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Objective

e Can models (with documentation) improve
communication, characterization, and
specification of the system over
documents alone?

e Can such a model achieve enough
commonality to be reusable
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FireSat Mission
' F| I’esa'[ Example (From Space Mission Analysis and Design

(SMAD), Third Edition, by Wiley J. Larson and James R. Wertz (editors).)

— Realistic and sharable

— A mission to detect identify and monitor forest
fires from orbit

— Widely regarded as definitive text on space
systems for concept/feasibility studies

— Examples are sufficiently detailed to create
models

INCOSE



Presenter
Presentation Notes
development methodologies 
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Presenter
Presentation Notes
Concept of how firesat would work and flow information


Approach

 Treat book as documented design set
— Information “siloed” by discipline
— Various expert authors — conflicting perspectives
— NOT a critigue of the books content, format
« Special thanks to Wertz and Larson!

« Compare Model to Documents

o Capture reusability
— Same intent as book
— Provides compelling demonstration of MBSE

— Provide as a resource for anyone doing Space
Systems engineering
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Wymorian MBSE

 Wymore Documents — explicitly tied to system models
Problem Situation

Operational Need

System Requirements

System Requirements Validation

Concept Exploration

System Functional Analysis

System Physical Synthesis

. Commutatlve property does not apply

— Systems engineers make these documents DOES NOT
Imply that making these documents means you are doing
Systems Engineering.

~N O O & o
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Concept of Operations
Requirements (SRDs, FRDs etc)
Interfaces (ICDs etc)

Functional Designs

Analysis-specific engineering reports
(trades, reliability etc)

End-to-end Information systems spec

INCOSE

Types of Document-based
Information in FireSAT

Mission Objective, system
requirements

system requirements

Data flow diagram, system
requirements

Power functional decomposition
Solar Array selection

Data flow diagram



Presenter
Presentation Notes
Another way to look at this is what types of documents represent this information


arest Fire Detection [ g Forest Fire Detection 1)

<<block>>
earth : Earth [1]

<<block=>

High Altitude : Atmespheric Volume I_I_l

<<block=> [=]

TargetArea : Geographic Area

<<block>> =
Targ : Surface T I, proposal
Inf =

__ — "|package (nO}, L2

=<<block>>
lowAltitude : Atmospheric Volume

=)

=<<block=>>
fire : BurnProcess

»
»
Gravity,

Relate by gravity, | — — — ElectromagnaticRadiation

|
I Sun : TheSun [1]

| S
|

Most of this information is usually spread across documents
as assumptions. This includes the fireSAT example.
properties of the context are sprinkled across the example as
they are relivent to the example.

the medeling methedology provided a way for collecting this
stuffin a more reality oriented presentation.

5 Envi <<block>>
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Carrier Carrier
leciava [1.."] ransmit roundICD
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<<blpck>> =]
stn commStn : NOAA ground stations
» [—]
ElectromagnaticRadiation
i {1] {7}
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A
Telemetry, Commands
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gmds ps
i ]
4| [ LI
<<block>> =
<<gystem of interest>>
ops : FireSAT Ground Ops
{11 {11
Forest Data, Fire DIM Plan
FireCandidate
i t
e<block>> =

