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Spaceborne Computer (SBC): Start with Video



1 -- SBC-A Mission to Mars_ HPE Conquers Space and Time.mp4
1 -- SBC-A Mission to Mars_ HPE Conquers Space and Time.mp4

Spaceborne Computer (SBC): Mission/Science Objectives

1. Test/Fly Unmodified COTS High Performance Computer (HPC) systems
2. Conduct along duration study on running and managing COTS HPC systems in space for 1 year
3. Explore the conditions / parameters under which correct operations can continue

— Paraphrased with Details:
— Can we packaged a pizza box server for space flight?
— Will it survive the g-forces, vibrations, “shake, rattle and roll” of launch? (-2 to +6 Gs))
— Will it survive stowage? (in the cold darkness of space?)
— Can it be installed?
— Will it power up and operate?
— If operating will it give the right answers?
— Will the “data center” support be sufficient?
— Will it give the right answers for a year?

—

Hewlett Packard
Enterprise



Spaceborne Computer (SBC): TeamOfSeven

-

Eng Lim Goh, PhD
Principal Investigator, PI

David H. Petersen
Co-PIl & PD-Hardware

Mark R. Fernandez, PhD
Co-Pl & PD-Software

John J. Kichury Robert J. Behringer Michael D. Scott Calendra J. Szulgit

— Software Engineer Regulatory Engineer Mechanical Design Technical Writer

Hewlett Packard
Enterprise

4



Spaceborne Computer (SBC): Why?
... 1st COTS TeraFLOP in Space = One Step Closer to Mars
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Spaceborne Computer (SBC): Why?

Core Computer Systems
(Focus on Flight)

- Propulsion

- Guidance & Navigation

- Communications

- Thermals

- Electrical

- 1 and 2 core

- “Rad Hardened”

- Older generation

- Around $200,000 each

—
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Spaceborne Computer
(Focus on Non-Flight: Science, ...)

- Traditional modeling and simulation

- Signal processing

- Image processing

- Al/ML/DL

- Data processing

- 32-core

- COTS, unmodified current-gen hardware
- "HARDened with SOFTware”

- << $200,000



Spaceborne Computer (SBC): 4" Graders to Grad Students
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Spaceborne Computer (SBC): Aerospace Grad Students

“Heat generated by laptops does not rise but stagnates
around the laptop, so additional forced ventilation Is
required.”
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Spaceborne Computer (SBC): EXPRESS Rack Locker

Ethernet

Access Switches

Panels

Heat
Exchanger
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Spaceborne Computer Locker.mp4
Spaceborne Computer Locker.mp4

Spaceborne Computer (SBC): Map of Florida
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Spaceborne Computer (SBC): Map of Florida

—
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Spaceborne Computer (SBC): Buzz Aldrin Talk Before Launch
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Spaceborne Computer (SBC): Buzz Aldrin Talk Before Launch
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Spaceborne Computer (SBC): Mark’s Cell Phone Video
_ —
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vlc-record-2018-03-22-12h32m48s-launch-video.mp4-.mp4
vlc-record-2018-03-22-12h32m48s-launch-video.mp4-.mp4
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Spaceborne Computer (SBC): SpaceX-12 Launch
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43-second-spacex-12-launch.mp4
43-second-spacex-12-launch.mp4

Spaceborne Computer (SBC): SpacexX-12 Launch T+11 seconds
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Spaceborne Computer (SBC): SpaceX-12 Launch — Cell Phone
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Spaceborne_Launch8_14_17_16_31_00UTC.MP4
Spaceborne_Launch8_14_17_16_31_00UTC.MP4

SBC: SpaceX-12 Launch! Monday, 14-Aug-2017 @ 12:31 p.m. EDT
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Spaceborne_Launch8_14_17_16_31_00UTC.MP4
Spaceborne_Launch8_14_17_16_31_00UTC.MP4

SBC: SpaceX-12 Launch! Monday, 14-Aug-2017 @ 12:31 p.m. EDT
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SBC: SpaceX-12 Launch!
.......... And Landing!!!

