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The Problem

 The technological innovations are challenging the
practices of Systems Engineering to adapt
— MBSE
— Architectural Patterns

It takes too long ' for systems engineers and mission
develop a new system from scratch
ace-based systems derived from
ms architectures

partlcu
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The Purpose and Approach

 Academic coursework for teaching MBSE
using a space-based architectural patterns
library (the pattern language)

 The method - NASA pattern library
uate students
lopment of new space-based




Objective

 The objective Is to incorporate
“INCOSE Vision 2035 ” into
academia using Model-Based BRYEIChRPvkE
Architectural Patterns (MBAP)




Scope and Opportunity

« NASA — Marshall Space Center — Advanced
Concepts Office on MBSE

* Architectural Pattern Project — 2020
e An opportunity to develop and prove methodology
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Research Application

 Paper - incremental addition to existing work

 Extended novel application of a space-based
pattern library for
— Teaching MBSE and

teglural Patterns

odeling Language (SysML)

om

— In SE gradu

- Z'I. ..M

{
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Methods

Name

o Pattern library or

NASA Patterns Library

Date modified Type

1/11/2022 4:05 PM File folder

Size

— Top-level — Systems

— Second-level — Subsyustems

— Third-level - product,
onents

Name

Avionics Subsystem
ECLS Subsystem
Power Subsystem
Propulsion Subsystem
Robotic Subsystems
Structure Subsystem
Thermal Subsystem

Date modified

1/25/2022 12:50 PM
1/25/2022 12:50 PM
1/25/2022 12:50 PM
1/25/2022 12:50 PM
1/25/2022 12:50 PM
1/25/2022 12:50 PM
1/25/2022 12:50 PM

Type

File folder
File folder
File folder
File folder
File folder
File folder

File folder

Size

B~
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Methods

e Each pattern ha

— Small patterns i
the requiremeni
specific interfac

tionship

— 74 patter

bdd [Package] Power Subsystem| Power Subsystem ])

L

ubsystems

Power Subsystem

power Subsyst

3

Em

power Generation [0..1 1 3%
uhlocks whlocks
Power Generation Power Distribution (PMAD)

energy Storage |01

NASA Technelogy Roadmaps TA 3: Space Power and Energy Storage
SmaliSat Power TOC (nasa.qov)

NASA Decomposition Library

Created by Bhushan Lohar

bri202 1@ jaemail southalabama edu

Mentored and reviewed by Robert Cloutier Ph.D.
reloutier@southalabama.edu

University of South Alabama_ Sy=stems Enpineering

ablocks
Energy Storage

»
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Proof of Concept (PoC)

bdd [Package] Power Generation [ Power Generation }‘J

 Any colle
NASA Decomposition Library 1 Power Generation

Created On: 081 42021 references
Created By: Bhushan Lohar power Subsystem
Last Updated On: 09/02/2021 -

Last Updated By: Bhushan Lohar }
Review By: Cloutier, ACO | power Generation |1
LGRS AR U

= dynamic Energy Conversion (0.1 heat Source (0.1 photoveltiac |0..1  static Energy Conversion (0.1 solar Thermal power | g 4 new Technology On The Herizen (0.1
o W I t h t h O L blocks ablocks ablocks blocks ablocks «blocks
Dynamic Energy Conversion Heat Source Photovoltiac Static Energy Conversion Solar Thermal power New Technology On The Horizon
NASA Decomposition Library Thermophotovokaic (TPY) Battery Lt
Created by: Bhmshan Lohar
1203 @iarmail southalsbama edo Power - Glenn Research Center | NASA
MEntored and reviewed by: Robert Cloutier Ph.D. Energy for Space; Department of Energy’s Strategy to Advance American Space Leadership [ N
reloutier@southalabama edu Alpha- and Beta-\oltaics T
VAT = e iy e Power Systems | Power and Thermal Systems - NASA RPS: Radioisotope Power Systems

University of South Alabama, Systems Engineering

architecC

rovers, and ga .
!6"2 . . WWW, /symp2024 #INCOSEIS 9




Application to Academia

e The SE Vision 2035 defines

— “by 2035, the SE practices will be based on a set of
theoretical foundations and other general principles that
are continuously taught as part of a Systems Engineering
curriculum”

ed graduate -level SE course using the
systems architectural pattern library
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Curriculum

« Mission objectives and requirements

o Stakeholders and needs

o Key space SE concepts, systems thinking
 Modeling and Simulations

nd ground systems and subsystems for
erest (Sol)

logical architecture
ent allocations

Patterns spe

Eevel ment an

l LT
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Outcomes

 The teaching methods and outcomes produced

— In line with the INCOSE Future of Systems
Engineering (FUSE ) program’s mission and streams.

