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PHOENIX
Purpose

* Provide a Demonstration of the Capabilities to
Support an Integrated Approach to Satellite
Design

* Demonstrate the Value of Model Based
Systems Engineering, Distributed Engineering,
and Model Based Engineering

* Highlight the Ability to Collaborate using a set
of Common Environments to enable rapid
responses to changing requirements

MBSE/MBE/DE Enable the Development, Management, and Evaluation of
Complex Systems of Systems




Distributed Engineering

* Asynchronous Automated Performance Evaluation and Trade
Study Capability from Any Place in the USA as Long as There is
Internet Connectivity

D ted via a Cloud Based Virtual Private Network (VPN)
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Model Based Engineering Approach

* Model Based Approach

* Wide Range of Applications

e Supports and Enables Modernization
PUMA Lab Model Based Engineering Architecture

Open Model Based Engineering Environment (OMBEE) PARSONS
Model Based
Engineering (MBE)
|
| | | |

Model Driven Model Based :

Business Process Ontology
VEEEpE! >ystems Modeling (BPM) Engineerin

(MDD) Engineering (MBSE) & & &
Model-Driven Software Engineering Systems Engineering Applications Business Analysis Applications Knowledge Engineering
UML Tools PUMA Lab MBSE Toolset BPEL/BPMN Tools SharePoint Portal
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* HOENIX
PARSDNS INTEGRATION

Demonstration Overview
* Model Based systems Engineering (MBSE) Approach

e Based on Low Earth Orbit Weather Satellite

* Requirements Derived from the Technical Requirements Document
———————————————— Parsons VPN

Start/Finish with

the Repository

Collaboration
Repository Environment

Create Block Create
Structure Diagram Requirements Create Parametric
and Map Satisfaction Diagrams
Requirements Diagrams

Create Constraint
Create Mission and Diagrams (Integrate Perform Orbital Perform Reaction
Sensor Models External Trade Study Wheel Trade Study
Simulations)

Publish Mission
Perform Model to Publish Data Back to
Requirements Trace Collaboration Repository
Environment

Import
Requirements into
MBSE Tool




Sun Synchronous Nadir Pointing
Push Broom Sensor

Orbit
At Least 5 Year \ o

Orbital Life, ===

#Orbital Altitude
480-535 km

* 88 Requirements
Derived From the
Technical Requirements Reaction Wheel:
Document 1) Nadir Pointing
Orbital Trade Study within 0.25°
Focuses on Five 2) Wheel
Requirements that are Saturation less
all Related than 90%
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Block Definition Diagram

* Decomposition of the System into its mission areas and

mapping data requirements
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PARSONS "HOENIX
Requirements Satisfaction

* Defining the Performance Parameters that Satisfy the Requirements

bdd [Package] 1-Requirements [ Requirements Satisfaction J,J

«block»
Mission Enterprise
constraints
VHA : vertHalf Angle

coverageAnalysis : Coverage
rwm : ReactionWheelModel

: Coverage
values
numberOf SatellitePlanes
- maxDeorbitTime
«requirement» satellitesPerPlane
«PropertyBasedRequirement» «moe» collectionPeriod

Cloud Data Refresh «moe» coverage = 99.87

" ; «moe» cloudDetectionAccuracy
Id="2.1.3.4 «moe» latency
lowerBound = 100.0 «moe» geolocationAccuracy
Text = "The ORS-8 System «moer horizontalCellSize

. «moe» missionLife
shall collect every location «moe» lifeCycleCost
on the Earth every twelve . «moe» launchDate -
hours." Dl «moe» CTTuncertainty «requirement»
~ _«satisfy» «moe» channelAccuracy «PropertyBasedRequirement»
~ «moe» totalValue Pointing Accuracy
~ «moe» pointingOffset = 0.229338600630353 o ..
~ __ | «moe» wheelSaturation = 0.856842222222222 Text = "The pointing offset
shall be less than 0.25
__ — Zdegrees for the entire
«satisfy» _ — lifetime of the satellite.”
o I upperBound = 0.25
pointingOffset
«requirement»
«PropertyBasedRequirement»
wheelSaturation | satisty> Wheel Saturation