fsc : ForestServiceCommunications

end to end
information system

USFS : Forest Service [1] =




trajectory charactoristics / s
FiresatMission : FireSat Operational Mission
{comes later as models, | Op al 1
for vav, and description /
<<block=> Q of results)
B <<block>>
sarth : Earth [1] L SEEEnEGEm | <<systam of interest>> =
, ! i I Operational FireSat Constallation : FireSatSystem [1]
<<block>> atm o | _ [ /
High Altitude : Atmospharic Voluma Ll i
L|" AtmosphericDrag . k]
! SolarWind,
earth o
<<block>> = = > gmemmnylma;
TargetArea : Geographic Area Electromagnatic Radiation, Elmmm
Gravi
; ) i “
| = | -
LB = Transmit ecieve RiightlCD
TargetForest : Surface Topography 11, proposal -
.--'- i - — -
& —  |package (AD) L2 B — — ¥
<<block>> = MissionEnui Carrier Carrier
. sionEnvironment
lowAltitude : Atmospheric Volume . o Recieve [1.7] ransmit a IcD
Electromagnatic Radiation =<block=> = |
stn commStn : NOAA ground stations
> ]
TS = ElectromagnaticRadiation
fire : BurnProcess fire o 'Tl |T 1
—| Ll - L
Electromagnatic Radiation gmds ]
F
L | Talemetry, Commands
Tracking
omds ps
i {f]
|| |5 |
<<block>> =
<<system of interest>>
ops : FireSAT Ground Ops
|-
L
Gravity,
Relate by gravity, .
e oy gravity, e ElectromagnaticRadiation
distance, energy =olar iy Iy
ores ire
| F t Data, Fire DIM Plan
| Sun : TheSun [1] °. I e o $
| |} L}
<<block>> = |
| fsc : ForestServiceCommunications
Mast of this information is usually spread across documents
as assumpticns. This includes the fireSAT example.
properties of the context are sprinkled across the example as
Interr thay are relivent to the example.
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Mission
Measures

par [Block] FireSat Operational Mission [ [B§] Responsiveness | Supporting measures come from

systems that make up the enterprise

\

MeanAlertForestServiceTime : Min )

MeanTimeBetweenDownlinks : Min 5

thd fst
<<constraint>>
eZert : End2EndResponseTime

{e2ert == thd + fst + pt + dt}

L1 [ ] [ ]
dt e2ert | Min pt
MeanProcessingTime : Illin"m
MeanDataAquisitionTime : Min
7 <<pgrformanceRequirement== Wi

req : Responsiveness

=<\aluaTypa=> H
ResponsivenessMaxTime : Min

Measure of Performance AN

on Flight System (30 min, 50 users) Requirement

Translates to Effectiveness
measure. '




Parametrics Issues

 \Would like to be be able to see Iinstance
values on these

e Stronger connection between
requirements and model properties
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Affects

 Responsiveness <-> Coverage
e Coverage <-> Orbit Design
* Orbit Design <-> Power Design

INCOSE




Mi

par [Block] OperaticnalOrbit [ O peraticnalOrbit ]J

earthAsAPoint : PlanetCenteredinertialFrame

firesat : 5C_Ephemaeris_Relative_Earth [1] i B

DistanceFromCenterOrbit_Focii : Real

RightAscensionDfAscendingMode : Real —

VelocityVector : Real —

Inclination : Real —

TrueAnomaly : Real

aeta

Origin : Space0rigins

-

Eccentricity : Real

SemimajorAxis : Real

MagnitudePostionVector : Real

ArgumentOfPerigee : Real

FlightPathAngle : Real

(T

<<gonstraint==-
: GeomOfEllipse
{r = a*(1-e"2)/(1+e"cos(aeta))}




Parametrics and Activities

« Want to show how a function or goal (delta-v) causes
a change in the orbit
Cant show this

— putting activity on IBD creates separate usage (meaning IS
unclear)

— No way to bridge properties onto activity diagram at all
e |tis often desirable to show constraints on functions

« Constraints and activity blocks live in harmony on
BDDs why not IBDs and Activity diagrams?

« Atthe end of the day you have a tree of parts and the
leaves are all functions, properties and constraint
properties

