mission Dispos

European Space Agency*

[uiropesn Space Researrh sind-
Certre . v
1. PO B 299NL-2200 AG
ik, The Nethertands

j SR—t

Released
January 1, 2022

| and Exténsion Assessment - :* :

Forward

The Trilateral oartners — the European Space Agency [ESA), Japan Aerospace Exploration Agency (JAXA), and
Naticnal Aercnautics and Space Acministration (NASA) and the United States Gavernment (USG) in their execution
of safe and successful missions, have a long-standing histry of sustaining the shared space environment of
aperaticnal Earth-Moon orbits with their global space-stewardship, or spacekeeping, f these areas

This has driven missions to limit the genzration of new and long-lived debris, control debris releases, minimize
accidentel explosions anc collsions, and ensre Post-Mission Disposal of space systems, 5o that the snviroament
remains safe for futurs operatons end explortions. Given the continuec need for space systems to support globel
‘mandatory infrastructure and commercicl enterprise, spacefarers are extending beyond the Trilazeral partners,
mare and smallar satellites are being deployed, and current assets are being utilized much longer than expectad.
‘This is making soace more congastad than ever, therefors, the Trilateral partners are evaluating potential future
debris mitigation strategies, evolving technolozy, developng an-orbit servizing czpabilitis, and advanz ng their
abiltes to assess disposal end missicn extension olans. They are alsa sharing their lessors learned and idenifying

Ature state-of the-art for current and future space enterprises

Sustaining the space environment cannot be enstred by any one agency or country. Thus, the Trilaterel authors
have shared their lessons learned, insights, and guidanca, herein, on disposal and mission extensicn assessment.
strateges with the gratizude of ezch agency. As such, this document is not prescriptive, but was formulated to
enhance value-and-risk-balanced operational decision-making, support pelicy refinement, and guide spacefaring
partners beyand these agencies to assess their activities 'n space with safety and a global space-stewardship, or
spacekezping, in mind. This includes nat only the cisposal and missicn extension assessment ddressed herein, out
&lso preserving space history, ensur llab; ility of technology, supporting fellow aperators
without interfering, and the utilizatian of in-situ resources for the common benefit of humankind.

Izis the intention of the Trilateral partners hat this document evolves based an community lessons learned and
the introduction of naw assessment methodclogias. Sc, all raaders are encouraged to share their insigts with the
authors from their own application of this guidance or other strategias ta ensure each mission has a successful,
safe, and judicous life and conclusion.

Tri-Agency Reliability Engineering Post Mission Disposal
and Extension Assessment Guidance Addendum
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Tri-Agency Reliability Engineering Guidance: Post Mission Disposal and Extension Assessment - NASA Technical Reports Server (NTRS 20210024973) Released and can be accessed here: https://ntrs.nasa.gov/citations/20210024973

Addendum: The intent of this addendum to the guidance document, Tri-Agency Reliability Engineering Guidance: Post Mission Disposal and Extension Assessment, is to further assist spacefaring entities in assessing their designs and operational plans for extending missions and Post Mission Disposal (PMD) by providing an example. This example assumes a hypothetical mission that has had time on orbit and is now having its probability for 15yrs more of continued/deorbit success updated.  Note: the same methods can be used for other scenarios of interest. 
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PMD Consensus
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Servicing/ADR
Risk/Safety Support

* Policies

* Research

* Codification

* Conclusions
TOR Proposal

Servicing/ADR Support Discovery Process

Review and Compare Servicing/ADR Policies

@

Research and Compare Servicing/ADR Mission Plans, Goals, and Needs

)

Identify and Codify Objectives, Strategies, and Support Solutions for assuring
Servicing/ADR success

)

Sharing Findings to enhance Servicing/ADR Practices. Designs, and Policies
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Goal - How can RMA best support designers/planners/decision makers in formulating servicing (or ADR) missions/operations. 


TOR Status

PMD Consensus
Documents
Servicing/ADR
Risk/Safety Suppor

Policies
Research
Codification
Conclusion
TOR Proposal

Review and Compare Servicing/ADR Policies

International
(IADC & ITU) [1,
20]

United States [10, 11, 13, 14, 17]

Japan [3]

France [19]
(France is part of Europa but has
specific National requirements as
well)

Europe

IADC 2007: “Retrieval is also a
disposal option.”

1SO/CD 24330 (under
development until 2022)

Space systems — Rendezvous
and Proximity Operations
(RPO) and On Orbit Servicing
(00S) — programmatic

United States Government (USG) ODMSP proximity and satellite servicing: In the mission
profile for a structure, the program should limit the risk of debris ion as an of the The program
should (1) limit the probability of accidental collision, and (2) limit the probability of accidental explosion resulting from the
operations. Any planned debris generated as a result of the operations should follow the standard practices for mission-
related debris set forth in Objective 1 - CONTROL OF DEBRIS RELEASED DURING NORMAL OPERATIONS.

5-4. Safety of Active Debris Removal (ADR) operations: In developing the mission profile for an ADR operation on a debris
structure, the program should limit the risk of debris ion as an of the The program should (1) avoid
fragmentation of the debris structure, (2) limit the probability of accidental collision, and (3) limit the probability of accidental
exploslon resultlng from the operations. Any planned debris generated as a result of the operations should follow the standard

principles and p

1SO (24113:2019) does not
address servicing or proximity
operations.

Additional Spacekeeping
(Servicing and Debris Removal)

for i lated debris set forth in Objective 1. The operations should be designed for the debris structure to
follow applicable PMD practices set forth in Objective 4 - POSTMISSION DISPOSAL OF SPACE STRUCTURES

2020 National Space Policy: “Evaluate and pursue, in coordination with allies and partners, active debris removal as a potential
long-term approach to ensure the safety of flight in key orbital regimes.”

: “The United States should pursue active debris removal as a necessary long-term approach to ensure the safety of flight
opera ions in key orbital regimes. This effort should not detract from to advance i [4 Is for debris
with current “

FCC: Proximity Operations 59 (FCC-CIRC1811-02). With increasing interest in satellite servicing and other non-traditional missions,
there have been an increasing number of commercial missions proposed that involve proximity operations and rendezvous of
spacecraft. We propose that applicants be required to disclose whether the spacecraft will be performing any space rendezvous
or proximity operations. The statement would indicate whether the satellite will be intentionally located or maneuvering near
another spacecraft or other large object in space. Such operations present a potential collision risk, and operators will need to
address that risk, as well as any risk of explosions or generation of operational debris that might occur through contact between
spacecraft, as part of debris mitigation plans. Accordingly, we propose a disclosure requirement regarding these types of
operations

FCC 20-54 Proximity Operations 122. In the Notice, the Commission noted the increasing number of commercial missions
proposed involving proximity operations and rendezvous of spacecraft. The Commission proposed that applicants be required to
disclose whether the spacecraft is capable of, or will be, performing rendezvous or proximity operations. The Commission also
sought comment on whether the rules should include anything more specific regarding information sharing about proximity
operations with the 18th Space Control Squadron or any successor civilian entity. We adopt a disclosure requirement that would
identify situations where there are planned rendezvous and proximity operations and provide a vehicle for further review of
those operations. The disclosure requirement follows the general approach in the revised ODMSP of analyzing such operations
within the fi k of dard debris limiting debris release, preventing accidental explosions, and
limiting collision risk. Commenters generally supported this approach. We note the evolving and developing nature of these
operations, and accordingly find that more specific technical or operational requirements are premature at this time.

Member of CONFERS (The Consortium for Execution of Rendezvous and Servicing Operations) Studies

JERG-2-026 On-orbit service: Intentional interference
by a servicing spacecraft with a client spacecraft for
refueling, resupplying, adding or replacing
functionalities and assisting PMD.

Active Debris Removal (ADR) for inactive spacecraft /
target debris and transportation to/from a space
station is also a part of on-orbit servicing. ADR shall
be taken in to (1) Avoid unintended generation of
debris caused by a collision upon RPO, physical
contact and docking with a target as well as the loss
of debris mitigation functions are defined as a
critical hazard (e.g., serious effect on
environment).(2) Conduct a hazard analysis of the
entire system integrating a servicing spacecraft,
target and ground system, and take safety measures
to address the identified hazards and hazard causes
based on fault tolerance. (3) Additional fault
tolerance or equivalent measures are considered
when a collision could lead to a catastrophic
consequence such as serious threat to the manned
spacecraft because of its size, orbit, and/or payload
properties. (4) Avoid inducing failures direct or
indirect (impingement, contamination, etc.) in
servicing of client system. (5) Inability to separate
client and servicing if required.