— — — 3(Text ="The reaction wheel's
speed shall not exceed
90% of their saturation
speed."

upperBound = 0.9




4 PHOENIX
MBSE Parametric Diagrams

e Connect the Requirements to a Mission Context Performance Model

par [Block] Mssion Enterprise [ F‘arcenthverage}J
ScPhy : Spacecraft-Physical «&';:;TK:;";”SE»
coverageAnalysis : Coverage
WxPayload : Sensors i}
tHalfAngle coverage  «equal»
vert half angle : degrees |[ equal Tfer ‘ng verey £qua coverage
circularAltitude rueAnomely
semimajorAxis
Parametric Diagram M=~~~ ookswomrol ~ " ]
Mapping Requirements : : > inefon
base Performance Data to o[ crcatiude skm | . b cy
. . |
Orbital Mechanics ' | i
|
Simulation | l
F |
l E | «equaly
|
| | «equaly
Ainclination ! vequals
|
| | I
I Aright ascension of the ascending node I i «equaly
|
: Asemi-major axis | £ vequab
|
|
Mrue anomaly | aequab
| [ aoma]
| |
_______________ =




PARSONS

Sensor Model
e Custom Code in Matlab

e Calculates Sensor Resolution
based on Satellite Altitude

e Used to Calculate Sensor
Coverage

A eel0)

= ] L
(o | e ) |2 Run Section (L1

Compare v ofGoTow Comment % g 3
New Open  Save - - Breakpoints Run  Runand |<; Advance Run and
v v v aPitw \AFmd v ndent ;] i) 1 - v Adence Time

Insen (21 fx [y v

BREAXPONTS R

Name getVertHalfAnglem halfAngle.m

“atovCalem 2
#) hescalem 3
e

3
4

ol e 5
stiPathdef m 6

10 x distar
L= distance = hes/ifov*1000;
12z t

13- scankngle =

New to MATLAB? See resources for Getting Started x

fx >>
afovCalem (Script) v

< >
Ready getvertHalfAngle
H Q Type here tosearch
o
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PARSONS PHOENI
Mission Model

* Repeating Ground Track Sun Synchronous Orbit

#% Scenario5 - STK 11 - 3D Graphics 1 - Earth = X
File Edt View Insert Analysis Satelite Utiities Window RT3 Help

G BE -85, 8-9-8; M8 - BESEN
Search £- MU 4d I PP 2 DD 8Ian 2018 17:59:05.000 - Analyzer... [ & [ i AT AT AZ €0 _

Object Browser v rox

—_ | @ 30 Graphics 1- Earth =N REE =X
SHEsmaxa s nepa, » e2es /s2€, 00 @;

=) &4 Scenario5
1] [V]g¢ ORS-8

@ 3D Graph...| 2D Graph

Timeline View 1 v & x

4’ @ Scenario Availability v 7 @+ @ Scenario Analysis Period v & [& ¥ ¥m@Xx 9

:lo....{@..........2.0560..........2.2:60.........--‘...........62:,00...‘4...“64:,00.HHHH‘(.)szo”...yu..de;)o...V.A...y{o&)o...”.....1.2;)0..........1.4&’0.......‘........1.
08 Jan 2018 17:59:05.000 1700 ~18:00 | 20:00 | 22:00 | 00:00 |02:00 | 04:00 |06:00 | 08:00 | 10:00 :00 | 14:00
e P R e B s
&4 Scenario5 Availabilitylntervals & k ) ]
|
A% | Satelite1 (83.73913, 166.71010) |8 Jan 2018 17:59:05.000 | Time Step: 3.00 sec