Monday, 14-Aug-2017 @ 12:31 p.m. EDT
Monday, 14-Aug-2017 @ 12:39 p.m. EDT
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Spaceborne Computer (SBC): Where is SBC Destined?
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Spaceborne Computer (SBC): Where is SBC After Launch?

o ot anll oow s 1on313.90v A e /s pvideach s itream « VLC maedis player o B8

Passive Common 3
Berthing Mechanism (PcBM)  Sect
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Spaceborne Computer (SBC): The SBC Installation begins...

& spafsemifcesndlwaw.i0.0953,60v: 1935 lve issvideach . streamn - VLG medi player [ | )
Media  Playback  Audio Video Subtitle Tools View Help

On September 1%, 2017 ISS
Astronaut MarkVandeHel
preparesfor the installation
of Spaceborne Computer.
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Spaceborne Computer (SBC)

"
& spdfsmific-sndlwaw.cio.nasa.gov 1935/ e issvideach.steeam - VLC meda player
Media  Playback  Audic Video Subtitle Tool: View Help

812 —p—
DB ] -
LRI TIREICYES
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: SBC Installation
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ISSAstronaut MarkVandeHel
completes his preparations
and thenfloats out of the US
Destiny Lab to retrieve the
Spaceborne Computer.
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Spaceborne Computer (SBC)

"
& spdfsmific-sndlwaw.cio.nasa.gov 1935/ e issvideach.steeam - VLC meda player
Media  Playback  Audic Video Subtitle Tool: View Help
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ISSAstronaut MarkVandeHel
completes his preparations
and thenfloats out of the US
Destiny Lab to retrieve the
Spaceborne Computer.
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astronaut-mark-vande-hei-getting-sbc.mp4
astronaut-mark-vande-hei-getting-sbc.mp4

Spaceborne Computer (SBC): SBC Installation

—

& rtspfsmafic-sndlwaw.c20.n350.00v: 1935 Teve issvideach.strearn - VLC media player
Media  Playback  Audic Video Subtitle Tools Wiew Help
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The 124 pound Spaceborne
Computer iseffortlessly
movedinto the US Destiny
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Lab, ready for installation intc
EXPRESS Rack 6.
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Spaceborne Computer (SBC): SBC Installation

& ap/srmifc-sndlwaw.c20.n353.00v 1935 lve fissvideach.strear - VLC meds player {3
Media  Playback  Audio Video Subsitle Tools View Help

Spaceborne Computer Is
mountedd 2 @S NFn® | R
EXPRESS R&té&f the US
Destiny Lab, ready for final
connections.
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Spaceborne Computer (SBC): SBC Installation — Complete!

“"Spaceborne Computer,

- Operations Lead
- Marshal Space Flight Center

[
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Spaceborne Computer (SBC): SBC Installation — Complete!
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Spaceborne Computer (SBC): SBC “Remote” Login

{7 Leap 42:1 Clone [Running] - Oracle M viruaieox | NNEJNREEEE

File Machine View Input Devices Help

X
ISS Location: 17.25 W, 2827 N 10/11/2017 13:21:24 UTC .
2 | [

File Edit View Bookmarks Settings Help

(root) lt-sbe — Konsole

Imarks Setungs Hel

(root} ft-she

(root) |
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Spaceborne Computer (SBC): SBC “Remote” Login

WROS5LZL4 114240 192
HPL pdgesv() start time Thu Sep 14 11:25:30 2017

HPL pdgesv() end time Thu Sep 14 11:40:26 2017

1 tests with the following results:

1 tests completed and passed residual checks,

@ tests completed and failed residual checks,

@ tests skipped because of illegal input values.

—
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Spaceborne Computer (SBC): SBC “Remote” Login

WROS5LZL4 114240 192
HPL pdgesv() start time Thu Sep 14 11:25:30 2017

HPL pdgesv() end time Thu Sep 14 11:40:26 2017

1 tests with the following results:

1 tests completed and passed residual checks,

@ tests completed and failed residual checks,
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Spaceborne Computer (SBC): HPCG

System name: Spaceborne Computer

Installation site: EXPRESS Rack 6

City: US Destiny Lab

Country: The International Space Station (ISS)

o-

SC17 HPCG HIGHLIGHTS sle

« Top 10 machine experience a serious rearrangement.
« US returns to the Top 3 club.

