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EFT-1 Mission Overview

€ Mission Overview:
) i ] Operations Summary
* Reduced Block 0 Orion Configuration Mission Overview

e Launch FY14 from CCAFS aboard Delta 4H
e 2 orbits to high apogee
e High Energy Re-entry
* Water Landings & Recovery

€ Purpose: test & observe key
characteristics of the Orion spacecraft
* Key Functions:

- Nominal jettison/separations

- Parachute performance
- Attitude Control/Guided Entry RN ARSI OV

High Energy Entry,
High Apogee, 2 Revs

- Water up-righting & recovery systems

* Environments

- Aerodynamic, Aerothermal, Acoustic, Vibration,
Loads, etc.

9 Team
* Lockheed Martin (Mission Lead)
* NASA (supporting — KSC, JSC, MSFC, SN)




EFT-1 Mission Overview (continued)

€ Need to ENSURE that we are able to control the spacecraft and gather all of
the data needed to meet the flight test objectives.

€ Particularly confusing given the large number of different organizations and
required vs desired data flows

€ Raised by MPCV as a significant risk & Y .
€ Spawned a joint NASA/LM effort to i N
understand (for all phases): = fL e /ua -
* What resources do we need to record/observe z ‘,/ e
the flight? i Y L

* What data needs to be collected
* What needs to be live vs recorded
* How will data be distributed/archived/shared?

* What data is proprietary or sensitive and needs
to be protected?

Live magery

ragers | ias

€ Systems Engineering team chose to a model-based approach to
augment regular systems engineering approaches




Systems Engineering using Models

€ Formalizes the practice of
systems engineering through
the use of models

€ Broad in scope

 Integrates with multiple
modeling domains across life
cycle

€ Results in quality/productivity
improvements & lower risk

* Rigor and precision

« Communications among
system/project stakeholders

« Management of complexity

Life Cycle Support

Concept

System Operations

Production
Development & Support
| I I

Vertical Integration

Operational Models

Component Models




Current State ) Future State

Structural
Model

Operations
Plan

Power Model

=\ Mass Roll-up

Radiation

Thermal Model Model




Technical Approach

\ 4

Work with the distributed NASA/LM team to understand mission needs, trade
options, and establish baseline architecture.

Use the Systems Engineering Markup Language (SysML) to define the models needed
to capture relevant information

* Intent is to have a single authoritative source of information
 Suitable for driving analysis/simulations (often via external tools) and capture results

Understand Key Stakeholder Concerns/Questions and address by defining Custom
viewpoints (which also drives definition of model parameters.)

* What imagery will be available and when?

* How will data be retrieved from Orion?

* Who will have access to mission voice loops?

* When will a command path to Orion be available?

Tools

* MagicDraw/Teamwork for the complex modeling and visualization
- Viewpoints, diagrams, defining the models & relationships

* Web-based forms less technical interaction & wider access for engineers & manage




Key Questions and Viewpoints

What are the pieces &

When do how can they be What data needs
configuration combined? to be exchanged?
changes occur? ' l ' Does it match the IRDs?
) o \\ Composition / How do the
What is the high-level Mission ¥ Meedlines svstems need 1o be
ission? Configurations & . : Bk .
mission on l;;:ﬁ} o = r'” . connected?
\\\ A5CE . -
S L - ot B , /
vl Ml ) - Connectivity
# ¥ - no_ '7 -_
i - ."'_
el =, - - ' :
- Al st IR
= = LA
Interface Hvbrd Comms
What Requirements .
interfaces
do we i .
need? o s
| Stakeholders | Protocol Stacks | What data goes
_J_ & Comoerns : Communication . acrrss which
__i_ Principles | | Functional uﬁnhtt:';ﬂm +7- Lo : connections?
| Constraints | | : Allocations -'-'\llu::alinns =g == | Isthere E._‘]I'Dugh
------- T - ‘ ‘ pogll, T am_ bandwidth?
. Jrades o0 - = iirm
L 1 1 - -
! Dcp]u].-’mn:nt: ' :_: : e Eg =
S f=g = -x§ N
: B ‘._.‘___‘th How is data packaged/
! i . — routed?
femm e e : Who is performing which

functions & when



Viewpoint: Mission Overview

€ Key Questions:
* What is the big picture?

€ Viewpoint Features:

* Major: phases, assets,
communications links, data flows,
and deployments.

e Object attributes drive color
coding.