In 2019, France released its Space Defense
Strategy, in which it acknowledged the
increasing importance in-orbit services will have
in the future due to the high number of objects
in orbit and the need to remove debris.

France is involved in the development of 10S in
the field of Active Debris Removal,
reconfiguration, and de-orbiting.

France has contributed to the development of
Space Debris Mitigation Guidelines of the
Committee, the European Code of Conduct for
Space Debris Mitigation, and the IADC Space
Debris Mitigation Guidelines.

The French Technical Regulation is consistent
with these guidelines, as well as with the ISO
24113 standard.

France is currently using debris mitigation
policies to guide Close Proximity Operations
(CPO) and RPO.

ESA’s Close Proximity Operations (CPO) Working
Group is preparing the safety/sustainability
requirements (e.g. technical, operational,
verification & validation) for non-human rated
missions executing rendezvous, proximity and
capture operations.

The CPO Working Group will provide technical
inputs to the European Cooperation for Space
Standardization (ECSS) Space Traffic
Management Working Group on technical
aspects concerning the development of
worldwide RPO) and OOS draft guidelines and
best practices handbook for 2022 release.

Currently using debris mitigation policy to guide
CPO and RPO.
Member of CONFERS

Common do no harm requirements: avoid debris generation

Slight variations in established policies

Common maintenance of compliance with debris mitigation policies

Common challenge of developing evolved reliability and hazard assessment tactics for Servicing/ADR
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Common do no harm requirements: avoid debris generation 
Common maintenance of compliance with debris mitigation policies
Common challenge of developing evolved reliability and hazard assessment tactics for Servicing/ADR 
Slight variations in established policies


References from Consensus Document:
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[10] U.S. Government (Nov 2019), “Orbital Debris Mitigation Standard Practices,” Retrieved 6 Jun 2021, https://orbitaldebris.jsc.nasa.gov/library/usg_orbital_debris_mitigation_standard_practices_november_2019.pdf
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ClearSpace-1
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CRD2
(commercial removal debris
demonstration)

CRD2
(commercial removal debris
demonstration)

Safe Rendezvous and Close Proximity
Operations
OSMA/MASCD/ODPO
MPAD

Safe Rendezvous and Close Proximity
Operations

Safe Rendezvous and Close Proximity
Operations
Former Director of NASA's Exploration and In-
Space Services Projects Division

Safe Rendezvous and Close Proximity
Operations
Technical Lead of Close Proximity Operations
(CPO) Working Group

Safe Rendezvous and Close Proximity
Operations
Member of Close Proximity Operations (CPO)
Working Group

R&D of
- Active debris removal technologies
- Guidance navigation and control technologies

R&D of
- Active debris removal technologies
- Guidance navigation and control technologies

Stakeholder interviews led to identifying ADR/Servicing Objectives and that no new
Reliability methods will be needed but current analysis methods will likely need to
expand their scope to provide all the risk-to-value information needed.
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Stakeholders

From  stakeholder meetings the team has identified that no new RE-method will be needed to support ADR/Servicing but current analysis methods will likely need to expand their scope/updates to provide all the risk-to-value information needed (e.g., risk to environment as a whole, risk to other space assets, risk to client/servicer, casualty risk, risk/plausibility of service).

Stakeholders were interviewed with the following questions to inspire an open dialog of needs and challenges in planning/designing (and developing evidence that would support an ADR/Servicing “assurance case” or “trade space” or “decision making”) servicing/ADR missions :

What is your/your agency’s philosophy or concerns with on on-orbit servicing and assisted debris removal (ADR)?

Mission Risks

What is the do you need to know to determine if the risk of servicing an operational asset is acceptable? Or What do you need to know to make an informed investment/execution decision?
What information do you need to assess the of risk of generating debris during Servicing and/or ADR over de-orbit?
What do you need to know in terms of critical operations risk acceptability? (multiple failure tolerance/etc.)
What do you need to know to determine if the risk (should this be quantified goal for close-proximity operations or requirement; like the current 0.9 for PMD) of close-proximity operations is acceptable? (collision) – Multiple assets failure induced, and Orbital dynamics induced?
What knowledge is needed (or what else is needed – collateral safety risks, etc.) to ensure your liability risks are protected?
What do you need to know to determine the risk of generating debris during Servicing and/or ADR? (from unacceptable contacts/bumps and manipulation)
What is the level of insight is need into types/amounts of debris generated from a servicing/ADR collision/bump? additional research/testing?

Technology/Implementation

What reliability or success assurances of the mechanical system and contact operations do you need?
What are the technology/capability changes/advancements you see in the near future (or would be needed) that would enable servicing/ADR further?
What is needed to have confidence in COTS parts use? additional research/testing?

Operations Concept

What is the forecast for maintainability/re-useability of servicing or ADR systems (avoidance of lost investments, multiple mission support) do you see? Or what kind of return to service after use (availability or safety) do you need from service/assistance provider?
What additional concerns do you have in regard to Controlled re-entry of an ADR over traditional PMD? (casualty risk, stacked, unstacked, size/mass)
How do you want assess condition/integrity of the “customer” asset to be serviced ADR’d ? (Aging tests? PoF? And Inspection?)
What are the impending policy or regulation changes you see in the near future for servicing/ADR?
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Reliability Engineering can support these solutions by performing expanded
Maintainability/Serviceability Analyses, DNH/Ops/Process FMECA/FTs, and Probabilistic
Servicing/De-orbit with appropriate knowledge.
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As with any space mission servicing and ADR are complex and potentially risky undertakings. There is a risk to the client, to the servicer and the orbital environment but the rewards can be great (additional use of a costly system, increased availability of orbital space, reduced potential for conjunctions, reduced debris, and reduced risk of cascading conjunctions (domino effect), or Earthly large debris impacts. Therefore, when performing these missions the goal must be to do no harm (Goal), by achieving the objectives of:  Perform service w/o damaging client, Perform service w/o damaging servicer, Perform service w/o generating debris, Relocate client to correct orbit, Return client/servicer to operations, and Prevent client/servicer from transitioning to and remaining in debris state by employing the strategies of:

Avoid disabling client functionality (methods 1, 4, 5,6)
Avoid collisions (methods 1, 2, 3)
Avoid bumps (methods 1, 2, 3)
Define operations to mitigate debris (methods 2, 4, 5)
Maintain De-orbit and Casualty Compliance (methods 4)
Release Client or Dispose of stack (methods 4, 5, 6)
Enable Servicer transition to client (methods 1 and 6)

With the following Reliability methods of :

Task 1: Perform DNH/Ops FMECA/FTA
Task 2: Perform Probabilistic Assessment 
Task 3: Perform Process FMECA/FT 
Task 4: Assess Probability of De-orbit   
Task 5: Perform Maintainability/ Serviceability  Analysis 

With Knowledge of :
Knowledge of Servicer Capabilities/Overrides/current state
Knowledge of trajectory and CA operations
Knowledge of Insurance limitations
Knowledge of Mass/Atmospheric Survivability
Knowledge of External Threats
Knowledge of grapple capture 
Knowledge of doing Nothing Cost/Risks
Knowledge of stacked Mass/Maneuverability
Knowledge of Part Failure Rates/Updates
Knowledge of client’s design (serviceability tech)
Knowledge of Ops plan & critical events
Knowledge of client’s /debris’ current state and service needs (consumables, disposal, refurbishment)
Knowledge of servicer’s design (serviceability tech)

From: 

Task A: Aging (systems/ materials/ dangling) analysis of Client/Debris 
Task B: Inspect Client from Grnd, TLM, or On-orbit 
Task C: NASA ODPO debris/break-up Testing /Modeling 
Task D: Conduct Design Rvws to Ensure Serviceability Technology is present 
Task E: Perform Orbit Analyses
Task F: Perform Causality Analyses
Task G: Part Testing/ Evaluation
Task H: Perform Entanglement/ Release Risk Assessments 
Task H: Select Capture method 
Task I: Verify Trajectory is Safe 
Task J: Perform collision avoidance operations


This is being documented in a Servicing/ADR support white paper. 
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Nancy J Lindsey: Trilateral Reliability Task
Force Lead

Conclusions

Engaging Reliability Engineering
Support Provides:

* Enhanced Failure Analysis

* Heightened Scenario Analysis

 Complex and Continual Asset Assessment
 Serviceability and Maintenance Analysis™

* Situational Debris Generation Modeling
and Testing

* Assures Servicer Viability and Feasibility

But all disciplines of Assurance Engineering need to support On-Orbit
Servicing/ADR as earlier in the mission formulation as possible.
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By using knowledge and collaboration with multi-disciplines

Reliability and Safety assist with Enhanced Failure Analysis  and Heightened Scenario Analysis
Mission operations assurance teams (CSOs/MAMs/QEs/OAs) conduct orbital asset assessments
Reliability and design/SEs assess an assets serviceability with design and maintainability analyses
ODPO and R&D (materials) assist with debris generation estimate from events postulated by REs/SEs
As always SMA best practices and personnel (QA/CSO/Parts/RE/etc) are engage in servicer implement for success

This is a multi-disciplinary assurance effort that will assist in RIDM and value assessment.