« Trinity gets an upgrade and improves its HPCG score from
180 TFto 550 TF

+ Piz Daint passes TaihuLight with improved result.

« TSUBAME 3.0 submits a new result with 4x improvement in
performance.

* Mare Nostrum 4 shows HPCG performance on Intel Skylake cores.
« First Volta results from the recently released DGX-1V system.
 International Space Station computer by HPE submits HPCG result!

EXPRESS Rack 6
115 The International Space Station
(ISS)

—

Spaceborne Computer - Apollo 40,
Intel Xeon ES-2620 v4 8C 2.1GHz,
FOR Infiniband

HPE
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Spaceborne Computer (SBC): HPCG

System name: Spaceborne Computer

Installation site: EXPRESS Rack 6

City: US Destiny Lab

Country: The International Space Station (ISS)

o

SC17 HPCG HIGHLIGHTS sle

« Top 10 machine experience a serious rearrangement.
« US returns to the Top 3 club.

« Trinity gets an upgrade and improves its HPCG score from
180 TFto 550 TF

» Piz Daint passes TaihuLight with improved result.

« TSUBAME 3.0 submits a new result with 4x improvement in
performance.

* Mare Nostrum 4 shows HPCG performance on Intel Skylake cores.
« First Volta results from the recently released DGX-1V system.
* International Space Station computer by HPE submits HPCG result!

EXPRESS Rack 6
115 JThe International Space Station
(ISS)

—

Spaceborne Computer - Apollo 40,
Intel Xeon ES-2620 v4 8C 2.1GHz,
FOR Infiniband
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Spaceborne Computer (SBC): Awards

Supercomputing
Achievement

HPE and NASA deploy first
commodity HPC |system into space

—
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Spaceborne Computer (SBC): Awards

Supercomputing
Achievement

HPE and NASA deploy first
commodity HPC |system into space

—
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The Innovation
Excellence Award

ng Apgy:
pllc%_>

Hyperion %

Rggearch

ENG LIM GOH, D. PETERSEN, M. SCOTT, R BEHRINGER,
M. FERNANDEZ, J. KICHURY, C. SZULGIT : HPE

For the Outstanding Application of HPC for
Business and Scientific Achievements.
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Spaceborne Computer (SBC): Hyperion Report

HPE's SpaceBorne Supercomputer

A mission to Mars will require
sophisticated computing
capabilities to cut down on
communication latencies and
ensure astronauts’ survival

In an effort to advance this
mission, HPE and NASA
launched a supercomputer

into space on the SpaceX
Dragon Spacecraft
* The Spaceborne Computer is
"HPE's Spaceborne Computer is the first a year-long experiment—
high-performance commercial off-the- roughly the same amount of

time it would take to get to
Mars—which will test a
supercomputer’s ability to
function in the harsh
conditions of space.

shelf computer system (o run one
teraflop at the International Space
Station,” Mark Fernandez, Americas
HPC technology officer at Hewlett
Packard Enterprise and co-principal
investigator for the project..

—
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Spaceborne Computer (SBC): Awards

4§38 155RE0

The Innovation CONFERENCE 2018

Excellence Award

Supercomputing
Achievement

HPE and NASA deploy first
commodity HPC system into space Demonstrating a Commercial
Super Computing Technology

on the ISS

Eng Lim Goh, PhD

David Petersen
Mark Fernandez, PhD
John Kichury
Mike Scott

Robert Behringer

Calandra Szulgit
Hewlett Packard Enterprise

—
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Spaceborne Computer (SBC): Awards

—

Hewlett Packard
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@t ISSR&(

“ conrerence 2018

Demonstrating a Commercial
Super Computing Technology
on the ISS

Eng Lim Goh, PhD

David Petersen
Mark Fernandez, PhD
John Kichury
Mike Scott

Robert Behringer

Calandra Szulgit
Hewlett Packard Enterprise
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Spaceborne Computer (SBC): Lockers

—

Hewlett Packard
Enterprise

42



Spaceborne Computer (SBC):

—
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Lockers

Earthborne

Computer

. please Don’t Touch or
| Move.
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Spaceborne Computer (SBC): Lockers

/I

i ropil st snAL-wom 50,0572 gouS35 e fisudeoch.sresm - VLC medis plvper [ on = |
Medis  Plsyback  Audio Video Subtitle Tools View Help

Earthborne
Computer

please Don’t Touch or
Move.