e Student 4 (summer 2023)

lcal architecture for AMAL began to take shape
n library, it became clear that the original
had in mind would no longer work™.

propulsion sy

t

AL - Asteroid Mineral Analysis

X DS
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Logical Architecture — Space truck

bdd [Packags] 5 Systsm Logical Architscture [ SpaceTruck_Level 11 |

wsystems
SpaceTruck

Values
111 = 0.0 kg & mass,unit = kilogram}
Aotallass gram] = 1940 kg {redefines totalMass unit = kilogram}
powier - power{wat{'l 11l=0.0W {redefines power,unit = watty

unit 5
D100 . power{wat] [watl] = 0.0 W fredefines On,unit = watt)
Off - power{wsatf] = 0.0 W {redefines 0T unk - watt) prver—
c unit= watt
totalPowarConsumediyH ; wattdour =defines oiaio erConsumedViH] LGS Syatemn
wbincks I ] =
t‘h Control oy pos - Control subPower
System Control ConsumedWH : Extravehicular Activity System In 1](sunsats subFower}
e : Radiation {01 fisubseis subPovwer}
Command Output
Telemetry Data Input alues
stk mass | masslogram] [1]= 10.0 Ly ireﬁ:ﬁre; mass unit = kKiogram
0.0k it = ki
— powver : power| Yy i power,unit = watt)
¢ totalPawer,unit = watt}

w : o Twaltlrede fines totalPowerConsumed, unt
gl { totalPowert IH}
{subsets subP ower}
asystems oniimtssubi ans) l{suhsem subPower}
= usubsyst
Avionics Subsystem = SYS e’:’; ssystemy
’ parts 2 Propulsion System
: Data Processing System [0..1](subsets subPower} 7 e parts
: Guidance System [0..1Hsubssis subPower] :M 5‘“92 [1..7Hsubsets subPower} - In-Space Propulsion System [1_*}{subsais sutPower}
:Mwlgatn’( System [0..1}{subsets subPower) , tion 1. “Hsubsels subPower)
 Control System [0 ‘I}’.subsa(s SubPower} Powe.r Dmbm:t (PMAD) [1. *Hsubsets subPower) valies
: 0.1 P 3 e mass - massikiogramj {1] = 35.0 ko {red=fines mass unt = kioorant
* Electronic and Ci e rstem 0. THSUbS ot } mass[kiogram Itotaldass | massfkiogram] = 121.0 kg (redefines totalMass unit = kiogram)
lic Sy I ¥ mass - TI= Bg kg -!retleflnes mass.unit = k“uganT:Jnuram i pnwer[wan] T-oow {redoiines power,uni
T
mass : messikiogram] [1] = 10.0 ks ‘redeﬂnes mass, snit= kiogram} power - p"“’e’{wa‘ﬂ [A=10 W "Eﬂer”e‘ S ot ity On - powerlwattl = 0.0 VW {redefines o
= 10.0 kg {redef unit = kilogram) i " R Off  powerwat] = 0.0 W fradefines OFf unit = wat)
power - pnweriwam HI=0.0W {reﬁefnes poOWer, unit = Wty e %%‘,’f\, {reﬂerng m'f Lol Jredefines totalPowerConsumed, uni =
3 e total : verl — 0.0 W fre = eyl totalPowerConsumedivH - wattHourrede fines totslFowarCons smedyiH)
8’,‘{.“ " ﬁ%{; = D unit = ventt] PO G SMEATE - WAty = 0 0lrctarines miaPewer onsumem ]
totaiPowerC unik = vratt)
totalPowerConsumedWH - wattHour|rede fines totalPow erConsumediiy
l{s“bse"g sibHowes) fsubsets subPower} l{suhsets subPower}
usystems = S
el asystems «subsystems
o h;w e Structure Subsystem Thermal Management Subsystem
: Sensing and ption ihsets st \ 1 parts part:
'."mg[,‘ ']{g?:bc:a(s su{;ﬁ;]jf;] SHRPo et : Materizls 11 "Hsubsets subPower) : Passive Thermal Control [0. 1|{subse.s =uDFr.|werJ
.. b 3 i Structures 1 _Fsubsets subPower) Thermal Control 10.
s Humnnhut System Interaction [1}subsais subPower] : 2 ! o sts 3 1 : Thermal Protection Compnnems' [0.1}{subsets su DPo wWer}
: System [} +5 subPower] : Mai ing [ o Rkt oo
- Robotic Integr | B : § = mass - mﬁ.ssIklbgmm] ni= ZD kg {redefines mass,unit = kilogramy
e T values 0 kg {7 totallass unit = kiogramy
T i w5 Mass : m D ] [1] = 3.0°kg {red=fines mass,.unt = kiogram} power : power[watt] [11 = nu W fredafines power,unit= watt}
nes = =5 D "9 f;' b D ":'ﬁ"fr{',‘lngmm) ftotalMass - mass{kiogram] = 3.0 ko {redefines totaillass, unit = kiooram} AotalPower : power{wattliradefines ttalPower unt = watt}
wath power - ;mwer[watt‘j [11=10.0 W {redefines power,unit = watt} On:: powerlwatifiredefines On,unit = w
power Mwatﬂ Hi-o u w‘:reaet'nes = ”er,luf'tﬁ E&.‘an, : pow totaiPoveer,unit = wat} Off | powerwatt{redefines Off,unk = watt)
= erfwattirecefines On,unt A Q0 ; powerfwatt) = 0.0 W {redefives On,unil = \att} totalPowverConsumed : pnweqwan]{redennzs totalPowerConsumed,unit
fo pnwer{waﬂ]{re{!efnas fo unit = watt} Off: pnwer[waﬁ] DOW {redefines Off unit = watt} 1 weatth i totalPowerC 1
totalPow: totalPowerConsumed,unit = watt)
totaiPowerConsumed ! power{watfl{redefines totaiPowerConsumed, unit = watt}
MW&W‘?‘D \fsttHutEr‘c’redefnes totalPowerConsumsdVH) !mwemmnedwl-l wattHDu'r 0.0{redefines tetalPowsrConsumedvyi
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Orion — System and Mass Roll-up Patterns