*Space specific Serviceability and Maintenance Analysis methodology development is needed!!
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Recommended Path Forward

¢~ Complete Recommendations for Agency
" Servicing/ADR Servicing/ADR Documents

v Codify technical considerations and
reliability analyses for servicing/ADR
* Document Codifications
* Acquire each agency’s release of
*  Reliability Servicing/ADR Support White
Paper
*  Tri-Agency Reliability Engineering Post
Mission Disposal and Extension
Assessment Guidance Addendum

Review/Explore operational and analysis @
Methods for Serviceability Analysis

* Explore operational and analysis methodology
advancements.

* Review/Establish best practice MTTF/MTTR /REL
estimation

* Expand participation (Design/Safety/
Mainatainbilty/Etc.) for innovation, similarities
and differences discussions

@ Expand/Capture Comprehensive
Knowledge Gathering/Sharing Solutions

* Operations
* Integration and Test
* Design
* Sensor Optimization and Processing/Automation
* On-orbit Inspection
* Digital catalogs of knowns
* In-orbit return of experience/lessons

learned
e Failure modes
e Hazards

Update guidance as warranted and best @
Practice/Policy Recommendations

* Provide/supplemental guidance
* Provide roadmap of Serviceability assessment
* Provide Policy/practice recommendation to each

agency
* Reliability
* Design

* Operations
* And others
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NEW TOR – continue to Explore operational and analysis methodology for serviceability 
(built in from the beginning) advancements and update guidance as warranted and found via 
expanded data sharing.

NASA is interested in Maintainability. – Failure mode catalog!! Hazards Catalog.
JAXA is “”              “”                    “” – Continue with this focus with serviceability. – Failure mode catalog!! Hazards Catalog.
ESA i(interested in continuing) – Proposal. In orbit return of experience (sharing data) – Failure mode catalog!! Hazard Catalog.


Participants: RE, Design, Operations, Engineering, I&T, Safety, Orbital Debris Eng,  Quality




Questions
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ClearSpace-1 will be the first space mission to remove an item of debris from orbit, planned for launch in 2025. The mission is being procured as a service contract with a startup-led commercial consortium, to help establish a new market for in-orbit servicing, as well as debris removal.

ESA - Earth’s first space debris removal mission

The Japan Aerospace Exploration Agency (JAXA) has scheduled Phase I of its Commercial Removal of Debris Demonstration Project (CRD2) for sometime in the year 2023. CRD2 is one of the world’s first technology demonstrations of removing space junk from orbit. (start at 57 sec) – also https://www.youtube.com/watch?v=HCWxdK7l0hI

https://newatlas.com/space/rocket-lab-space-junk-mission-jaxa/

OSAM-1 (short for On-orbit Servicing, Assembly, and Manufacturing 1), a robotic spacecraft equipped with the tools, technologies and techniques needed to extend satellites' lifespans - even if they were not designed to be serviced on orbit. Originally planned for 2020, its launch is currently planned for no earlier than 2025. Its first client will Landsat 7, an existing satellite launched in 1999, that needs refueling to continue operations. 

https://nexis.gsfc.nasa.gov/osam-1.html


BACKUP
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Re –logo backups


Current Spacekeeping Strategies

Code of Conduct E—
(Policies/Requirements)

Design for Servicing/ADR
Servicing

Active Debris Removal
(ADR)

Mitigate Debris generation in deployment and operations
Minimize on-orbit break-ups caused by propellants,
batteries, pressure vessels, self-destruct, wheels, or any
other stored energy by Passivation and design
NASA/DOD/ESA/JAXA Disposal minimum probability 0.9
requirement

Limit natural-decay time from LEO NASA/DOD/ESA/JAXA to

25 years

Retrieval of unusable satellites (or relocating to non-useful
regions) within 5 years while mitigating debris generation
Allowances for > 100 years of orbital storage/disposal
Conduct Servicing or Assisted Debris Removal (ADR) while
mitigating debris generation and/or collision/explosion risks
Conduct Servicing while avoiding damage to client or
servicer.

Jet Propulsion Laboratory
California Institute of Technology
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“Spacekeeping.” much like housekeeping except the House is our orbital space. Therefore, spacekeeping 

Encompasses: space debris monitoring, space debris/ spacecraft removal from orbit, on-orbit spacecraft refurbishment (servicing), and space material recycling.  (www.rcktmom.com) OR
Actions to maintain and sustain an operational orbital environment, such as Space Debris Monitoring, Space Debris/Asset Removal, Fragment/Collision Prevention, and Space Asset Management (Recordkeeping/Care/ Servicing/Refurbishment). (NASA/SP-20210024973, Tri-Agency Reliability Engineering Guidance: Post Mission Disposal and Extension Assessment)
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Current Spacekeeping Strategies

Code of Conduct
(Policies/Requirements)

Design for Servicing/ADR

Servicing —

Active Debris Removal
(ADR)

NASA has a long history of servicing and is continuing to
advance those techniques:

Robotic Refueling Mission ~ Remote Robotic Oxidizer
2011 - 2017 Transfer Test
2014

Hubble Robotic Servicing and
Deorbit Mission (HRSDM)

Solar Max Hubble Servicing Mission 1
1984 1993

Robotic External Leak Locator Raven/RRM Resre-L

2015 2017 - 2019 Now OSAM-1
(planned for
2024)

Hubble Servicing Mission 3B  Hubble Servicing Mission 3A
2002 1999
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Hubble Servicing Mission2 ~ HST Orbiting Systems Test (HOST)
1997 1998

Jet Propulsion Laboratory
California Institute of Technology
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SolarMax: Successfully repaired in 1984 through the cooperative features incorporated into the MMS spacecraft design that added five years to its life
HST: Five different servicing missions took advantage of the cooperative interfaces for ORUs, built-in EVA aids, and interfaces for the SSRMS to keep HST running far longer than envisioned
ISS: The showcase example of the success of in-space assembly, the ISS continues to utilize cooperative human and robotic servicing aids today for payload changeout, upgrades and repairs, and visiting vehicles
Orbital Express: Technology demonstration mission in 2007 that used cooperative servicing aids to perform rendezvous, docking, refueling, ORU changeout.
MMS: Launched in 2015 with cooperative decals to aid in autonomous rendezvous, if required, which were provided by SSPD


Reference: https://nexis.gsfc.nasa.gov/osam-1.html


Current Spacekeeping Strategies

ESA/JAXA are advancing ADR techniques with ClearSpace-1 and
CRD2:

* Code of Conduct
(Policies/Requirements)

 Design for Servicing/ADR
* Servicing

* Active Debris Removal ___-
(ADR)

Jet Propulsion Laboratory
California Institute of Technology
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ClearSpace-1 will be the first space mission to remove an item of debris from orbit, planned for launch in 2025. The mission is being procured as a service contract with a startup-led commercial consortium, to help establish a new market for in-orbit servicing, as well as debris removal.

ESA - Earth’s first space debris removal mission

The Japan Aerospace Exploration Agency (JAXA) has scheduled Phase I of its Commercial Removal of Debris Demonstration Project (CRD2) for sometime in the year 2023. CRD2 is one of the world’s first technology demonstrations of removing space junk from orbit. (start at 57 sec) – also https://www.youtube.com/watch?v=HCWxdK7l0hI

https://newatlas.com/space/rocket-lab-space-junk-mission-jaxa/



Objective (06): Prevent
client/servicer from
transitioning to and
remaining in debris

Risk/Safety Support

Goal: Do no harm to Earth, the space
environment, assets involved, and other
assets

Objective (01):

Perform service

w/o damaging
client

Objective (02):

Perform service

w/o damaging
servicer

Objective (03):

Perform service

w/o generating
debris

Objective (04):
Relocate client
to correct orbit

Objective (05):
Return
client/servicer
to operations

state

l

Strategy (S1): Avoid
disabling client/servicer
@@ Functionality ¢ ®

Strategy (S3): Avoid Strategy (S5): Maintain De-
orbit and Casualty

Compliance @

Strategy (S7): ): Enable Strategy (S4): Define

Strategy (S6): Release Client
or Dispose of stack

Strategy (S2): Avoid
Collision

Bumps/Unacceptable
® @ Contacts ®

operations to mitigate

® debris @ 6

servicer transition to
client state @)