PARSONS

Integrate Mission Model

* Create wrapper
for models and
integrate into
SysML model

T
(=)
m
=

v Phoenix Integration ModelCenter 11.2 - [C\Users\stephen.thomas\Documents\Analyses\SSPEDI\CoverageModel\Coverage.pxcz*]

File Edit View Tools Component Project Window Help

DR, =pPEeREDEL. 0O,
I anne Y alue Units
=3 Model
- Coverage
- ] mgd
- ors_8
=12 nadiSensar
[ b2 Rectangular
e verticaHalidngle E7.8211 deg
[ [+ Propagator
o Apogesdltibude 500 kmn
o Perigeedlitude 500 km
=t Classical_Elements
[ b2 AlignmentAtE pach
----- e Semi_major_fsxis EATE14
----- e Eccentricity 7.28515e-016
----- e |nclingtion 97 4065
----- e RAAN 270
----- e Arg of_Penges 1]
----- e True_Anomaly 2.04752e-015
=4 Wectars Body_
=2 AngWelacity
----- ey -3.10607e-018
----- ey -0.06341
----- ez -4 88954e-018
=l 4 CoverageDefinition?
-t FigureOfiderit
= 2 Static_Satisfaction
Liew Percent_Satisfisd 100.0000000000...
- =] Round
----- . circularglitude 500 km

A0 6 20 HPDPD




Trade Studies

4 pPhoenix Integration MBSE Analyzer
File Edit View Tools Help

Design Exploration

Select a Subject to Analyze

B3 2-Structure
Earth

Endoatmosphere
GPS

Launch Environment
Mission Context

Mission Entaroriss
Region
Space Debris

- |HEEEEREEE

E] mission Enterprise
- MaxVerticalHalfAngle
PercentCoverage

= covarage

* Trade Studies and Design of Experiments
* Variable Automatically Tracked for Each Simulation Run
* Delta’s in Input/Outputs
* Comparison to Requirements

* 0.0000

— O X
Welcome Review Requirements Manage Constraint Blocks Manage Parts Catalog Manage Parametric Diagrams S Simulation
Analysis Case | <none> ' &= =
Trade Study  <none> % = ¥ @B
Property Units Original New Margin
A ||E- 4= Mission Enterprise
=- ‘& ScPhy
&4 orbit
| b= circAltitude km 1200.0 & 485.0
- = argument of periapsis 0 0
- B eCC 1.8067183452589e-015 .. 1.81788310637083e-015
- = inclination 97.3086897243934 97.3086897243934
0t - = right ascension of the ascending ¢ 0 0
- B SMA km 7578.13700000002 ¥ 6863.13700000002
- = true anomaly 0 0
£} 4 WxPayload
-+ horizontal cross sectionl km 2.0 2.0
-+ ifovl milliradian 1.51 1.51
-- = vertical half anglel o 47.8471210865642 4 68.5200878883778

Ref]
- In Demo Scenario, High Resolution Coverage Analysis Took Approx. 2 min per Run, Automation is Required.
: 30 Minutes to Sweep 15 Runs in the Trade Study.
However, it only takes 1 min to setup experiment, the rest is automatic...
018 Phoe eg 0 g Reserved. Proprietary and Confide




HOENIX

Demo — Orbital Trade Study Vide

W Cameo Systems Modeler 18.5 - SSPEDItmg_v3.5.1.mdzip [C:\Users\stephen.thomas\Documents\SSPEDI\] - x
File Edit View Layout Diagrams Options | T&olq Analyze Collaborate Window Help X
Dégv&@ﬂﬂvﬁv v%@_%vgaﬁeatemagram'
§ [EE Containment ( éﬁ] D‘ﬂgrﬁms‘ shnical Requirements T... Ik Notional Requirements Ta... | S RequirementsTrace I' ‘E5 Derived Mission Requlrem...} | RequirementsSatisfaction T % Mission Context [ o MaxVerticalHalfAngle | o PercentCoverage 1, PointingAccuracy X }1 » B
Cont; it 5 3 S 5 e 5 | = 3
e . B Pdh - e : QAR Qs v|i D -
[=Rge] o - Y
'} Relations ~ Sl
B[] Mission Analysis Models £ E'H fx
by i —
</ Relations Selection par [Block] Mission Enterprise [ PointingAccuracy |J ~
----- (& Spacecraft Orbit Analysis Results & | 5