@ Uses:

* Single view that can be used
as a high level description of
almost everything else

* Helps management understand
the major players, how they
interact, and the issues that
need to be worked (color coded).
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i
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|
Lv / \
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MEO! . . |
LEO E On-Orbit D |
. ,Z’ Ops v “ |
g s AN |
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racking 7/ LAS Entry & Descent* \ 2
[ 7 / LV/ /’Y @ \l il
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v 3 J
LV TLM - -
Lvemp — || 14 & P
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Viewpoint: Mission Configuration and Phases

€ Key Questions:
* What are the major testing, integration and mission phases,
* How does the configuration change between each of these?
€ Viewpoint Features:
* key phases and transition events
€ Uses:

* Provides a consistent vocabulary for talking
about the mission phases and configurations

On-Orbit Op erations

H H L o {entry events = "operations orbit achieved", Entry & Descent

® Ba S I S fo r d efl n I n g a I I Ot h e r p h a Se_s pec Ifl C exit events = "on-orbit operations complete"} {entry events = "on-orbit operations complete",
. . exit events = "surface landing" }

configurations po J

{entry events ="T-0" , )

. . . . . . Post Landing
— "oper bit achieved"”
= E . g ) CO n n ect I O n S d u rl n g te St it events ~ "operations orbit achieved} {entry events = "surface landing",
exit events = "spacecraft power down'}

{exit events ="T-0" }

vs on-pad operations vs flight H On-Fad md Launch Opruions j L‘

Recovery Op erations ]

{entry events = "spacecraft power down"}

Testing & Integration Configurations J

—_
" Post Recovery
(inset view oftesting & {exit events = dellvelrg./ of .
spacecraft to de-servicing facility}

integration configurations) """

_ |
LT De-servicing +
e Post-Analysis
J Ground Data Analysis I %
1 l

o




Viewpoint: Composition

€ Key Questions: baa [Cata2] =
* What are the major components? O LMChPadl
° HOW can they be Combined? Launch Control Room | |Integration Facility Launch Pad

* What are the configurations during each

«Testing & Integration Config.»
Spacecraft Integration

«Mission Phase»
-3 & On-Pad & Launch Ops

mission phase?

€ Viewpoint Features:

* Hierarchical list of components (systems, hardware

software, people, etc.)

* Definition of how they are combined during each

phases.

@ Uses:

Clear definition of the components and how they are organized.

Understanding of components available/active in
each mission configuration

Understanding of how components are composed
into systems

Spacecraff 1 Spacecraf 1

Sp acecraft

B

B+ Mades/4ctors Decampositian

E-£3 Common H & SW Components
B0 Existing Institutional Service Entities
E-E External Supporting Entities

E-£3 Launch Vehicke

E-C0 NASA Center 1

B Relations
B0 Facilities
-7 Relations
=-EBidg ¥
i 08 -Spacecraft 1 Test Room @ Test Room
E-Heidg 2
¢ [ -Mission Control Room : Corirol Room
#-E Control Room
E-E Test Room
00 -Test 5/C Article © Spacecraft
- -Test Ground Ops S Ground Ops SW
E[0 Hardhware 8 Software Components
-5 Center 1

E-C0 NASA Center 2

B Relations
B0 Facilities
-7 Relations
=-E Integration Facility
¢ -0 -Spacecraft 1 : Spacecraft
-E Launch Control Room
E-E Launch Pad

-0 -Spacecraft 1 Spacecraft
E-E Center 2
+~[3 -Integration Facility : Integration Facility
08 -Launch Pad 1 @ Launch Pad
=08 -LCC : Launch Cantrol Room
1 Center 2

#-C] Prime Confractor Ground System
B0 Spacacraft 1

E-H Spacecraft

10



Viewpoint: Needlines

&

hase
€ Key Questions: P

Data types

* What data needs to be exchanged i [weediines Vie\mm)]

Flow
between Systems during eaCh Spacecraft 1 . Mission Control Room Direction
elem etry
mission phase to meet the [ B —
mission objectives? Command
* What are its parameters (quantity, [ﬁ@m
quality, security, etc)?
€ Viewpoint Features: JT'ITI
¢ key data eXChange types and GPS Signal GPS Signal GPS Signal Comms Status
sources/destinations I
‘ Uses: GPS Constdlation TDRSS
* Definition of data types, x 2 e
* Basis of Interface Requirements
Documents (IRDs), Needlines are also linked to :
* Understanding of what data will * parameters about a particular flow during

be exchanged during each mission a specific phase.
phase * More precise definition of the data types.

11



Viewpoint: Requirements - IRDs

&

€ Key Questions:

Ports are linked to IRDs

* Are there gaps between the IRDs & the Needlines?
* Which IRDs are on contract, funded, or <tbd>?