Jet Propulsion Laboratory
California Institute of Technology
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As with any space mission servicing and ADR are complex and potentially risky undertakings. There is a risk to the client, to the servicer and the orbital environment but the rewards can be great (additional use of a costly system, increased availability of orbital space, reduced potential for conjunctions, reduced debris, and reduced risk of cascading conjunctions (domino effect), or Earthly large debris impacts. Therefore, when performing these missions the goal must be to do no harm, and 

Avoid disabling client functionality
Avoid collisions
Avoid bumps
Define operations to mitigate debris
Maintain De-orbit and Casualty Compliance
Release Client or Dispose of stack




Risk/Safety Support

J—
NASA/ESA/JAXA have or plan to:
Perform Do No Harm FMECA/FT of Servicing/ADR operations
Inspect Client/Debris from Ground, Telemetry, or On-orbit to determine
Avoid disabling client current state (Attitude, damaged/dangling equipment)
functionality Conduct Aging (systems/material) analysis of Client/Debris
Avoid collisions — iv. Conduct Client Serviceability/Maintainability Analysis
Avoid bumps Develop Operations and Capture plans
Define operations to _
mitigate debris With knowledge of:
Maintain De-orbit and
Casualty Compliance Grapple capture methods/limitations
Release Client or Dispose of Debris/Client’s design (serviceability) and current state
stack Operations critical events and fault tolerance
Enable servicer transition to Doing Nothing Cost/Risks and insurance limitations
client state Servicer capabilities including fail-safes/overrides
System/part failure rates and expirations
Existing serviceability technology of client/debris
~—

Jet Propulsion Laboratory
California Institute of Technology
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Assurance engineers help missions to Avoid disabling a client’s functionality

Failure Analysis  (FMECA/FT)
Scenario Analysis  (failure of mission, collision, Debris generation (Bumps/operations))
Life/Aging analyses
Inspections of Client
Serviceability/Maintenance Analysis (viability/need)

This involves operations, quality, reliability, parts, and materials, along with mission teams – and could result in the knowledge of an acceptable risk (cutting MLI for servicing)
This does not exclude software.


Risk/Safety Support

S N\ ASA/ESA/JAXA have or plan to:
Perform Operations Process FMECA/FT or STPA Hazard Analysis of

Servicing/ADR operations
Avoid disabling client ii.  Perform Probabilistic Risk Assessments (PRA) of all or critical events
functionality (rendezvous-capture)
Avoid collisions iii. Inspect Client/Debris from Ground, Telemetry, or On-orbit to determine
Avoid bumps - current state (Attitude, damaged/dangling equipment)
Define operations to iv. Develop Operations and Capture plans
mitigate debris . Estimate via testing/modeling debris/break-up results from bumps/
Maintain De-orbit and collision and perform Causality Analyses
Casualty Compliance
Release Client or Dispose of With knowledge of:
stack
Enable servicer transition to . Grapple capture methods/limitations
client state Debris/Client’s design (serviceability) and current state

Operations critical events and fault tolerance

Doing Nothing Cost/Risks and insurance limitations

Servicer capabilities including fail-safes/overrides

System/part failure rates and expirations

. Client/Debris material aging

Jet Propulsion Laboratory I 0 *
California Institute of Technology 7
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Assurance engineers help missions to Avoid collisions (damaging to both and maybe more) and bumps (relatively localized or client only) that could damage or generate debris.

Failure Analysis  (FMECA/FT or STPA (process)) Hazard Analyses 
Scenario Analysis  - PRA (failure of mission, safety issues, collision, Debris generation (Bumps/collisions))
Life/Aging analyses
Inspections of Client
Maintenance Analysis
Causality Analyses--- estimate the risk of uncontrolled debris impacting the Earth. (cascade)


This involves testing/R&D, operations, safety, quality, reliability, parts, and materials, along with mission teams 
This does not exclude software.


Risk/Safety Support

S N\ ASA/ESA/IAXA have or plan to:
Perform Operations Process FMECA/FT or STPA Hazard Analysis of

Servicing/ADR operations
Avoid disabling client ii. Inspect Client/Debris from Ground, Telemetry, or On-orbit to determine
functionality current state (Attitude, damaged/dangling equipment)
Avoid collisions iii. Conduct Aging (systems/material) analysis of Client/Debris
Avoid bumps iv. Conduct Client Serviceability/Maintainability Analysis
Define operations to . Develop Operations and Capture plans
mitigate debris S i. Estimate via testing/modeling debris generation results from operations
Maintain De-orbit and
Casualty Compliance With knowledge of:
Release Client or Dispose of
stack . Grapple capture methods/limitations
Er)able servicer transition to . Debris/Client’s design (serviceability) and current state
client state Operations critical events and fault tolerance

Doing Nothing Cost/Risks and insurance limitations

Servicer capabilities including fail-safes/overrides

System/part failure rates and expirations

Existing serviceability technology of client/debris

~—

Jet Propulsion Laboratory N . *

California Institute of Technology
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Assurance engineers help missions to Define operations to mitigate debris that could damage any asset at a later time (orbital speeds make even the smallest fleck of paint damaging (E.g., ISS 2016 Window damage - https://www.dailymail.co.uk/sciencetech/article-3587882/What-happens-tiny-fleck-paint-hits-space-station-Tim-Peake-reveals-crack-ISS-window-debris-collides-craft.html).

Failure Analysis  (FMECA/FT or STPA (process)) Hazard Analyses 
Scenario Analysis (nominal and failed mission  Debris generation (Operations/Bumps/collisions))
Life/Aging analyses
Inspections of Client
Maintenance Analysis

This involves testing/R&D, operations, quality, reliability, parts, and materials, along with mission teams 
This does not exclude software.


Avoid disabling client
functionality

Avoid collisions
Avoid bumps

Define operations to
mitigate debris
Maintain De-orbit and
Casualty Compliance

Release Client or Dispose of
stack

Enable servicer transition to
client state

Risk/Safety Support

NASA/ESA/JAXA have or plan to:

Assess De-orbit Probability, Duration, and Survivability

Perform orbit analyses of stacked and unstacked configurations (orbit
parameters and impact location)

Inspect Client/Debris from Ground, Telemetry, or On-orbit to determine
current state (Attitude, damaged/dangling equipment)

Develop Operations/Disposal plans (maneuvers/release)

Perform Causality Analyses

With knowledge of:

Stacked and unstacked mass and maneuverability
Debris/Client’s design (serviceability) and current state
Operations critical events and fault tolerance

Doing Nothing Cost/Risks and insurance limitations
Servicer release capabilities including fail-safes/overrides
System/part failure rates and expirations

Client/Debris material aging

Jet Propulsion Laboratory
California Institute of Technology
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Assurance engineers help missions to De-orbit and Casualty Compliance (Ps = 0.9 and TBD) and ensure Release Client or Dispose of stack
To avoid creating more debris or useless structures.

Probability of successful event calculations and natural decay time-span after relocation.
Orbital analyses
Inspections of Client
Maintenance Analysis
Causality Analyses--- estimate the risk of stacked or unstacked  debris impacting the Earth. (cascade)


This involves orbital analysts, operations, safety, quality, reliability, parts, and materials, along with mission teams 
This does not exclude software.


Risk/Safety Support

S N\ ASA/ESA/JAXA have or plan to:
Perform Do No Harm FMECA/FT of Servicing/ADR operations
Inspect Servicer from Ground, Telemetry, or On-orbit to determine
Avoid disabling client current state (Attitude, damaged/dangling equipment)
functionality iii. Conduct Aging (systems/material) analysis of Servicer
Avoid collisions iv. Conduct Servicer Serviceability/Maintainability Analysis
Avoid bumps . Develop Operations and Capture plans
Define operations to _
mitigate debris With knowledge of:
Maintain De-orbit and
Casualty Compliance . Grapple capture methods/limitations
Release Client or Dispose of . Debris/Servicer’s design (serviceability) and current state
stack . Operations critical events and fault tolerance
Enable servicer transition to Doing Nothing Cost/Risks and insurance limitations
client state — . Servicer capabilities including fail-safes/overrides
System/part failure rates and expirations
Existing serviceability technology of client/debris

Jet Propulsion Laboratory
California Institute of Technology
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Assurance engineers help missions to Avoid disabling a servicer’s functionality

Failure Analysis  (FMECA/FT)
Scenario Analysis  (failure of mission, collision, Debris generation (Bumps/operations))
Life/Aging analyses
Inspections of Servicer (by new Servicer)
Serviceability/Maintenance Analysis (viability/need)

This involves operations, quality, reliability, parts, and materials, along with mission teams – and could result in the knowledge of an acceptable risk (cutting MLI for servicing)
This does not exclude software.
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OSMA Supply Chain Risk Management (SCRM)
Overview
Valle Kauniste
Trilateral



Why SCRM?
Strategic Situation / USG Policy

 NASA missions rely upon multitiered, interconnected and global supply chains of
commercial, non-profit and government organizations to develop and operate

complex, high-value and innovative systems for the nation
« Dynamic array of technical, business, market and security risks threaten to disrupt or deny the
timely, affordable provisioning of products and services as required for mission success

« Administration policies, including:
» Executive Order 14005, Ensuring the Future is Made in All of America by All of America’s
Workers (1/25/2021)
* ... the United States Government should ....maximize the use of goods, products and
materials produced in, and services offered in, the United States.
« Executive Order 14017, America’s Supply Chains (2/24/2021)
» The United States needs resilient, diverse and secure supply chains to ensure our
economic prosperity and national security.
» United States Space Priorities Framework (12/2021)
 .... the United States will ... strengthen the resilience of supply chains across the nation’s
space industrial base.