(& Spacecraft Orbits in AGI STK model

-[o] Cost Effectiveness Analysis Model Tools& = - - . .
* Coverage & - Z T I|:i ScPhy: Spacecraft-Physical
@ coverageAnalysis D Commaon
= Geopositioning Error Analysis Model =4 Note - I -~ o -
-] getvertHalfangle . ! orbit : Circular Orbit )
[ HCS Analysis = St . cequals Ex*::““-‘l'A’ﬂ‘m
=L sma;: km [ rmalAnalysiss
] 1mage quality Analysis Model =5 Problem rwm : ReactionWheelModel
[ Lifecycle Cost Analysis IEQ Rationale * semimajorAxis &

Q Mission Analysis Models argOfPer

@ Mission Life Analysis Model

|
|
| [
|
~argument of periapsis «equals)
|
|
[

|

|

o |

& Element Group |
|

|

|

|

+# Containment > ﬂ & i
-—| quale eceentrici
EL orbit Analysis Model | - - - by maxiheelSpeedPercent
[ Prabability of Detection Analysis Mo {} Constraint M. L — | «equaly trusnomaly : . . . : :
E---ki‘ ReactionWheelModel - ‘ Bointing0 fsstequals R X
0 argofPer : Real [ Parametric Diagram : : - ‘ L ccis g pointingOffset
i ~right of the node ! B
E eccentricity : Real Constraint Property | : M CAnaton
E inclination : Real [l Moe - - maxWiheelSpeed

- wheelPartium

E raan : Real

E semimajorAxis : Real ?: Binding Connector . . : i
--Etruemama\y: Real [ zem Property e RS S U B
E wheelPartNum : enum_Reactior
E maxWheelSpeedPercent : Real
E pointingOffset : Real

-{} = w Part Property

< * [El Reference Property .«equalsr

% 7 zoom I Documentat\grﬁ” Properties Constraint Property

Properties LI [El Flow Property pmuumjbe, .«Equa\».

" Element ‘\'Symbo\ [‘Tags rTraceablhty T Allocations } Participant Property

|
| |
E max\WheelSpeed : Real | ~inclination [ sequals
E Constraint Paramater L | [
|
|

44]] Internal Block Diagram
Value Property (o

rw : Reaction Wheel

= B: =54 All b Bound Reference |l
=1 S el v
'(llame) Information Flows
(Description) "s° Conveyed Information
-5 Trem Flow .
Q Type here to filter properties -~ < >
Ready
) 2:30PM
Type here to search L f r o~ b gx T
O yp : i 1/3172018




PARSONS &2 PHOENIX
MBSE Analyzer - Results
* To Maintain the Sensor Resolutionand .
100% Coverage Requirements
* Single satellite Design

* Decreasing Altitude Maintained
Requirements

e Corollate to Min Satellite Orbital Lifespan

* Implicit Requirement is Reaction Wheel
Performance Required to Maintain Biasto
Keep Sensor Pointed to Nadir, whichisa
function of Satellite Altitude

Circular Altitude Sensor Angular FOV Percent Coverage




PARSONS

MBSE Analyzer - Results

* To Maintain the Sensor Resolution and 100% Coverage

Requirements

* 530 km and Higher Orbits do not Satisfy the 100 % Coverage Constraint

'f Phoenix Integration MBSE Analyzer

File Edit View Tools Help

Design Exploration

Select a Subject to Analyze

EET 2-Structure A~
H Earth

Endoatmosphere

GPS

Launch Environment

Mission Context

Region

Space Debris v

Parametric Diagrams  Selection Filter

Q Mission Enterprise
Max\erticalHalfAngle

PercentCoverage

Refresh Restore Defaults

Done.