Containment 2 & x
B BwQ o -

" +7 Relations
3 (2] NASA Pattern Library

Sy ‘

" [ Avionics Subsystem(D)  Criteria , '

B~ [J ECLS System(D) Classifier:  MassRollUpPattern(kg) .. Scope (optional): MassRollUpPattern (kg)

"F__] Power Subsystem(D) :

" [ Propulsion Subsystem # A Name mass : masskilogram] ‘ totalMass : mass(kilogram]

g Efb:t“c SBS’S‘S”‘SED) o | B Soion 0kg 132658.6506 kg

Ea ructure Subsystem | R L. |

& B Thermal Subsystem(D) 2 = orion .avionics Subsystem 1723.651 kg l1723.651 kg
- [ OrionSpaceCraft 3 = orion .ecls system 9344.0028 kg {9344.0028 kg

" [ 0. ConceptOfOperation 4 = orion _.propulsion System 14016.0042 k_g 1_14016.0042 k_g

" E 01. Stakeholders 5 = orion .robotic Systems 360 kg ‘360 kg

- [] 02. SystemDomain : P : ' =

e r——— 6 = orion structure Subsystem 159349926 kg 15934.9926 kg

B+ [ 04. UseCase/Activity Diagra = orion .thermal Management Subsystem }1280 kg 11280 kg

" (] 07. Parametics

" [ 08. LogicalArchitecture
B3~ [ 09. PhysicalArchitecture
" [ MassRollUpPattern (kg)
B~ [ Simulation
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Conclusion - Analytics - Time Saving

o All students used the majority of top-level patterns, with a

minimum of four top-level patterns for Cygwin spacecraft

student 3) AN all seven for AMAL sweent 4 @and Orion spacecratft
(Student 2)

 Most common four top-level patterns

— Power, Structure, Propulsion, and Avionics systems.

S were used in a complete or partial form

common among all spacecraft

Control, Power Generation, Power Storage,

In-space Propuls unications Systems, etc.
!l (R
) [

— Guidance,
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Conclusion

e Qur SE students should be learning techniques that will
help them in the future , not practices that are being retired

 One example of applying research to graduate curricula

e Authors agree with the list of the implications for education
and lifelong learning by 2035 described in the INCOSE
Vision 2035

a certainly offers an educational, training,
: -long learning pipeline to empower
more system ' s with strong multi- and

trangell ciplinary competel
.
=

. ..ﬂ”!‘”‘#’ *
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Conclusion - Applications

 The University of South
Alabama — “JagSat | ”

e “JagSat II” & “SolarSailSat
I”’missions using patterns

to “JagSat I” -
ure and

requwements

ek
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Conclusion — Most Viable Products (MVP)

o Pattern library in various domains @y authon

— Fire Protection Systems

— Home Security Systems (Z-Wave)

— Sustainable Aviation Fuels Ecosystem (SAF)
eries — Repurpose decision-making
ch — Pattern recognition




Conclusion and Summary

 Teaching Systems Engineering - data

e Speed up architecture development

 Most viable logical architecture

 Advanced MBSE

mg.and Simulations teaching
wulations and MVP decisions
Ision 2035

Al/
INCOSE FuS
hfh.lm
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Questions
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