Presenter
Presentation Notes
Executive Order 14005, Ensuring the Future is Made in All of America by All of America’s Workers (1/25/2021)
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/25/executive-order-on-ensuring-the-future-is-made-in-all-of-america-by-all-of-americas-workers/

Executive Order 14017, America’s Supply Chains (2/24/2021)
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/02/24/executive-order-on-americas-supply-chains/

United States Space Priorities Framework (12/2021)
https://www.whitehouse.gov/wp-content/uploads/2021/12/United-States-Space-Priorities-Framework-_-December-1-2021.pdf





Key SCRM Challenges

Build supply chain visibility within and across projects to provide
insights/situational awareness, identify/assess risks and support informed
decision-making

Streamline the planning, resourcing and performance of supplier quality
assurance activities to optimize the reduction of priority risks (isolated and
cross-cutting)

Improve interfaces with established risk management and decision-making
processes to anticipate, avoid and reduce supply chain risks

Enable continual improvement of SCRM efforts through the recognition
of shared concerns and collaborative solutions



About the OSMA SCRM Program

Launched October 2019

Holistic approach to solutions for sustainable, effective SCRM:

O

O
O
O

Policy and processes
Information systems
Workforce expertise
Organizational culture

Key initiatives include:

Information Platform: NASA Supply Chain Insight Central (SCIC) information
services platform (operational since March 2021)

Collaboration and PO“CV enabling SCRM across the NASA enterprise



OSMA/SCRM Overview

Rules and tools: Enhance tools, techniques and systems that and create process efficiencies and
informed decision-making

Enterprise-wide Digital Transformation: Machine Learning, Data capture, Data discoverability, Analytics,
Automated workflows for GCQA efforts

Platforms: Supply Chain Insight Central (SCIC), NANADARTS (Alerts/Advisories management)

Templates, forms, compliance matrices, increasing FAR/NFS options, leverage OSMA quality audit process
(QAAR), leverage OSMA independent assessment.

Leverage industry-managed SCRM data (e.g, OASIS, GIDEP databases)

New and improved standards: SAE (AS9100, AS9003, AS9018), Nadcap/PRI, AIA

Leveraging Center/Program capabilities or initiatives for wider use: Open-source supplier risk indications
(GSFC), QA data system (ESD, administered by ARC)

Integrate QA with Procurement: Collaborate with the Office of Procurement to enhance
procurement strategies

QA at the table during acquisition planning, FAR approach

Requirements management: RFP/Contract QA clauses, flow down, surveillance plan template, QA
Implementation Plan assessments, Prime Contractor QA metrics and reporting (holding Primes accountable)
Past performance/risk to impending contract, Performance award fee inputs

QA supplier surveillance budget process (CAAS) and delegations to DCMA



S OSMA/SCRM Overview (cont.j

Workforce competency:
* Training: FAR/NFS, contracts, legal liability re: DD 250, using rules and tools

* Leverage Quality Assurance Working Group
* Leveraging the QLF, NSC STEP, NSC Webinars

Risk leadership in Supplier Surveillance (includes improving leadership to DCMA)
* Improving the CAAS budgeting processes for GCQA Resource allocation across the supply chain
e Data driven: Increase Program Management insight to risks and threats.
 Hold Primes Accountable and develop a remedy for under-performing suppliers (CARs, Ratings)

GIDEP
e NPR8735.1:
o Policy for participation by NASA and its suppliers in the GIDEP Program; NPR 8735.1
o NASA Advisories process; fills reporting gaps in GIDEP program
e NARS/NANADARTS
o Data management platform
o Automates closed loop GIDEP/Advisory research/reporting process
e Alert sharing with partners
o Coordinates with Trilateral committee
o Coordinates for Programs/projects with international partners



o

OSMA/SCRM Overview (cont.)

Counterfeit Avoidance:
e FAR/NFS procedures, flowed into P/p via NPR 8735.2
e leverage industry standards (30+ compliance standards, test methods, guidelines)
e C(Classroom training and on-demand Webinar
e Support to Office of Chief Counsel’s Acquisition Integrity WG

Support other Agency SCRM Efforts and Information Sharing:
e HQ/AA Supply Chain Ecosystem Working Group
OMB
ICT SCRM: Carry requirements in quality policy, attend WG meetings as needed
Space Industrial Base Working Group (SIBWG): Seeking integration to flag products known to be high risk
Respond to inquiries from Legislative and Executive Branches, other Agencies including Dept. of
Commerce
e NASA Enterprise Protection Working Group



SCIC Information & Analysis Services
Current State

Operational:

Core platform functionality for integrated data management, display and utilization (initial March 2021 release)
Application: Contract Administration and Audit Services (CAAS) Quality Assurance Resource Planning

Functionality: NASA Critical At-Risk Industrial Technology List (CARITL) -- 63 items with 162 associated suppliers in SCIC
Functionality: OSMA SCRM Hot Topics

Supplier Research & Analysis (SRA) service employing business intelligence techniques and information resources

— e.g., Helium Shortage; Alpha Spectra -- domestic alternative to Ukraine source (Amcrys) of crystals and scintillator
detectors for spacecraft instruments; financial capability assessments for high value procurements (NASA FAR
Supplement 1809.105-1)

302+ authorized SCIC users (NASA civil servants & direct support contractors) across the agency

4,099+ supplier records with related supplier assessments (3,859+), supplier research & analysis reports (173+), and
other reports (28+)

Ongoing / planned developments include:

Application: NASA-Delegate (DCMA) Supplier Quality Assurance Reporting

Application: Supplier Major Nonconformances Reporting

Application: NASA Critical At-Risk Industrial Technology List (CARITL) Process

Application: U.S. Civil Space Industrial Base Survey Data Management and Analysis

Scale-up current SRA Dashboards (Global Risk / Foreign-Based Suppliers; AS9100 Certifications / Suppliers)
Data connections with other information systems (e.g. Nadcap, OASIS, NASA GIDEP)

Application: Supply Chain Visibility Reporting portal



Discussion / Next Steps

Action plan to boost Supply Chain Visibility for pro-active SCRM

Strengthen collaboration, interfaces and integrated management of data and information for

SCRM analysis and decision-making

» Use and build upon current and developing SCIC capabilities

Foster a SCRM mindset and supporting best practices across the NASA Project Lifecycle

OSMA SCRM resourcing

An OlId Proverb
For want of a nail the shoe was lost;
For want of a shoe the horse was lost;
For want of a horse the rider was lost;
For want of a rider the battle was lost;

For want of a battle the kingdom was
lost;

And all for the want of a horseshoe naiil.

Valle Kauniste

Program Manager, HQ/OSMA Supply Chain Risk
Management, valle.j.kauniste@nasa.gov



Presenter
Presentation Notes
As a way of wrapping up, I wanted to share with you this old proverb dating back to the 14th century in Europe.

Supply Chain risks are not new … and if realized can have severe, even catastrophic consequences … and even minor risks can be amplified in today’s highly interconnected, global economy and shifting conditions.  Do you know where your horse shoe nails come from?

Today, however, we are working to create greater insight, understanding and knowledge as we address supplier concerns and risks, build confidence in the supply chains for our space systems and achieve our mission of science and exploration.

Any questions?  I’m also happy to speak with you afterwards.


mailto:valle.j.kauniste@nasa.gov
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National Aeronautics and Space Administration

NASA Office of Safety and Mission Assurance
Organizational Overview

ESA/JAXA/NASA Trilateral SMA Meeting

December, 2022

OSMA 1IVBV NSC

wwow nasa gov sma.nasa.gov OSMA




Office of Safety and Mission Assurance OSMA vs. Center Mission
Assurance Roles

OSMA:
Lead SMA Technical Authority (TA).
Manage SMA capability leadership.