— SysML should be consistent in combining these depictions

INCOSF




Fun
require

bdd [Package] Power Subsy A [ [ Power i ]J
<<hlock>>
<<logical>>
FiraSat what diagram <<block=>>
, would this info be PowerAssembly1
IlgFs : FireSatSystem [1] on?
<<block>>
GaAsArray
referEnces
<<block>> : GaAsCells
EanerSourcs lfetimeD aion = Di unit = Percent)
<<allocate>> el
Supply Conti fElec: | R e e e I S
<<block>>
<<allocate=>> NiCdAssembly
<<pbock> - - - - - - — — — — — — — —
EnergyStorage : Nicd
~alocate>> : BatteryGontrolBoard
e e parts
provideStoredEnergy () nc : NiCd
<<hiock>>
PowerDistribution
distributePower()
<<block>>
<<allocate=> ay
_____________________________ _)
<<block>>
PowerRegulation&Control
Convert AcPower()
ConvertRegulatedDcPower( ) <<block>>
FireO B it . PowerController
ProtectAgainstBus Faulis()
ProtectigainstFaiures()
ProvideHealthAndStatus| )
Supprass TransientBus\oltages()




Activities Issues

* Not clear why activities allocated or
composed into a blocks are different then
operations.

— Inconsistent

— |leads to lots of extra linking and mapping or
just disconnects in model

 Would prefer actions to be like parts
— Use same on activity or IBD

INCOSF




par [Block] i
this is usually excel based for prephase a,
a ish bish
but then as you grow models i
goes to richer software and sometimes
satys in excel
| pwrScl : FireSAT Spacecraft! [
: ife: yr
I T
P : GaAsArray
| scComFrm : SC_BodyFrame = ‘nlsslerrs yr | p— “:‘ ______ =
| ] | . GaAsCalls =
| eclipseTime : Sec eclpseTime : Sec :‘ «tm i | ‘
I I :F [smuwm:m ! ,J_I solarCellPowerOutput : Watt I
T
: Sec \
[ = I SaygpTine Sec 1 I
| Anglo : Deg [y yearlyDegridation : parcent | ‘,.I :nmlml
| melmiﬁm:mﬁ )
l | 1 Real I solarCellEfficiency : percent | | | Efficiency : percent
| | soarliuminationintensity : Real Jj T
I [
|
|
|
[ T T T dm DwectEnsegyraansee 3] [ otimeDegricaton : percen | [ “percent 3 |
. ) |
Effic  percent
l |daylgl|iﬁmﬁnlcy:pumt o i dayLightEfficiency : perc | - |
| ) ordOfLiaPowar : Watt i endOfLifePower : Watt I
I ‘ eclipseEfficiency : percent — I eclipseFficiancy * parcent :‘ |
| Emﬂ-ﬁsmiw‘aﬂ , [ beginOfLifePower : Watt I
| | batteryToLoadTransmissionEfficiency : percent ; | | batteryToLoadTransmissionEfficiency : percent o | |
I |
|
[sci)serw‘Waﬂ ! IlmmiulE ...:wmml_
T cNiCdAssembly [ I
f O ower : Watt | g Watt L _ _ L
| ne : Nicd = |
l Capacity : AmpHr - batteryCapactty : AmpHr :l inheirentDegridation : percent |’_| inhrntDegridation : percent — I
| i O T
| = numberOfBatteries : Real requiredSolar, : |
y : Real equin ArrayArea : Real
| iy = | :‘ I: 0 : Real |
|' [ neminalDischargeDepth : AmpHr I disc . |
hargeDepth : AmpHr .
|| ] [w i } ‘"":mmi‘::
|



Presenter
Presentation Notes
This represents a specific configuration of the system – NiCd battery assembly, GaAs solar array and a DET power distribution unit. Other configurations can be represented as well and executed for different trades.

