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* Space craft
* Temporarily in space (max duration of 17 days)
* Single crew, single mission
e Craft must launch, maneuver in space, land

* Missions include docking, transportation to station,
“pushing” the station

* Space Station

* Permanent presence in space
(decades in space)

* Multiple crews, multiple missions
* Minor maneuvers in space
* Permanent and temporary additions

@flyingbarron
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e L Comparing Space Stations

\\;ﬁﬁ ‘/ Current orbital stations

e Salyut 1-5, Skylab (1970s) e e

e Entire station launched at once

* Salyut 6 & 7 (late 70s/early 80s)

* Central station + “side car” components

* Mir, ISS, Tiangong (1980s to today) Past orbital stations
* Modular system
e Constructed in stages

Mir Tiangong-1, 2

(nearly 50 flights for ISS) ‘ ! .

¢ M Od u | esm Oved Salyut 1 Salyut Salyut4 Salyut6  Salyut7

* Modules replaced i Z,is i l 1

SRE

CDN @flyingbarron
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National Asronautics and Space Admisistration

% 1 The International Space Station
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SRE

CDN https://www.youtube.com/watch?v=yRqUPjI3tTQ @flyingbarron
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Zvezda

Nauka
Multipurpose

Poisk

(MRM-N

Service Module

Laboratory Module\

MLM Outfitting

Uzlovoy Module

(M) /@
NICER
Rassvet \Q)

(MRM-1)

S6 Truss
Segment

S5 Truss
Segment

Starboard

|:| Elements Currently on Orbit
- Elements Pending Russian Launch
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11SS Current contfiguration (July 2021

SPDM Dextre Mobile Base System
European Robotic Arm Mobile Transporter
(ERA)
Zarya
FGB
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N Spectrometer
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Segment
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Leonardo

Permanent Multipurpose Module

IDA-3

\ JEM ELM-PS

Quest JEM RMS & Exposed Facility

Joint Airlock
Destiny PMA-3 Kibo
US Lab Columbus JEM PM
European Lab PMA-2 [DA-2
Harmony
Node 2
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».;&;\' Habitation is a common service

Russian cosmonaut Alexander
Skvortsov pictured in his crew
quarters compartment.

A

NNASA astronaut Chris Cassidy gets

ESA astronaut Samantha
orkout anced Resisth Parmitano exercises on the Cristoforetti exercises on the
?’xsmbe Dg‘cm:(;:ED) in Ng;:‘?jm Combined Operational Load Cycle Ergometer with Vibration
i Dinner in Node 1 with Russian cosmonaut Oleg Ktoy, Bearing Extemal Resistance Isolation and Stabilization (CEVIS)
NASA astronaut Mike Hopkins and JAXA astronadlt Treadmill (COLBERT). in the Destiny Laboratory.

Koichi Wakata.

SM transfer compartment.

Progress Service Module Destiny

Quest
Airlock
Columbus
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Interior view of the Node 1
lu
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Stowed food trays in FGB.

w E \ NASA astonaut Susan J.
\ < A Helms looks out the ULS. Lab
NASA Astronaus Rick Mastracchio  Waste and Hygiene Compartment - Window.

Toilet Compartment in JAXA astronaut Satoshi Furukaw, NASA astronaut Mike Fossum

the Service Module (SM)  and Russian cosmonaut Sergei Volkov prepare for a meal in the and Mike Hopkins in the airfock  (WHC) in the Node 3. NASA astronaut Karen Nyberg
/ Zieada. Service Modue galky. (AL). Extaveticular Mobilty Units is photographedin her Crew
(EMUs) are visible. Quarters during her off-duty
time.
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1 Resiliency use cases

* Oxygen Generation
* Space Suits

Al Powered Assistance

@flyingbarron



.1 Oxygen generation (easy path)
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Generated using multiple redundant & complimentary
solutions:
! 4
'i

* Elektron — Russian system based on 1980’s Mir station [l (o ¥
i = T
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e Converts water to oxygen | '/
e Potassium hydroxide byproduct — technical debt iy il 'a/
* Oxygen Generation System — US system from 2006

* Converts water to oxygen
* Polymer byproducts that require less maintenance

* Advanced Closed Loop System — ESA system from 2018
* Converts carbon dioxide to oxygen

* Does not require water — can help create water for Elektron
and OGS

@flyingbarron



Emergency oxygen sources:

* Solid Fuel Oxygen Generation — chemical
generation of oxygen

* Bottled oxygen in the station and docked
spacecraft

Additional Technical Debt of Elektron
* 30-40 year old technology

* Difficulty in physically replacing components
* Not part of Standard Payload Rack

@flyingbarron



suit with each piece having 3 possible sizes

* In 2019 an unrelated launch failure led to an
unscheduled space walk by two women —

meaning that they could not build a complete | {f' -
suit for both.
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https://www.ibm.com/thought-leadership/innovation-explanations/cimon-ai-in-space _
@flyingbarron
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1 Space Station does and don’t

* Interfaces and Standards
* Freedom

* Tiny holes

@flyingbarron
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7 % Interfaces and Standards —
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§\;\;' Common Berthing Mechanisms
! ‘

* Connection between American/ESA modules and each other
 Connection between Russian modules and each other
* Connection between American/ESA modules and Russian modules

* New Standard - International Docking System Standard

SRE

CON

@flyingbarron
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The Space Station was first proposed in 1969, Space Station
Freedom was announced in 1984 and cancelled in 1993, without a
SRE single component built.

CDN @flyingbarron




Tiny holes cause large headaches
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In August 2018, a leak is detected in the ISS, the source is found to
ﬁa be small holes drilled through a Soyuz transport spacecraft.
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=t What we have in common with astronauts

**Monoliths are simpler, but wasteful/expensive in the long term.

* May be a good idea for an MVP, even in 2021 ©
* Choose spacecraft, monolithic space station or modular space station.

**Technical debt is crippling (no, really?)
* Knowledge sharing/transfer.
* Remove old/unused tech.
* Lower cost of learning (Al can help) @k
* Topology changes, keep up!
e Redundanct solutions/backups for when you can’t get rid of debt.

**Procedures matter

e Resource management — you never known when you might need new sizes of space
suits.

* Encapsulate your interfaces & standardize your payloads.
* Blameless post incident analysis — Don’t blame astronauts!

s*Technology is cool, but business/politics is vital.

SRE * Deployment may get you going, but Operations keeps the business going.
CUN » Keep up with technology, but don’t make it your goal.

@flyingbarron
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Tt Further Reading
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* Reference Guide to the International Space Station —
Utilization Edition

* My blog - (follow me ony¥and/or in)
* Lessons from the Lunar Landings
* From Shuttle to SRE

* NASA database of Significant Incidents & Close Calls in Human Spaceflight —

* |[BM — Principles of modern Cloud Service Management & Operations:

@flyingbarron


https://flyingbarron.medium.com/
https://sma.nasa.gov/SignificantIncidents
https://www.ibm.com/cloud/architecture/architectures/serviceManagementArchitecture
https://www.ibm.com/cloud/architecture/content/field-guide/csmo-field-guide/
https://www.ibm.com/cloud/blog/ibm-develops-a-unique-custom-edge-computing-solution-in-space