" Review and assess the
Mr. Russ DeLoach CHIEF, SAFETY e " -
Chief. SMA AND MISSION ASSURANCE big three” (Planetary Protection,
’ Orbital Debris mitigation, Nuclear
DEPUTY CHIEF Flight Safety).
NASA CENTER SMA DIRECTORS 0 -
* Ames Research Center: A. Demo Center S MA Organlzatlons:
« Ammstrong Flight Research Center: G. Graham Matrix support for Programs and
e Glenn Research Center: K. Martzaklis PrOjeCtS
¢ Goddard Space Flight Center: D. Healey P ’ Proi L | TA
e Jet Propulsion Laboratory: M. Herman rogram- and rOJeCt- eve g
¢ Johnson Space Center: W. Lyles ; 3
 Kennedy Space Center: R. Rodriguez Other O rgan izations:
- Langley Research Center: . Cocell Man:::;:megﬁice Office of the Chief Engineer: Space
* Marshall Space Flight Center: . Hi .
e Stennis Space Center: G. Benton Melanie traﬁ:IC ma_nagemen_t
Osei-Acheampong and mission security.

Mission Assurance . T NASA Independent
Standards and Missions and Programs Institutional Safety NASA Verification and Validation

Capabilities Division ASje:smer;lt Division Mar:geT(\al\r,]ttDlwswn I-|Safety C(:’r:ter Program
Dr. Matt Forsbacka ohnny Nguyen rant ¥Yatson armony Niyers Wesley Deadrick

Full NASA organizational structure at https://www.nasa.gov/about/org_index.html.

Sma.nasa.gov




Office of Safety and Mission Assurance

CHIEF, SAFETY
AND MISSION ASSURANCE
Russ DeLoach DEPUTY CHIEF
NASA CENTER SMA DIRECTORS
* Ames Research Center: A. Demo
¢ Armstrong Flight Research Center: G. Graham Frank Groen

¢ Glenn Research Center: K. Martzaklis

¢ Goddard Space Flight Center: D. Healey

¢ Jet Propulsion Laboratory: M. Herman

¢ Johnson Space Center: W. Lyles

¢ Kennedy Space Center: R. Rodriguez

¢ Langley Research Center: C. Cockrell
— ¢ Marshall Space Flight Center: W. Hill

Willie Lyles Nathan Vassberg * Stennis Space Center: G. Benton

Resources
Management Office
Melanie
Osei-Acheampong

Ana Lopez

Melanie Osei  Taylor Dacko

Scott Seyl

Mission Assurance
Standards and
Capabilities Division
Dr. Matt Forsbacka

NASA Independent

Missions and Programs Verification and Validation

Assessment Division
Johnny Nguyen

Institutional Safety NASA
Management Division Safety Center
Grant Watson Harmony Myers

Program
Wesley Deadrick

fi ‘ ‘ ? !
Matt Forsbacka Elaine Seasly Nick Benardini Tim Crumbley Nancy Lindsey Johnny Nguyen

Don Helton Tony Diventi Pete Majewicz Valle Kauniste

Sma.nasa.gov
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NASA Highlights
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Major Upcoming Missions

Figure 1: Agency Timeline of Major Projects and Missions

Artemis IV .
Dragonfly 2
: Nancy Grace Roman
Artemms | . Artemis II szi:e Telescope
Europa Clipper, Plankton, Aerosol,
Cloud, ocean Ecosystem (PACE) ' EI
2022 2023 2024 2025 2026 2027 H
A
Artemis 11 |
Interstellar Mapping and - 0 =
Psyche Acceleration Probe (IMAP) B LR

Boeing Starliner Crew
NASA-ISRO Synthetic Aperture Radar (NISAR)
Surface Water and Ocean Topography (SWOT)
[LLow-Boom Flight Demonstrator
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NASA Priorities and Initiatives

Underscores Administration’s priorities: strengthening
the United States’ (U.S.) global leadership in space
and aeronautics; tackling the climate crisis; building
a sustainable human presence at the Moon and
continuing human exploration on towards

Mars; spurring innovation that builds back better and
creates jobs; leading an alliance of international
partners to enhance cooperation in space and
stimulate commercial activities in low Earth orbit; and
advancing diversity, equity, inclusion and accessibility
in a way that inspires present and future generations.

A shared vision for principles, grounded in the Outer
Space Treaty of 1967, to create a safe and
transparent environment which facilitates
exploration, science, and commercial activities for
all of humanity to enjoy.

PAGE 10

NASN STRATEGIC PLAN

THE ARTEMIS ACCORDS

A

ATEMIS

AJTEMIS ACCORDS
United for Peaceful Exploration of Deep Space

ORIGINS,
WORLDS

«o LIFE

Sma.nasa.gov

[This] objectives-based approach focuses on the big
picture, the “what” and “why” of what NASA should be
doing in terms of deep space exploration before
prescribing the “how”.

63 objectives spanning multidisciplinary science,
transportation and habitation, lunar and Martian
infrastructure, operations, and a new domain:
recurring tenets.

Research strategy to maximize advancement of
planetary science, astrobiology, and planetary defense
in the coming decade. Relies heavily on inputs from
the scientific community to establish the scientific
basis and direction for its space-science flight- and
ground-research programs and technology
development activities.



Presenter
Presentation Notes

https://www.nasa.gov/sites/default/files/atoms/files/fy_22_strategic_plan.pdf

https://science.nasa.gov/science-pink/s3fs-public/atoms/files/Decadal-Strategy-Planetary-Science-and-Astrobiology-2023%e2%80%932032.pdf

https://www.nasa.gov/sites/default/files/atoms/files/m2m-objectives-exec-summary.pdf

https://www.nasa.gov/specials/artemis-accords/img/Artemis-Accords-signed-13Oct2020.pdf
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OSMA Strategic Direction

OSMA formulating objectives to improve support of the next erarof aerospace, e.g.:

3

« Enable missions and institutions to effectively and effir'c':ier'itly ifﬁiﬁlement SMA
» Catalyze culture of risk leadership and management '

 Make OSMA processes and services objectives-driven and
risk-informed :

» Cultivate technical and organizational excellence

» Adjust capabilities and tools to support emerging needs — move to
a digital world

PAGE 12 sma.nasa.gov Cl SM/*\




i

Organized around three pol’iﬁy{".'

bjectives:

* Assure acceptablelllévels éf'ﬂight crew safety and
mission success risk - ; | ‘

Subject: NASA Policy for Safety and Mission Success -

Responsible Office: Office of Safety and Mission Assurance

+ Protect the public, NASA workforce, high-value property,
st e e s e e and the terrestrial, orbital, and planetary environments
L S from potential harm . o

R due to NASA operations and activities | k-

fety and missio

S ———— « Cultivate a robust safety culture that values and pursues-
e technical and organizational excellence in order to .
e e et 8 e o et understand and reduce risk Saf g

(d) Risk
in an inte

7 7 Emphasizes objectives-driven, risk-informed,
%ﬁﬁ:ﬁ‘.’:ﬁ‘;.i‘;‘:’:::.‘:;ﬁ??ﬂ m“"".., X case-assured a pproac hes

e NASA Online Directives Information System (NODIS) Library to ve
e correct version before o
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Other Notable C

Nuclear flight safety (NPR 8715.26)
» Restructures nuclear flight authorization process consiste
» Recognizes Interagency Nuclear Safety Review Board; defines safety criteri:

* Planetary protection (NPR 8715.24 /| NASA-STD-8719.27)
» Reflects “new” organizational structure; updates and restructures technical requirements

+ Risk management (NPR 8000.4C)
* + Makes the subject of cybersecurity and cyber risk explicit within risk management
requirements

- "+, Payload safety (NASA-STD-8719.24A)
» Reflects current revision of USSF SPFCMAN 91-710 (Space Force Range Safety
User Requirements Manual)

. *. Orbital Debris Mitigation (NASA-STD 8719.14B)
d » Improves alignment with US Government Orbital Debris Mitigation Standard Practices

" All documents online in “NODIS library” and standards.nasa.gov

PAGE 14 sma.nasa.gov (=Y \V VAN



Planetary Protection — COSPAR PP Policy Restructuring

* NASA has dissected the COSPAR PP Policy and is proposing a plan for modernizing and restructuring this policy
at the upcoming COSPAR PP Panel meeting in Dec 2022.

« Driving needs for change
» Increased mission cadence and players in private sector, commercial space and member States.
» Current policy lacks flow and contains redundant sections which are hard for end users to implement.
» An opportunity exists to develop a structured policy to serve as a forward-leaning international standard.
» Support by COSPAR PPP leadership to update.