Can be used to solve for any subset of variables – as long as solution exists

Note how the information represented references other definitions with reuse 


scComFrm : SC_BodyFrame = |

eclipseTime : Sec

|.:ﬁuTi'r|a:5m:|j| =

daylight : Sec FayightTime T 5o

|h:i1aﬁnnnngu:mg - i

approxSuninclinatienAngle | Deg

‘ illuminationConstant : Real i

solarllluminaticnintensity | Real

| dEt:DirectEnergyTransfer [ | Lati'rm[}agl'lclahun' ion : percent | [lifetimeDegridation : percent
1
‘daﬂghtElﬂ:imcy i percent I- 9 :
fLifePower : Watt .
|m=!=ﬂm1ml E"‘“"G I Imdﬂfmu.mm
|
batteryTolLoad TransmissionEfficiency : percent — ! battery ToLoadTrans [ beginOfLifePower | Watt : I beginOfLifePower : Watt
|
T :NiCdAssembly = [ lipsePower : Watt nomianlEclipseReqPwr : Watt —_
i = |:m r‘—{ =
| nc : NiCd = |
| ["W‘H'“F"J‘wa“ﬁ | | daylightPower: Watt — L _ _ 1 _
I ‘qua:ﬁy:.lmpHr o= | | I
irentDegridation : percent | [inn ridation : t
: |Baﬂ-'yﬂumﬁly:m o perc lr—< mtDeg percant
|| nominalDischargeDepth : AmpHr requiredSolarArray Area : Real
| | I I _< reqSolarArrayArea: Real o | — . _

requiredSclarArray Power : Watt

/
i




ibd [Block] FireSatSystem [ [j PowerSubsystem U

thrm mech thrm mech
— S — N L =
thrm  mach | i <<hlogk>> i | mm» - =
™ _ _ 2 | DirectEnergyTransfer | . GaAsArray [_J
| cohioo k> —
: NICdAssembly - <] F—t—H
H T | .
|
I [*1
T L¥ T
Messages
Messages
F Messages
&
Messages
Messages Messages
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Model Reuse Benefits

« Understanding model reuse at an early
stage

— Becomes a proven set of common modeling
tools

— Extends value of effort
— Simplifies overall modeling effort
— Library is testable

INCOSE




Space Systems Model Library

e A collection of reusable artifacts
expressed in SysML and various

numerical implementations (e.g. Matlab
ScCripts)

— Thermal, Mechanical, Power etc
— Functions, Parts etc

* Resource for facilitating MBSE In Space
Systems

* Envision a “tool kit“ and “building blocks”
INCOSE




bdd [Package] RelUseConcept] @ Reuse Concept y

Diagram

<<block>> <<block>>
Missioninformation | -describes -faciltates petruciures

- selects from -conforms to -applies Version
<<block>> <<hlpck>>
-conform 10 | siandardsAndBestPractices | ~Conforms to -informs |TamplatesAndPatterns
<<hlock>>
Constants

Parts Analysis&Constraints Ontologies Profiles Frameworks

gincering ;




Power

par [Constraint Block] PowerConstraints| inerCnnstrainrsy J 4'_[

requiredSolarArrayPower : Watt approxSuninclinationAngle : Deg inheirentDegridation : percent
EclipseEfficiency : percent  DaylightTime : Sec  Dayligt i : percent qui yPower : Watt DaylightPower : Watt
jbanerycapacity:AmpHr E(:\ip:aeF'mt.n=.r:Watlj
issi G . <<consEamts
jhaneryTnLnadTransmmmnEmmency,peme t puen beginOﬁ_ifePower:Wau,_
{RequiredSolarArrayPower=(Ecl|psePower Eclipse Tifne/Eclipse Efficiency+ DayljghtPower* DaylightTime/DaylightEfficiency)/DaylghtTime} L
_|dayLighlEmniency : percent
I daylightPower : Watt []
1 avtiehtFime—S fEtlipseTime - Sec
j - P SunincidenceAngle : Deg InherentDegradation : pBegmOfl ifePower : Watt
[]ischargelepth: Ampkir A [ ] L] LT [ etrcelPousiRant disibupur W
A
[ eclipseEfficiency : percent || <<constraint>> ——
=, : BeginOfLifePower
[ eclipsePower : Watt . )
L {BeginOfLifePower=SolarCellPowerOutput’InherentDegradation”cos(Sunincidence Anglaj}
_|ec\ipseTime :Sec
=]
EclipseTime EclipsePower DepthOfDischarge BatiToLoadTransmissionEfficiency| BatteryCapacity
NumberOfBatieries : Real u u u |—|
<<constraint>>
: BatteryCapacity
{BatteryCapacity=Eclipse Power*Eclipse Time/DepthOfDischarge*“NumberOfBatteries* BatiTol oad TransmissionEfficiency]