—
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Spaceborne Computer (SBC): Fun Along the Way

e

SpaceBorne Computer ISS TrackViswar v1.2.2

w1l Aratinan 140 B0 A
b,,‘\_;! ,.‘L.IV,'-."KVI \.. ] ‘_ 'l?_, \‘)\'11}\_' _\':

A , :"’
. ’ 4 &
~ . )

10.08 N> 12724720171 4:56:35°
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Spaceborne Computer (SBC): Pi Day 2018 — 6 months Operational

TR EETEE A A r Ak hkhhkhkkhkhkhkrthhkhkh®h

Happy P1 day from the Spaceborne Computer team!

HEREREEEERETRRERRERIERRRRETETTRRRRRTRkTRhRkkhhdihikk¥k

Calculating Pi from space on the ISS

Date: 3/14 1:59 UTC

3.141592653589793238462643383279
502884197169399375105820974944592
3078164062862089986280348253421170
679 82148 8865
13 28230 66470
9 38446 89550
5

82231 7253
594 0812
848 1117
450 2841
0270 19385
20 ssss 09-14-2017 03-14-2018
6 22948
954 036038
1964 42881
09756 65933
4461 28475 64
823378 678316 52
712019 09145648566923
460348 6104543266482
133936 7260249141
27372 458700660

HEREREEEEEITRRRERERERETRRRRRETRRRRRRRRERhRRvkkhhhikR

1.10953e+03 1.10922e+03

—
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Spaceborne Computer (SBC): 1-Year Launch Anniversary!

One year ago to this minute I left earth.

Date: 8/14 12:31 EDT

—
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Spaceborne Computer (SBC): 1-Year Launch Anniversary!

WITH “HARDening with SOFTware” running:

1.10705e+03 1.10781e+03
Earth: 08/14/2018  Space: 08/14/2018

WITHOUT “HARDening with SOFTware” running:

Earth: 08/14/2018  Space: 08/14/2018

—
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Spaceborne Computer (SBC): Anomalies

Spaceborne Computer Cumulative Events by Type vs. Time
10 - 09/14/2017 : Power Up 1-Year Mission : 09/14/2018 —’
8 | |
&
4 I
, 33/ - ‘
N T . |
A A A A A % % % > 9% % % % % %
& O QO O O O 0 N O O QO
,\,b-\q' \y.\q’ ,»&3’ \’u\q’ »u\'\’ .\,b-\q' ,\y\f” \y.\’\’ \y.\q’ \u\q’ \y\q’ @-\’L \’u\q’ ,\v-\q’ ,\b-\’»
S N A S R M SN S D S S A S N M \ AR AN
B SBC Boots / Re-Boots (5) [ | Power Anomaly (1) & Network Outage (2)
B SBC Internal PS Failure (1) B SBC CPU L3 Cache Error (7) W SBC SSD Failure (9)
m Inverter Failure (1) m Power Cutoff (4)
Updated: 23-Aug-2018

—
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Spaceborne Computer (SBC): Anomalies

Spaceborne Computer Cumulative Events by Type vs. Time

' «—| 09/14/2017 : Power Up

1. Smoke Detector

/

B SBC Internal PS Failure (1)

m Inverter Failure (1) mn

A A - g
Ny Y Y % o
b\,@ h\’\’o &0’0 &\,\9 b-\’& D
"y Ay "y "y Ny "y
AR\ AN LA | ST S
AN N N
B SBC Boots / Re-Boots (5) B

M SBC CPU L3 Cache Error (7)

1-Year Mission : 09/14/2018 -+ |

Power Anomaly (1) 4] Network Outage (2)
B SBC SSD Failure (9)

Power Cutoff (4)
Updated: 23-Aug-2018

—
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Spaceborne Computer (SBC): Anomalies