» Development of a policy framework to streamline onboarding of crewed mission guidelines upon
knowledge gap closure.

» Key proposal changes are to include rearranging policy into a logical flow, clarifying roles and responsibilities,
changing policy language to reflect non-binding regulatory intent, seeking to define harmful contamination to
ensure clear policy intent, defining objective requirements in the key guidance and moving prescriptive
requirements to Appendices as supporting examples, updating references, cleaning up redundant sections and
making policy hardware agnostic.
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Assisted Planning of Assurance Activities

RISK CLASSIFICATION

PROJECT TAILORING

AlM

« Default content provided by
Admins/Tech Fellows

» Administrative Access

» Authoritative Source of Truth

SMAP

SMA COMMAND MEDIA
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PAGE 2 sma.nasa.gov Cl SM/*\



Presenter
Presentation Notes
Less trust, more truth.


Vignette

Placeholder for graphics

PAGE 3 sma.nasa gov OSNM/\



National Aeronautics and Space Administration

Planetary Protection Task Force Update On Proceeding
Forward on a Mutual Certification of Joint Missions for PP

ESA/JAXA/NASA Trilateral SMA Meeting

N. Benardini, K. Fuijita, E. Seasly, and S. Sinibaldi
December, 2022

wwow nasa gov sma.nasa.gov OSMA




PAGE 2

Task Force Discussion from 2021

« JAXA presented a proposal for Agreements on

acceptance/exemption of PP implementation
and reviews in joint missions.

While missions are aligned with COSPAR PP
Policy as an international standard — JAXA
would like to have more formal consensus
document to streamline the certification process
between the three agencies.

Short term task force was recommended to
discuss how to proceed on a mutual
certification consensus.

Discussion was that this should take place in
addition to the existing
communication/collaboration channels.

9. Discussion: Murtual acceptance/exempition of reviews conducted by each agencies (Dr
Elaine E. Seasly, Dr James N. Benardini, Dr Kazuhisa Fujita)

This topic pertained to coordination between the agencies in the area of planetary protection.

Dr. Kazuhisa Fujita presented a proposal for Agreements on acceptance/exemption of planetary
protection implementation & review in each joint international missions. The current
implementation of planetary protection is conventionally carred out based on COSPAF. Planetary
Policy and Guidelines for each mternational missions, but JAXA would like to have a formal
consensus document on basts and common roles for mutual certification of planetary protection

review with three agencies to simphfy the process.

While all agencies agreed this is an important topic that requires continuons communication and

4/ 10

12 ESA-JAYA NASA S&MA Trilateral Meeting
June 16% — 17% 2021
Online Meeting (hosted by JAXA)

Cesa A @

Sma.nasa.gov

collaboration among three agencies. the concem was raised on finding a commeon ground/filling the
gap between the agencies on what the requirement should be. NASA mentioned the need to
recognize other stakeholders involved in the US, including commercial entities, and ongoing
developments regarding planetary protection policy. It also recalled the trilateral protocol regarding
orbital debris mitigation as a possible model for moving forward. ESA mentioned that they need

more time to get involved in the discussion.

Conclusion:

It was agreed to explore the option to create a shori-term TF in the next trilateral to discuss how to
proceed on a  mutual certification of joint missions for planetary protection (AT 3). Meanwhile, the
existing communication/collaboration channels should be maintained.

OSMA




Task Force Overview

ESA, JAXA, and NASA Offices of Planetary Protections involved.

Face to face meeting at the COSPAR General Meeting in Athens to kick off approach on

establishing roles and responsibilities.

Each agency completed evaluation of policy and mapping to generalized roles and responsibilities

key areas.
Several virtual meetings held to discuss and align mappings to key areas.

Task force continuation and follow-on meetings recommended now that structure and roles and

responsibilities have been established.
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Agency Roles and Responsibility Mapping
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Mapping Overview

Roles and responsibilities mapped to 12 key areas

4

SR OI S i

10.
1l

12.

Safety office consults on biosafety/public health for control/containment of
restricted return

Safety office advises MDAA on partnered missions

Reviews project's preliminary PP mission categorization request

After review, PPO provides implementing consultation throughout life cycle
PPO advises projects on Agency requirements and international agreements

PPO oversees project's identification of requirements and accepted
standards

PPO verifies project's implementation plan and use of alternative approaches
complies with Agency regs

PPO oversees project's execution of PP plan by coordinating for compliance
Independent verification assays of environments, facilities, flight hardware
Monitoring activities and facilities; recommending best practices

Observe significant development/qualification tests to verify conformance to
plans

PPO oversees project's identification of PP requirements for extended
mission activities

Sma.nasa.gov
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1 MASA ESA JAXA
OSMA Chief and PPO S&MA Director and PPO Responsibilities
Responsibilities
Indipendent Safety Office (TEC
2 Ql) and PPO responsibilities

safety office consults with other
offices on biosafety/public health and
for control/containment of restricted
Earth return samples

Chief of the safety office consults
with chief of the health and
medical office on biosafety/public
health and consults with chief of
the engineering office on robust
control and containment of
restricted Earth samples. 2.3.1.h

Indipendent Safety Office TEC-
Ql conduct safety assessment
consulting relevant experts
{including publich health when
necessary) to assure break-of-
the chain on restricted Earth
return sample missions. (4.1.2
& ECSS5-U-5T-20_1430001)

At this moment, 5&MA office does not
have a definit procedure to consult with
other offices on biosafety/public health for
control/containment of restricted Earth
return samples, since JAXA has no
experience and ongoing plan of Category IV
mission and sample return from protected
solar system bodies

Safety office advises MDAA on
partnered missions

Chief of the safety office advises
the Mission Directorate AA and
other organizations in the
negotiation of a mission specific
process for partnered missions
with the appropriate interagency,
commercial, and international
partners. 2.3.1.f

Head of Indipendent Safety
Office advice process on
responsibilities and
requirements to be applied
and documented in relevant
Mol (Memorandum of
Understanding) to ensure
compliance with ESA PP policy.

S&MA Director and PPO advises JAXA HQ
and other govermental organizations in the
negotiation of a mission specific progress
for partnered/unpartnered missions with
the appropriate interagency, commercial,
and international partners (4.1.1).

Reviews project's preliminary PP
mission categorization request

PPO reviews preliminary PP mission
categorization. PPO reviews 1 and
2; 0sMA Chief for 3 and above.
241c

Specific projects propose
(tailored) ECSS requirements
and mission categorisations.
PPO reviews and approve
(with chief of Indipendent
Safety Office and Head of TEC-
Qinformed/copied). 4.1.2

PPO reviews preliminary PP mission
categorization (1.2, 5.1). 5&MA Director
with Safety Review Board (SRB) reviews
and approves PPPR at around SRR (5.6).

After review, PPO provides
implementing consultation
throughout life cycle

N
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Ready

PPO reviews for concurrence the
project’s/proposer’s PP mission
categorization request, with
ongoing consultation on
implementation throughout the
project life-cycle. 2.4.1.d

E L Type here to search

Mission Planetary Protection
day-to-day activities are
managed by a Project-
appointed PP System lead.
PPO is attending key
reviews/milestone (i.e. PDR,
CDR, MRR, ...}, managing
indipendent reviews, insitigate
ad-hoc studies , reviewing /

approving PP imnlementation

PPO with PPRB reviews for concurrence the

project's/proposer’s PP mission
categorization request, with ongoing
consultation on implementation
throughout the project life-cycle (5.5, 5.6).

General
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Mapping (1 of 3

[}

MNASA

ESA

JAXA

0OSMA Chief and PPO Responsibilities

Indipendent Safety Office (TEC-QI) and PPO
responsibilities

S&MA Director and PPO Responsibilities

Safety office consults with other offices on
biosafety/public health and for
control/containment of restricted Earth
return samples

Chief of the safety office consults with chief of
the health and medical office on
biosafety/public health and consults with chief
of the engineering office on robust control and
containment of restricted Earth samples.
2.3.1b

Indipendent Safety Office TEC-QI conduct safety
assessment consulting relevant experts (including
publich health when necessary) to assure break-of-
the chain on restricted Earth return sample missions.
(4.1.2 & ECS5S5-U-5T-20_1430001)

At this moment, S&MA office does not have a definit
procedure to consult with other offices on biosafety/public
health for control/containment of restricted Earth return
samples, since JAXA has no experience and ongoing plan of
Category IV mission and sample return from protected solar
system bodies

Safety office advises MDAA on partnered
missions

Chief of the safety office advises the Mission
Directorate AA and other organizations in the
negotiation of a mission specific process for
partnered missions with the appropriate
interagency, commercial, and international
partners. 2.3.1.f

Head of Indipendent Safety Office advice process on
responsibilities and requirements to be applied and
documented in relevant MoU (Memorandum of
Understanding) to ensure compliance with ESA PP
policy.

