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Mission & Science Operations History at SSL

UC Berkeley

FAST 1996-2009 RHESSI since 2002

UCB/SSL successfully operated
10 NASA Explorer spacecraft over
a period of more than 20 years.

THEMIS since 2007

g

NuSTAR since 2012

V4

EUVE 1992-2001
I
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Operations Facllities at SSL

UC Berkeley

Multi-mission Operations Center

Berkeley Ground Station
11-m S-band antenna and equipment racks
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NUSTAR — A New NASA X-ray Observatory

UC Berkeley

~ Instrument

*Two hard X-ray telescopes
«Deployable mast
*Focal length 10 m gt
sLaser metrology &

Pegasus XL Launch
« Kwajalein Atoll, June 2012
e Orbit 620 X 639 km at

Spacecraft
“Three-axis attitude control -
-Single string, total mass <400 kg

Concept of Operations Mission Svstem"'----._..__

* Long pointed observations % g I\S/li.?gr;?)lore
i TDRSS
of survey flel.d.s | " 1 Hawai
* 50-100 specific science
targets * | Mission Operations Center (UCB)
» Targets of opportunity :
- Data recovery via S-band Science Operations Center (Caltech)
communications ¢ S : :
, cience Archive
. Yg:j:ly sequence table Science Users (HEASARC)
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» S |
. Multi-mission Ground Systems Design

Architecture

« Hybrid structure is mainly a service-oriented architecture
with some aspects of message-oriented middleware

o Simple and standardized network interfaces and data
structures

« MySQL databases for storage of telemetry source
packets and data processing status information

* Reliable process automation for full lights-out operations

Components
e Various GOTS, COTS and in-house developed tools
* |ITOS spacecraft command and control system
* Blended and integrated into a highly automated system
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Core Components and Interfaces

UC Berkeley

\jw ® wsman NUSTAR Mission System

Core components

« Mission Operations Center
» Flight Dynamics Center

» Science Operations Center

[ WSGT SN Interface J [ ASI Station Interface} [ USN Station Interface]

tt . ‘ « Remote ground stations
Acquisition Data } [ Pass Scheduling ] [ TLM & CMD Processing Inte I’faC es
. 1 ) ]
—_— . * Secure network links to
Flight Dynamics - dM:ssmn Operations 1 re mOte g rou nd StatIOHS
DovIrlﬁgane;SQA Generationﬁ& I'Irocessing J—> S/C Commancl & Control . ACq u |S| tl O n d a ta u p I Oa d V| a
Eph:meris N Mission Planning & Data Trending & secure CI rcu Its
= Production _T C ATS Table Generation Level 0 Pr?cessmg |
! = | » Post-pass telemetry file

Attitude p

Maneu;er QA ‘ Science Operations delive ry via O pen Internet

Target ggﬁiﬂf e s, = ngn‘:t’aecln;s’s?r"lg
e Standardized data flows
[ Scientific Community ] between MOC’ FDC’ SOC

-

Processing N
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= Telemetry Processing, Storage and Access

2ok
In§trument Spacecraft
%) Simulator Simulator o)
) c
9} =
© >
c o)
% Spacecraft < ITOS
e Instrument <—» P «— <X —» Observatory
o Simulator o
= = CMD & CTRL
) z
[3)
5 a) TLM Source
a) Instrument <«—» Spacecraft <+— (2) —» Packet Archive
5 = MySQL DB
0 =
= - = ca—
Orbiting GrOl_Jnd Disk
Observatory Station Storage

Standardized interfaces at the CCSDS transfer frame layer
allow usage of operational software from the earliest stages.
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Telemetry Trending & Plotting

UC Berkeley

BTAPS — Berkeley Trending Analysis and Plotting System

Settimes | Data source,  File AR Scroll Data Page Database

rager |
showplots: [l B B B
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nst . T T T T T T T x =
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ant | .
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10} e — - |
e L L L L . \—,_
2010:250:16:45:00 2010:250:16:50:00 2010:250:16:55:00 2010:250:17:00:00 2010:250:17:05:00 2010:250:17:10:00 2010:250:17:

BTAPS provides interactive TLM data
plotting and replay capabilities o T
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S
SSL

UC Berkeley

Ground Systems & Observatory Integration

Spacecraft bus and observatory I&T support
e UCB designed a compact, transportable MOC clone.