€ Viewpoint Features:

* Augments needlines with specific IRDs

» Attributes of the IRDs (such as contract status) gﬁ%@ﬂ
are used to color code the needlines/ports

@ Uses:

* Helps management understand the
status of the IRDs versus operational
data exchange needs

* Provides an initial gap analysis
- Needlines that don’t have IRDs

* |dentifies exchanges we may not need
to fund

- IRDs with no corresponding needline

ibd [ Needlines with IRDs View (On-Orbit Ops Phase) ]

Spacecraft 1 Telemetry Mission Control Room

IRD.SC1-MCC.1001  TRD.SC1-MCC.1002 f_l_l

» —
Command

IRD.SC1-MCC.1004 _ IRD.SC1-MCC.1003

-

Command Response

IRD.SC1-MCC.1005 = IRD.SC1-MCC.1006

L

Imager

IRD.SC-1-MCC.1007_ IRD.SC1-MCC.1008

L

T T

IRD.8C-1-GPS.1001 IR.MCC-GPS.1001 N

!

{1,

IRD.MCC-TDRSS.1002

i

GPS Signal Data Types GPS Signal Comms Status

provided service -
no IRD required

IRD.MCC-TRDSS.1001

GPS Constellation TDRSS

\
A

IRDs are managed in a data table which
was imported from the IRD documents
* ideally the IRDs would be automatically
generated from the needline models.

12



Viewpoint: Connectivity @/

ibd [ Netwotk Connectivity (On-Orbit Ops Phase) ]

€ Key Questions:
Spacecraft 1 Mission Control Room
* How do the systems need to be connected? %

* What types of connections do we need
(umbilical, RF, discrete, WAN, etc.)?

* What are the parameters of each connection
(data rate, security, completeness, reliability,

«SN S-band»

etc)?
€ Viewpoint Features: ‘
«GPS L1 1575 MHz» «NISN »
* ldentifies Communications Providers o o e

* Major communications links and configurations
between system. ﬂ-ﬁ’

@ Uses:

* Defines the high-level communications
architecture (can be decomposed into
lower level models)

Each connection is linked to a configuration table
that defines its unique parameters
* RF — frequency, modulation, framing protocol,
SNR, BER, security, etc.
* WANs — bandwidth, reliability, security, routing,
address allocations, etc

13



Viewpoint: Hybrid Needline-Connectivity

&

€ Key Questions:

* Which connections are used by which

needlines?

* Do the connections provide the needed

capabilities?

- Bandwidth, data reliability, latency, etc.

- Security

€ Viewpoint Features:

e QOverlays the needline flows on top of the

connectivity views

- Still linked to all the same information

@ Uses:

e Reasoning about the impact of the
communications architecture on data exchange.

* Allows high level modeling of the
communications/data exchange architecture

ibd [ Hybrid Comms (On-Orbit Ops Phase) ]

Sp acecraft 1

S

« SN S-band»

Command

GPS
Signal

Telemetry,

Command Response,

Imagery

«GPS L1|1575 MHz»

GPS Constellation

Mission Control Room

Telemetry,
Command Response

Imagery,
Commsg Status

«NISN »

Command

NISN

Telemetry,
Command Response

Imagery,
Comms Status

«NISN »

Command

TDRSS

14



Viewpoint: Protocol Stacks

€ Key Questions:

* What communications protocols are used
by the data exchanges and connections?

* How are the protocols related?
* What headers and overhead do they add?

€ Viewpoint Features:

* Relationship between data exchanges and
protocols.

* Relationship between protocols
- Buffering, encapsulation, routing, etc.

@ Uses:

* Reasoning about the impact of the
communications architecture on data
exchange.

* More precise modeling of the
communications/data exchange
architecture

* Impact of integrating with other protocols

ibd [ Orion via TDRSS Protocol |

Spacecraft 1

Spacecraft Side A - primary

Spacecraft Computer

Communication Subsystem

C&DH Subsystem

,_Telemetry I
| - — 2

:_Command I

—_ — —

Real Time
Transfer
Protocol

PROTOCOL STACK / LAYER
LEGEND

«Application»
«Session»
«Transport»
«Network»

«Data Link»

«Physical»

TDRSS
o

Currently the model only has high level parameters
of the protocols (e.g., header size). We’'re working
on modeling the behavior of the protocols (say

retransmit on loss of packet)

15



Viewpoint: Data Exchange Functions @

€ Key Questions: needline

* What are the key functions for each
type of data exchange and who is
responsible for providing them?

act [ Telemetry Activities (On-pad thru Post-Landing Ops) ]

Spacecraft 1 Center 1

Migsion Control Room

* Where are the authoritative &
secondary data stores?