S&MA Director and PPO advises JAXA HQ and other
govermental organizations in the negotiation of a mission
specific progress for partnered/unpartnered missions with
the appropriate interagency, commercial, and international
partners (4.1.1).

Reviews project's preliminary PP mission
categorization request

PPO reviews preliminary PP mission
categorization. PPO reviews 1 and 2; OSMA
Chief for 3 and above. 2.4.1.c

Specific projects propose (tailored) ECSS
requirements and mission categorisations. PPO
reviews and approve (with chief of Indipendent
Safety Office and Head of TEC-Quinformed/copied).
4.1.2

PPO reviews preliminary PP mission categorization (1.2, 5.1).
S&MA Director with Safety Review Board (SRB) reviews and
approves PPPR at around SRR (5.6).

After review, PPO provides implementing
consultation throughout life cycle

PPO reviews for concurrence the
project’s/proposer’s PP mission categorization
request, with ongoing consultation on
implementation throughout the project life-
cycle. 2.4.1.d

Mission Planetary Protection day-to-day activities
are managed by a Project-appointed PP System lead.
PPO is attending key reviews/milestone (i.e. PDR,
CDR, MRR, ...}, managing indipendent reviews,
insitigate ad-hoc studies , reviewing / approving PP
implementation plans and reports. Reference:
specific project requirements, as well as4.1.2 &4.1.3

PPO with PPRB reviews for concurrence the
project’s/proposer’s PP mission categorization request, with
ongoing consultation on implementation throughout the
project life-cycle (5.5, 5.6).

Sheet1 :.,.:
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Mapping (2 of 3

10

n
PPO advises projects on Agency
requirements and international
agreements, including tailoring of PP
documents and implementation plan

B
PPO advises projects to comply with Agency PP
reqs and international agreements, including
tailoring of PPRD and PP Implementation Plan.
2.4.1.e

(€
PPO reviews and approves PPRD, Plans and guide
Project complying with PP requirements and
international agreements. 4.1.2

D
PPO advises projects on Agency requirements and
international agreements, including tailoring of PP
documents and implementation plan (4.1, 5.1e, 5.5).

PPO oversees project's identification of
requirements and aceepted standards

PPO oversees project's identification of
Agency PP requirements, such as accepted
standards, consistent with PP mission
categorization. 2.4.1.F

PPO supervises requirements from early phases (i.e.
attendace to SRR), review and approves PP-related
documentation (plans, tailores ECSS,...). 4.1.2

PPO oversees project's identification of PP category,
associated COSPAR PP requirements, aceepted standards,
and agency PP requirements (4.1}.

PPO verifies project's implementation plan
and use of alternative approaches complies
with Agency regs

PPO verifies project's implementation plan
and use of alternative approaches complies
with applicable Agency PP req. 2.4.1.g

PPO verifies compliance is achieved against each PP
requirements via VCB - verification control board
process. 4.1.2

PPO with PPRB verifies project's implementation plan and
use of alternative approaches complies with COSPAR &
Agency PP requirements (4.1.1, 5.6, 5.7).

PPO oversees project's execution of PP plan
by coordinating with project manager to
verify compliance, conduct independent
verification/assurance activities by:

PPO oversees project's execution of PP
implementation, by timely communication
and coordination with project manager, to
verify compliance with Agency PP regs by
defining and conducting ind verification and
assurance activities, including: 2.4.1.g

PPO supervises implementation of PP requirements,
anticipates activities/studies for compliance to
requirements, manage indipendent reviews (i.e.
biodiversity, safety board when needed) in
coordination with Project functions. 4.1.2

PPO with PPRB oversees project's implementation of PP plan
by communication and coordination with project manager
and planetary protection manager to verify compliance with
COSPAR & Agency PP requirements by conducting
independent verification/assurance activities (4.1, 5.5, 5.6).

Inpedendent verification assays of
environments, facilities, flight hardware

Performing independent verification assays of
environments, facilities, and flight hardware
independent of assays conducted by the
project. h(1)

Indipendent verification assays, including
biodiversity or cleanliness knowledge are
coordinated / managed by PPO. ECSS-U-5T-
201430007

PPO and its agents shall perform independent verification
assays of environments, facilities, and flight hardware
independent of assays conducted by the project (5.2.2).




Mapping (3 of 3

A B i D
Inpedendent verification assays of Performing independent verification assays of |Indipendent verification assays, including PPO and its agents shall perform independent verification
environments, facilities, flight hardware environments, facilities, and flight hardware  |biodiversity or cleanliness knowledge are assays of environments, facilities, and flight hardware
independent of assays conducted by the coordinated / managed by PPO. EC55-U-5T- independent of assays conducted by the project (5.2.2).
project. h(1) 20_1430007
11
Monitoring activities and facilities; Monitoring activities and facilities using PPO attends FRR - Facility Readiness Reviews, key  |Monitoring activities and facilities using baselines and trends
recommending best practices baselines and trends in project data and manufacturing and design reviews, organises in project data and recommending appropriate project
recommending appropriate project actions audits/visits as required to supervises actions based on accepted best practices (5.4).
based on accepted best practices. h(2) implementation of PP requirements and
commissioning of facilities
12
Observe significant Observing significant development and PPO responsibility is to ensure qualification tests Observing significant development and qualification tests
development/qualification tests to verify  |qualification tests and project operations to and operations envelop Planetary protection needs |and project operations to verify conformance with planned
conformance to plans verify confarmance with planned activities. {i.e. gualification to ensure compatibility of activities (5.2.2).
h{3) hardware/materials to sterilisation processes).
Specific project requirements, as well as4.1.2
13
PPO oversees project's idenitification of PP |PPO oversees project's idenitification of PP PPO supervises changes in mission goals, extensions |PPO oversees project's idenitification of PP requirements for
requirements for extended mission requirements for extended mission activities |and ultimately requirements. 4.1.2, ECS5-U-5T- extended mission activities if project plants to extend
activities if project plants to extend mission or add to 20_1430006 mission or add to mission objectives (5.5, 5.6).
mission objectives. 2.4.1.i
14
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Task Force Next Steps

Continue communication and collaboration between ESA, JAXA, and NASA PP offices

Mapping exercise sparked helpful conversations on how each agency oversees and implements PP

Follow on conversations entail
Need to have specific conversations on independent verification and assurance activities.

Need to have detailed conversations on spacecraft certification process.
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Where we are today

Evolutions Emergqging Benefits

Policy Roles and Responsibilities , «p: e N iec :
Clarification (NPD 8700, NPRs Risk Appetite” — Mission Directorate

8705.2, 8705.4) * “Project” — Execution
e “Assurance” —SMATA

e C(Clearer delineation between Mission Directorate

(AIM) and Project (SMAP) development S i v
Transition from “Prescriptive” to
“Objectives-Driven” Policy I SMAP
and Accepted STDs Flexibility .
 Enables innovation and novel approaches Goal Structuring
Modeling Frameworks NotatIOf:) (GSN) ‘Argumentation:ArgumentReasoning
. . . . underlying Assurance T
* GSN * Complimentary integration between Planning Case Development —
* Assurance Case (GSN) and Execution (Assurance Case) and Inteara tf/?on et Bt
* UML/SysML/RAAML * Interoperability with MBSE and g
Digital Engineering environment
Machine-Assisted Products * Model-Based Acquisition
(e.g., APPG) o
. AIM/SMAP . Ellm.lnates Human .dog—work
* Rapid Plan generation
« SOW/Contract Clauses .

Correct by Construction
* Authoritative Sources of Truth
e “Strengthens” Agreements
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Challenges

Cultural
* “Formulating Objectives” vs “Prescriptive Expectations” (e.g., COTs Type Parts)

* Architectural (.e.g, two “class B” elements to establish a “Class A” mission) vs
“Holistic” Classification approach

e Use and Trust of Enterprise “Model-Based” Planning Resources

* Understanding of Objectives Driven Planning (e.g., Goal Structure Notation (GSN))
and Assurance Case development

* SMA Community, Mission, and Programmatic Adoption
* Practitioners comfort with the old ways, old tools, old processes
Technical

* Modeling / Semantic-Based Interoperability STDs

e Standard Data Sets (e.g., MetaModels)

e Standard Interfaces (e.g., API’s)

* Well-defined Domain Representations (e.g. Semantics, Ontology)
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