* Network architecture, workspaces, software tools and
configuration management are identical to the MOC.

o Portable system supports I&T from start to finish.

* Direct operations team participation as console
operators is the baseline for flight operations training.
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Team Communications via TeamSpeak

keley

Example of an efficient, low-cost solution

Investigated various VolIP solutions for upgrade of
distributed voice communications within the operations
center and with external mission support elements.
Requirements included:

e Local server in controlled network environment

e 100+ simultaneous users

Password protection and voice encryption

Multiple talk and listen channels with conferencing

e Cross-platform compatibility (Mac OS X, Linux, Windows, 10S)

Selected TeamSpeak 3 (www.teamspeak.com).

Free license for TeamSpeak 3 server for non-profit use.
Local installation tuned to operational needs.
Communications were very reliable with wired laptops.
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TeamSpeak Screen Shot

SSL

UC Berkeley

TeamSpeak 3

Primary and secondary &, & W, B g o) O

voice channels v @ MOC Voice Server e MOC1
\ E’i’ Ops Meeting Room @ codec: Speex Ultra-Wideband
. v L% MOC1 Codec Quality: 7 (estimated bitrate: 5.32 KiB/s)
Whisper channel @ FOT-Marty 99 rype: Porrarvent
t : GDS-Bryce v g Current Clients: 2 / Unlimited
Su or N MOM-Manfred Subscription Status:  Subscribed
pp gz MOC2 Voice Data Encryption: Encrypted
v 5 E i i
Individual participants @ tnol 4 Description:
¥ Eng2
/ g,;’ A((‘:gs .| MOC main voice loop
. {2 Ops Planning
Multiple subnets for v @ Telecon
. . {2 Operations
englnee“ng Support, Z Ground Systems
. . 2 Anomaly Net
anomaly discussions & IT Support
(# Ops Management )

and management

4 <12:57:55> "MOM-Manfred": We have successful NuSTAR acquisition via TDRS 10.
¥ <12:58:14> You switched from channel "MOC1" to "Ops Planning”

¥ <12:58:14> Channel group "Guest" was assigned to "MOM-Manfred"
¥
¥
i

Hierarchical
permissions

<12:58:18> You switched from channel "Ops Planning” to "MOC1" J
<12:58:18> Channel group "Guest" was assigned to "MOM-Manfred" |
<12:58:55> "MOM-Manfred": Post-pass meeting in conference room at 13:30:00 v

M essag e WI n dOW %) MOC Voice Server & MOC1 |8 GDS-Bryce X

Chat messaging ¥ |[l]| Enter Chat Message...

@

Connected as MOM-Manfred &
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Multi-mission Support Challenges

Challenges arising during multi-mission life cycles

Ground systems hardware and software
obsolescence requires gradual replacement and
upgrades without disturbing operational readiness.

Systems modernization needs to keep an eye on
future requirements and needs to envision growth.

Mission requirements on ground systems and
operations change as missions age.

Funding constraints require doing more with less
during extended mission phases.

Workforce composition needs to cover all areas of
expertise to maintain a stable environment.

GSAW 2013
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e
g L essons Learned

UC Berkeley

Ground systems design and implementation

« UCB'’s approach of design and |
Implementation by the operations
team continues to work very well.

Ground systems performance

o Support of all observatory integration and test phases
with a portable clone of the MOC was very successful.

 Introduction of operational interfaces early in the flow
saved overall efforts and reduced risks.

e Core architecture provides reliable framework for fully
automated lights-out flight operations.
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Summary

 Integrated multi-mission ground systems at
UCB continue to perform very well.

e Core ground systems design principles and
architecture have evolved, but did not
fundamentally change in 15 years.

e Lessons learned from previous missions were
taken into account for NUSTAR.

* Transition from I&T to flight operations was
very smooth.

* Innovative approach to communications within
the team was demonstrated.
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