- O X
Welcome Review Requirements Manage Constraint Blocks Manage Farts Catalog Manage Farametric Diagrams Evaluate Designs = Simulation
Analysis Case | <none> | || |-
Trade Study <none> ~| (4 (== [l B
Property Units Original New Margin
[E'4 Mission Enterprise
L} "3 SePhy
i [ orbit
= circAltitude km 1200.0 " 530.0
i =+ grgument of periapsis 0 0
il =1% 1.8067183452589e-015 ./ 2.74369044021018e-015
i =+ inclination 97.3086897243934 97.3086807243934
i =+ right ascension of the ascending ¢ 1} 1}
- =H sma km 7578.13700000002 4 6908.13700000003
i - true anomaly 1} 1}
-1 wxPayload
i~ = horizontal cross sectionl km 2.0 2.0
i ifovl milliradian 1.51 1.51
- yertical half anglel ° 47.8471210865642 f 66.412443063738
- S COVErAge 93.98 1. 99.98 x 0.020000
Design: | Save Save As Analysis:  Run Export
a

and Resolution Requirements

An Orbital Altitude Range of 480 — 520 Km will Satisfy the Orbital Life, Coverage,

00




PARSONS

Requirements

e Orbital Life is satisfactory

after 35385 orbits.
The lifetime is 6.3 years.

<;
E&O

Object Browser

]
Inf i X
Fle Edt View Insert Analysis Satelte Utities Window RT3 Help nformation
&-SB EW- 2 @
A @. IE. @ i /\f Krees ors-8 decay is estimated to be
=2 on 7 Apr 2024 08:39:58.100

MBSE Analyzer - Results

* To Maintain the Sensor Resolution and 100% Coverage

2

* 500 Km Orbit Satisfies the 100 % Coverage Constraint

HOENIX

TEGRATION

-
= Basic A
Orbit Propagator: |J2Perturbation v Central Body: Earth Initial State Tool
Attitude
Pass Break
Mass
Eclipse Bodies Interval] & ORS8_tmg Analysisinterval -
Reference
Ground Ellipses Step Size: |60 sec ®|
Description
512D Graphics OrbitEpoch:| & 14 Dec 201700:00:00.000 UTCG ~ | [Apogee Attitude +| [s00km ;-‘
Attributes CoordEpoch:| & 14Dec 2017000000000 UTCG ~| [Perigee Alitude < [500km ®
Time Events
Pass Coord Type: |Classical - ‘ Inclination |97.3087 deg = ‘
Contours o
= Coord System: | TrueOfDate ] Argumentof Perigee [0 deg 'ﬂ
x = =1 ]E3 o | [628545 deg @
Satellite Characteristics Solar Data | [0ceg ®]
Cd: (220000000 Solar Flux File: [SolFix_CSSl dat
Cr: |1.00000000 Solar Flux Sigma Level: [0 =l
DragArea: [1365m™2
Area Exposedto Sun: 1543 m"2 = Advanced. Compute Report...
T ) ke @
gas=i{1000 kg = Show Graphics Graph...
Atmospheric Density
Model: |Jacchia 1970 Lifetime |
Close Help