_|numherOfBattenes :Real

L]
| SolarCell
U | |PowerOutput
e conshaint=> i requiredSolafArrayArea : Real, |
So\arl\luminationlntensit"] : SolarCellPowerOutput .
{PaweOutput=Solarllluminationintensity* SolarCel Efficiency
—T
. RequiredSolarArrayPower : Watt RequiredSolarArrayArea : Real
|- solarCellEfficiency : percent T
=
<<constraint>>
EndOfLifePower : Watt : RequiredSolarArrayArea
] Al ¥ q ¥ OfLi
|- solarllluminationintensity : Real
=]
J_‘ <<constraint>>
) ) - EndOfLifePower BeginOfLifePower : Watt
jendOtiePower Watt | EndOn fePowsr Wall 1 engot ilePower=BeginOfLifePowerLifelimeDegrada
Uifetimen dation - <<constraint>> missionLife -y missionLife : yr
‘ ifetimeDegradation : percent . LifetimeDegradation ] v []
{LifetimeD: 1=(1-YearlyDi 1 missionLife

lifetimeDegridation : percent LifetimeDegradation : percent ’j_‘mﬁmm:m(
t




L]

approxSuninclinationAngle : Deg inheirentDegridation : percent
DaylightPower : Watt
beginOfLifePower : Watt
ghtTime) L
SunincidenceAngle : Deqg InherentDegradation : pEmeemOfLife Power : Watt
[] (] [ arCellPowsrQupHbWalbutput - Wart |
<<constraint>> ik =
: BeginOfLife Power
{BeginOfLifePower=SolarCellPowerOutput’InherentDegradation*cos(SunincidenceAngla)}
sty
ST

requiredSolarArrayArea | Real —|

T

RequiredSolarArrayPower : Watt RequiredSolarArrayfrea : Real

L]

EndOfLifePower : Watt

]

i

==gonstraint==
: RequiredSolarArrayArea
{RequiredSolarArrayArea=RequiredSolarArrayPower/EndOfLife Powe

L




Lack of Robust Model Interchange

 Library Is stuck in tool of implementation
e Tools for testing are limited

 Need rules (pre-processing) to ensure built
as intended

 No way to tell what fidelity will be provided

 No way to know when it is appropriate to
use library elements

* |s ontology the Solution?
INCOSE




Parametrics Equation expression

* Desired to show “mathematical symbols

 Have list of appropriate solvers within
constraint

e TABLES

— Toggling between diagrams and tables of
values and equations is HIGHLY desirable

o Sets of alternatives are pain-staking to
represent

INCOSF




INCOSF

Timing, Timelines and Time

Desire to express states, functions, events
etc on a timeline

No way In SysML to account for time as a
first-class element of the model

Would be very useful to have time related
Info at least on activities (duration, etc — like a
PERT chart)

Suggestion: Parametrics are part of structure
and behavior, make time the 4" pillar




Useability

« Many Systems Engineers don’t have a lot
of software/language background

o SysML tools are built on Software tools
 Many assumptions
e Software versioning tools
 Lots of manual stuff

e Poor support for making Systems Engineering
work products — Documents

 Where are my tables?

INCOSE




What next

* Look at profiling time based examples

* Explore some more state analysis
examples

* Rich future for SysML execution

INCOSE
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What Is State Analysis?

A model-based systems engineering methodology
— Based on familiar principles from control theory
— Complementary to the functional decomposition approach
— Intended to help address the complexity challenge

* |t provides a methodical and rigorous approach for:

Modeling behavior in
terms of system state
vars & the relationships
between them

state-based behavioral modeling

Capturing mission

objectives in detailed
scenarios motivated by
operator intent

Describing the methods
by which objectives
will be achieved

goal-directed operations engineering state-based software design
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