Spaceborne Computer Cumulative Events by Type vs. Time

10 . «— 09/14/2017 : Power Up 1-Year Mission : 09/14/2018 | |
8 |
6 2. Inverter Replacement l ‘
N T |
& A A A A N NS N N N N N, ® ® >
N N S S S N NS N N N N N N \ -
A I G T G T I R R S
O NN LN LN ST Al a2 A o L A U BN o
S N A S R M SN S D S S A S N M \ AR AN
B SBC Boots / Re-Boots (5) [ | Power Anomaly (1) & Network Outage (2)
B SBC Internal PS Failure (1) B SBC CPU L3 Cache Error (7) M SBC SSD Failure (9)
m Inverter Failure (1) m Power Cutoff (4)

Updated: 23-Aug-2018

—
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Spaceborne Computer (SBC): Anomalies

10

Spaceborne Computer Cumulative Events by Type vs. Time

!
§

09/14/2017 : Power Up

p—lp :

1-Year Mission : 09/14/2018

3. Knee to the RPS
™~

O N & O

e——
—
T ...

B SBC Boots / Re-Boots (5)
B SBC Internal PS Failure (1)
o

Inverter Failure (1)

Power Anomaly (1)
B SBC CPU L3 Cache Error (7)

m Power Cutoff (4)

4
W SBC SSD Failure (9)

Network Outage (2)

Updated: 23-Aug-2018

—
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Spaceborne Computer (SBC): Anomalies

Spaceborne Computer Cumulative Events by Type vs. Time

r/ RIC

10 «—09/14/2017 : Power Up 1-Year Mission : 09/14/2018 -+ |
8 E E
§ ‘ 4, Smoke Detecto
b , |
4 ' l !
@l fua oo b |
A A A A A N > N ® S ® NS ® ® ®
oy Y . .Y “% oY % oY 3 oy “% oy Y “ “%
RGN UK R IR CHIR CHEK AR GBI CHIR IR U U U O
D > N A > > > A > D ) D > D >
S N A S R M SN S D S S A S N M \ AR AN
B SBC Boots / Re-Boots (5) [ | Power Anomaly (1) & Network Outage (2)
B SBC Internal PS Failure (1) B SBC CPU L3 Cache Error (7) M SBC SSD Failure (9)
m Inverter Failure (1) m Power Cutoff (4)

Updated: 23-Aug-2018

—
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Spaceborne Computer (SBC): Latency

—_

Spaceborne Computer Cumulative Events by Type vs. Time

09/14/2017 : Power Up 1-Year Mission : 09/14/2018 |

1 ' ’ i
2l L1l I II I I |1 } I |
Wi [~marcus]# ping -c 5 sbc-1
PING sbc-1 () 56(84) bytes of data.

64 bytes from C- : ilcmp seg=1 ttl=61 time=744

64 bytes from icmp _seg=2 ttl=61 time=739
64 bytes from

-

=R

c-1 ( : icmp _seg=3 ttl=61 time=743
bytes from c-1 ( : icmp _seg=4 ttl=61 time=744

c-1 { : icmp seg=5 ttl=61 time=740

64 bytes from

--- sbc-1 ping statistics ---
— 5 packets transmitted, 5 received, 0% packet loss, time 4742ms
S rtt min/avg/max/mdev = 739.995/742.365/744.244/1.955 ms
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Spaceborne Computer (SBC): Loss of Signal (LOS)

2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-88-28
2018-08-28
2018-88-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-88-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-88-28
2018-08-28
2018-88-28
2018-08-28
2018-08-28

00:11:40:684
00:12:05:457
00:12:11:463
00:12:40:237
00:50:20:833
00:50:44:856
00:50:51:359
00:51:22:129
01:07:28:967
01:07:41:262
01:07:43:264
01:08:49:325
©1:49:18:924
01:49:45:448
01:49:49:453
©1:50:19:980
02:30:33:487
02:30:57:208
02:31:01:212
©2:31:30:023
02:52:20:323
02:52:37:771
02:52:39:773
02:53:10:299

General
General
General
General
General
General
General
General
General
General
General
General
General
General
General
General
General
General
General
General
General
General
General
General

Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:

Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information

Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward

pagkeis
packets
packets
packets
packets
packets
packets
packets
packets
packets
packets
packets
packets
packets
packets
packets
packets
packets
packets
packets
packets
packets
packets
packets

not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
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Spaceborne Computer (SBC): Loss of Signal (LOS)

2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-88-28
2018-08-28
2018-88-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-88-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-88-28
2018-08-28
2018-88-28
2018-08-28
2018-08-28

00:11:40:684
00:12:05:457
00:12:11:463
00:12:40:237
00:50:20:833
00:50:44:856
00:50:51:359
00:51:22:129
01:07:28:967
01:07:41:262
01:07:43:264
01:08:49:325
©1:49:18:924
01:49:45:448
01:49:49:453
©1:50:19:980
02:30:33:487
02:30:57:208
02:31:01:212
©2:31:30:023
02:52:20:323
02:52:37:771
02:52:39:773
02:53:10:299

Info:
Info:
Info:

Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:
Info:

HPEG General Message:
HPEG General Message:
HPEG General Message:

Inf 8thiS hOUf essage:
Infd: P SIeT o essage:

HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG

General
General
General
General
General
General
General
General
General
General
General
General
General
General
General
General
General
General
General

Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:

Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information

Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
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Forward
Forward
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packets
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be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed
not be processed
be processed

—

Hewlett Packard
Enterprise o7



Spaceborne Computer (SBC): Loss of Signal (LOS)

2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-88-28
2018-08-28
2018-88-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-88-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-08-28
2018-88-28
2018-08-28
2018-88-28
2018-08-28
2018-08-28

00:11:40:684
00:12:05:457
00:12:11:463
00:12:40:237
00:50:20:833
00:50:44:856
00:50:51:359
00:51:22:129
01:07:28:967
01:07:41:262
01:07:43:264
01:08:49:325
©1:49:18:924
01:49:45:448
01:49:49:453
©1:50:19:980
02:30:33:487
02:30:57:208
02:31:01:212
©2:31:30:023
02:52:20:323
02:52:37:771
02:52:39:773
02:53:10:299
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Info:
Info:

Info:
Info:
Info:
Info:
Info:
Info:

HPEG General Message:
HPEG General Message:
HPEG General Message:

Inf 8thiS hOUf essage:
Infd: P SIeT o essage:

HPEG
HPEG
HPEG
HPEG
HPEG
HPEG

General
General
General
General
General
General

Message:
Message:
Message:
Message:
Message:
Message:

W S this hour M
Inf essage:

Info:
Info:
Info:
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Info:
Info:
Info:
Info:
Info:
Info:

HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
HPEG
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General
General
General
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General
General
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General
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Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:

Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
Information
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Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
Forward
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Forward
Forward
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Forward
Forward
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pagkeis
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packets
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packets
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not be processed
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be processed
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Spaceborne Computer (SBC): Loss of Signal (LOS)

2018-08-28 00:11:40:684| Info: HPEG General Message: Information Forward 1 pagkeis not be processed
2018-08-28 00:12:05:457| Info: HPEG General Message: Information Forward 1 packets be processed
2018-08-28 00:12:11:463| Info: HPEG General Message: Information Forward 1 packets not be processed

2018-08-28 00:12:40:237 Inf S this hour &EEEEEE Information Forward 1 packets be processed

2018-08-28 00:50:20:833| Inf essage: Information Forward packets not be processed

2018-08-28 00:50:44:856| Info: HPEG General Message: Information Forward 1 packets be processed
2018-08-28 00:50:51:359| Info: HPEG General Message: Information Forward 1 packets not be processed
2018-08-28 00:51:22:129) Info: HPEG General Message: Information Forward 1 packets be processed
2018-08-28 01:07:28:967| Info: HPEG General Message: Information Forward 1 packets not be processed
2018-08-28 01:07:41:262| Info: HPEG General Message: Information Forward 1 packets be processed
2018-08-28 01:07:43:264| Info: HPEG General Message: Information Forward 1 packets not be processed

2018-08-28 01:08:49:325 Infmw:ﬁﬁage: Information Forward 1 packets be processed
2018-08-28 01:49:18:924| Inf essage: Information Forward 1 packets not be processed