I

2D Graoh | @3D Graoh__| *ors-8:Ba_ 3¢ | ifatima f

Phoe eoratio A ': Rece ed
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[ ] [ ]
W Cameo Systems Modeler 18.5 - SSPEDItmg_v3.5.1.mdzip [C\Users\stephen.thomas\Documents\SSPEDI\] — X
File Edit View Layout Diagrams Options [ T(Egls | Analyze Collaborate Window Help x
heEe@-hhiRai-6 - -%@3%-;@Createmagrami
)//IEE Containment ’éﬁ] Diagrams ‘ :hnical Requirements T... | % Notional Requirements Ta... s RequirementsTrace“ % Derived Mission Requirem... I 5| RequirementsSatisfaction I 2 Mission Context ‘ B MaxVerticalHalfAngle | B PercentCoverage " B§ pointingAccuracy X :4 » B
Containment 2 8 x L L - . . qa® Qloee viD -
5% Q o - = .
¢7 Relations ~ £ -
El- 7] Mission Analysis Models H EIH H ﬁc
Y B
B/ Relations Selection par [Block] Mission Enterprise [ PointingAccuracy ] - &
| Spacecraft Orbit Analysis Results m o oem 5 & i g R
(=% Spacecraft Orbits in AGI STK model i
(- [Col Cost Effectiveness Analysis Model TOO[S& = i
-4 Coverage LFXITH ScPhy : 't Physical
B coverageAnalysis [ common
0B Geopositioning Error Analysis Model =Y Note [ P e
w2 getVertHalfangle e : orbit : Circular Orbit [ . T [
i#1-[2 Hes Analysis = e [ o EsiemalAnalyeies oo
m-E Image Quality Analysis Model ';3 Problem | [ rwm : ReactionWheelModel T
(- Lifecycle Cost Analysis Ezd Rationale | = oot | cequals * semimajorAxis & ‘
[E2 E Mission Analysis Models U > | | argQiPer i
-2 Mission Life Analysis Model gg Parametric Diagram | - [
-] orbit Analysis Model [l constraint Property o | joiak ¢ EcEoniiiiey maxWWhesiSpeedercent
0B Probability of Detection Analysis Mo M I@ | xequals © trusAnomaly . .
B eoctonvineeivodel = i ! | sy
fi E argOfPer : Real E Constraint Farameter | -
- E eccentricity : Real §,E Binding Connector | R i nade | ‘ inclination
i [ B
[ inclination : Real = . v | maxWheslSpeed
) N ||| = “inclination | sequaly i
_[] maxitvheelSpeed : Real %4]| Internal Block Diagram | ‘ N
I3 E raan : Real w2 Value Property ~ | ‘
< > |
) - CBlpartPropety &} | @ &@—_—
/‘/ : :Znom ‘ Documentatiop” Properties ‘ [Rl Reference Praperty
Bopeplics LS [€] Constraint Property
Element r Tags | Traceability ] A\Incat\ons} — 57 e TieaT
(& =% o Al - Information Flows o
= — d T Conveyed Information Speed I Ll
(Hame) ‘ %, Ttem
(Descrintion) s L EIUNE . o C )
— ek
Q Type here to filter properties ~ < 3
p ) Notification Window |
Notification Window =8 x|
X2T BB
4 com.phoenix_int.sysml.mbse.panels.execution.tasks.BuildAnalysisCaseTask.doWork (BuildAnalysisCaseTask.java:15) at com.phoenix_int.sysml.mbse.panels.execution.tasks.Task.run A
(Task.java:89) at java.lang. Thread.run (Thread.java:748) v
>

Ready
H O Type here to search
© 2018 Phoe egratio




4 PHOENIX
Requirements Verification

* 500 km Orbit
* Meets 100% Coverage within a 12 hr. Period
* Meets Sensor Resolution Requirements of 2 km
* Orbital Life Estimate is Greater than 6 Years

* Reaction Wheel Design #1
* Meets Wheel Saturation Percent Requirement <90%
* Meets Nadir Pointing Accuracy Requirement 0.25 deg




4 PHOENIX
Summary

DEMONSTRATED

* Collaboration Between the Team to Provide a Rapid
Capability to:
* Manage Complexity of Design of Satellites Through MBSE

e Perform quick turn Trade Studies to Optimize
Performance, Cost, Risk, or Schedule

* Early Identification of Disconnects Between the
Architecture and Requirements

* Automated Distributed Engineering Analysis
* Model Based Engineering
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