P
Generate
Telemetry

€ Viewpoint Features: P d
Send C3I

TLM as ] Telemetry

DEMs over Irll? J{ Telemetry

-

* Key functions and allocations to systems

e |dentifies the functions that are

. . N Receive C3I TLM in
producing and consuming the Moo T DIEMs over 1P |
needlines. h| | L

‘ UseS: '/-Generate Test | EXtra?iI%/[Use
. . . 1
¢ Common understanding of who is doing Telemetry
what and when. " Record TLM

* ldentifies all data exchanges and where Test TLM

data is stored (useful in planning for / ey
contingencies and showing that the th

architecture supports the analysis plan)

16



Viewpoint: Communications Functions

€ Key Questions:
* What are the communications functions
for each connection?
€ Viewpoint Features:
* Key functions and allocations to systems

&€ Uses:

* Common understanding of how the
communication system functions.

* During integration and test, also helped
us understand which portions of the
communications system were being
emulated, simulated, or provided by
actual systems.

act [ Comm Functions Allocation - SC Return Link (Ascent thru Recovery) |

Spacecraft

Spacecraft Side A - primary

Spacecraft Computer

Communications Subsystem

C&DH Subsystem

o)
TLM

Generation

N

CMD
Response
Generation

N~ 7

Generate
Imagery
Stream

—

Telemetry DEM DEM
> | Encapsulation | ——
th

CCSDS ENCAP
—>f th

Command Response

Imagery Wrap into
—_— RTP over IP
th

)

AOS Framing
th




Other Model Components: Comments

® Features e | e
* Objects are managed in a table B ]
and that can be associated with Command
any part of the model and ﬂé@m
displayed on any of the views : ]m;y z
€ Used to:

* Help clarify portions of the T, GPS Sigual
model or views ;

* |dentify areas where work E
needs to be done (questions, ’, EF i) DA

issues, discrepancies)

R

GPS Signal

GPS Constellation TDRSS

ID

Description

A0

Assumption is that TDRSS Comms Status updates will be provided same as on previous missions

Co!

GPS is an existing service that S/C1 would use

vo1

Unknown whether all of the on-board cameras will be sending imagery at the same time.

AO001

Unknown whether an entirely closed loop command and control loop is needed for all commands sent to the S/C.
Alternatively, only mission critical commands should trigger command responses.

AOI

Alternatively, TDRSS could be supplemented by NEN ground stations.

18



Other Model Components & Viewpoints

€ Other Viewpoints (in the model, but not used in EFT-1)
» Stakeholders & Concerns

Constraints

Architecture Principles

Trades

Deployments

19



Advantages

€ Single Source of Truth (authoritative)
* Information is entered ONCE.
* Consistent terminology, configurations, representations etc. across all products.

& It’s Alive!
* Model always reflects the latest/best information and decisions.
* Updates are automatically applied across all products.

€ Shared Understanding
* Allows stakeholders to understand the system from “their perspective”.
- Addresses their concerns & understand how their pieces fit in.

* Helps new users understand the system more quickly, and allows all users to
explore/drill-down as needed.

€ Expressive but easy to understand.
* Can model complex relationships between systems (versus boxes and lines)
* Produces products that are usable by both Humans and machine
- Gate products for reviews
- data and configurations to drive analysis and simulation
- Promise of being able to support “what-if” trade analysis

20



Lessons Learned

€ Understanding stakeholders concerns is essential to designing the right
viewpoints and capturing the right information

€ The model-based approach must provide concrete value to the project,
not just a different way of generating the same material.

€ Teams more readily adopt the approach if (and only if)

* |t directly helps them do their job —i.e., generates products they need in a
format they can use, performs useful analysis, etc.

* They have appropriate training & access to the tools.
* They have support (a community of peers!) to resolve problems/questions.

€ Cross-pollination with other teams can be a big efficiency multiplier

€® Modeling Tools are still catching up to the needs.

21



Questions?

What are the pieces &

When do how can they be What data needs
configuration comibined? to be exchanged?
changes occur? l ' Does it match the IRDs?
. . - Composition / How do the
What is the high-level Mission P Meedlines svstems need o be
ission? Configurations & ‘ SySlEms .
mission | - o : connected?
‘\ A5CE . -
av: (T R . /
il . m— l : v Connectivity
# -1 - 5 n o = -
' '-‘. "'K_
il . ™ '_'!
- - el =T £ g.
- = v B
Interface Hvbnd Comms
What Requirements .
interfaces .
do we = :
need? N
' Stakeholders _: Protocol Stacks What data goes
| & Concemns : Communication across which
P : Data Exchange Sy I ' ions?
__ Principles | Functional s 12 ‘ : :31‘:‘;?;?;;@1
i ; : e
i Constraints ! Allocations N . I S 2 - !
————————— S Allocations i 27| bandwidth?
o Trades o : R PP N 2 Wi i 10 @
[ 1 1 - - o
. Deployment, o« 1 ! R = &
s S=E~ozE S
: P ‘“"‘--«_._-—-—-"" How is data packaged/
: b . — routed?
PR ; Who is performing which -

functions & when
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