2018-08-28 01:49:45:448| Info: HPEG General Message: Information Forward 1 packets be processed
2018-08-28 01:49:49:453| Info: HPEG General Message: Information Forward 1 packets not be processed
2018-08-28 01:50:19:980) Info: HPEG General Message: Information Forward 1 packets be processed
2018-08-28 02:30:33:487) Info: HPEG General Message: Information Forward 1 packets not be processed
2018-08-28 02:30:57:208| Info: HPEG General Message: Information Forward 1 packets be processed
2018-08-28 02:31:01:212) Info: HPEG General Message: Information Forward 1 packets not be processed
2018-08-28 ©2:31:30:023 Infmmegsage: Information Forward 1 packets be processed
2018-08-28 02:52:20:323| InfouemMiAl 10 essage: Information Forward 1 packets not be processed
2018-08-28 ©2:52:37:771| Info: HPEG General Message: Information Forward 1 packets be processed

2018-08-28 ©2:52:39:773| Info: HPEG General Message: Information Forward 1 packets not be processed
2018-08-28 02:53:10:299° Info: HPEG General Message: Information Forward 1 packets be processed
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Spaceborne Computer (SBC): Plan Ahead... LOS & Networking

GMT 2018-03-22 15:54:34:044 Info: HPEG General Message: Information (0): Ku Forward is now LOS: packets will not be processed
GMT 2018-03-22 15:56:08:948 Info: HPEG General Message: Information (0): Ku Forward is now AOS: packets will be processed

.C.S.MT 2018-03-22 16:40:18:100 Info: HPEG General Message: Information (0): Ku Forward is now LOS: packets will not be processed
.C.S.MT 2018-03-22 17:22:19:007 Info: HPEG General Message: Information (0): Ku Forward is now LOS: packets will not be processed
.(.S.MT 2018-03-22 18:17:17:608 Info: HPEG General Message: Information (0): Ku Forward is now LOS: packets will not be processed
.(.S.MT 2018-03-22 19:01:34:123 Info: HPEG General Message: Information (0): Ku Forward is now LOS: packets will not be processed

GMT 2018-03-22 20:39:10:361 Info: HPEG General Message: Information (0): Ku Forward is now LOS: packets will not be processed

LOS

Hour Loss of Signal

—
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Spaceborne Computer (SBC): Plan Ahead... LOS & Networking

GMT 2018-03-22 15:54:34:044
GMT 2018-03-22 15:56:08:948

.C.S.MT 2018-03-22 16:40:18:100
.C.S.MT 2018-03-22 17:22:19:007
.C.S.MT 2018-03-22 18:17:17:608
.C.S.MT 2018-03-22 19:01:34:123

GMT 2018-03-22 20:39:10:361

Hour
E.G., ~5 hours

—
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Info:
Info:

Info:

Info:

Info:

Info:

Info:

HPEG General Message:
HPEG General Message:

HPEG General Message:
HPEG General Message:
HPEG General Message:
HPEG General Message:

HPEG General Message:

Information (0):
Information (0):

Information (0):
Information (0):
Information (0):
Information (0):

Information (0):

Ku Forward is now LOS
Ku Forward is now AOS

Ku Forward is now LOS

Ku Forward is now LOS

Ku Forward is now LOS

Ku Forward is now LOS

Ku Forward is now LOS

LOS
Loss of Signal

: packets will not be processed (1)
. packets will be processed

: packets will not be processed (4)
: packets will not be processed (9)
: packets will not be processed (10)
: packets will not be processed (16)

: packets will not be processed (9)

LOS
Duration (min)
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Spaceborne Computer (SBC): SBC-2

1. PFA — Product Failure Analysis
2. Address Storage
a. Different SSDs?
b. Other options
3. Consider Software Design in Light of LOS Frequency
4. Increase Core Count within the Same Power Envelope

5. Consider Various VMs

6. Add 10GbE Interfaces

—
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Spaceborne Computer (SBC): Spacecraft Docked at the ISS

Dragon-13

Soyuz MS-07 Progress 68

—
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Q&A
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Thank you!



