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i . .
Disaggregation of space Ms capabillity increases the

resiliency and flexibili space missions.
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High-speed inter-satellite communication (ISC) links enable flexible architectural options.
|ISC-enabled low cost SmallSats make good candidates for such missions.

Two mission configurations are proposed.

MODS ConfigurationAlpha

e

www.incose.org/symp2022




Can a common set of architectural decisions drive the
development of every aspect of the MODS?

How do we guide and constrain ISC architecture solutions in a manner consistent with other

subsystem architecture solutions?
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Can a common set of architectural decisions drive the f'.\.
development of every aspect of the MODS? Wy

= How do we guide and constrain ISC architecture solutions in a manner consistent with other
subsystem architecture solutions?
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Can a common set of architectural decisions drive the

development of every aspect of the MODS?

= We architect for success using a standardized reusable pattern
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Architectural Pattern
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Our goal is a viable and resilient multi-orbit disaggregated @1\
system for space missions
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Our goal is a viable and resilient multi-orbit disaggregated
system for space missions.

«block»

Small Satellite System

icroSat
1
2

1.2 *

«block»

Payload

-

{Incomplete}

«Payload»
Scientific instrument

«block»
Multi-Orbit Disaggregated System

o

1

«subsystem»

Atitude Determination &

Control

«Payload»
Military Payload

¥

|

|

«subsystem»
Thermal

«subsystem»

Handler

Command & Data

A 2

«Payload»
avigation Technology

«subsystem»
Electrical Power

«subsystem»
Communication

«Payload»

Meteorological
Instrument

!

A 2

«subsystem»
Mechanical Structure

:|

I

A 4
«subsystem» «subsystem» «subsystem»
Inter-Satellite Satellite to Ground Propulsion
c icati
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=
Our goal is a viable and resilient multi-orbit disaggregated l“-,,”.,
system for space missions

MODS
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An architectural framework (AF) pattern approach provides the — {Z=Ssu
. . : . ‘g&l b
structure and guidance to capture vital architectural decisions. Yy

«ontology»
Subsystem Ontology

subOntolog

«ontology»
MODS Ontology

modsOntolog

«Architectural Framework»
MODS Architectural Framework

«stakeholder concern»
MODS AF Concern

MODS Stakeholder

Create an exemplar
architecture to
validate the AF.

«viewpoint»

T 9

subsystemAF J1.."

«Architectural Framework»
Subsystem Architectural Framework

—> MODS AF viewpoint

i < «has a» N «stakeholder concern»
>

«stakeholder» Subsystem AF Concern
Subsystem Stakeholder

«perspective»

«viewpoint» Subsystem Perspective
~+~ Subsystem AF Viewpoint
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bdd [Package] MODS_Architecture Framework[ MODS_Frameworks ]

«ontology element»

MODS Architecture Framework

{incomplete, disjoint}

yay

I

«ontology element»

Framework

ISC Subsystem Architecture

|

A

{incomplete Overlapping}

|

«ontology element»

C&DH Subsystem
Architecture Framework

«ontology element»

CubeSat Architecture
Framework

«ontology element»

Propulsion Subsystem
Architecture Framework

«ontology element»

MicroSat Architecture
Framework
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ARCHITECTU
FRAMEWORH
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= Why model another
architectural framework?
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ISO 42010 is the basis for all graphical modeling Ianguages%

&4
is part of
Environment Context
determines
. circumstances for
= |SO/IEC/IEEE 42010:2011 situated in
addresses the creation, analysis ;Dmmem Gmmmr@/
. . Description
and sustainment of architectures of "'p )"
systems through the wuse of S SN
architecture descriptions. hasan
l ArchitWholder
= The viewpoint is an information item o WL

that establishes the conventions for h

creating, interpreting, presenting th.tjm Cc s.akehower]
. . Aspect mwediw

and analyzing the view to address = i
the considerations framed by that kind of thdt AT
viewpoint.

/kConsiderationJ

= Aview is governed by its viewpoint addressed by
frames
(mecture governs [ Architecture
View Viewpoint

is
contained in
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All views of the MODS-AF and subsystem AFs will conform R
to one of these five viewpoints. W

= Each AF viewpoint describes the structure needed to define views of the AF

dd [Package] ISC_AF Perspective[ MODS-AF ]

«MODS-AF Viewpoint» is derived from «MODS-AF Viewpoint»
Context Viewpoint Viewpoint Relationship
AN
A
is derived from
constrains _ _ _
«MODS-AF Viewpoint» defines viewpoints
Ontology using elements from|

defines relationship from
constrains )I

«MODS-AF Viewpoint» “
Viewpoint Definition

constrains T

«MODS-AF Viewpoint»
Rules Definition

constrains

Holt, J. and Perry, S. (2014) SysML for systems engineering, 2nd Edition: A model-based approach, vol. 10, chapter 11. IET
é www.incose.org/symp2022 15




|dentifying stakeholders of the MODS-AF is a crucial step f\

7

towards ensuring the right AF is built, and built right!. ‘&'-',}/

ackage MODS_Architecture Framework [ MODS_AF Stakeholders ])

X

«stakeholder»
MODS Architectural Framework Stakeholder

%5 %s %s %s %s

«stakeholder»

i «stakeholder» «stakeholder» «stakeholder» «stakeholder»
PDS Domain Expert Space Mission Systems Engineer Security SME MODS AF Architect
Xs S X X
«stakeholder» «stakeholder» «stakeholder» «stakeholder»
SOASME MOSA Architect Sponsor/Customer Standards

% % %s
e S «stakeholder»

% «stakeholder» «stakeholder» ISC AF Architect
S Requirements Engineer SE Modeler

X X

«stakeholder» «stakeholder» «stakeholder»

SE Manager

‘ www.incose.org/symp2022 16
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Stakeholder concerns represent the needs the AF must @
address and form the basis for its existence. S

{Incomplete}
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A conceptual ontology is developed to standardize

relevant concepts.

dd [Package] MODS_Architecture Framew ork [ MODS_A

«ontology element»

constrains

-
]

MODS Rule

«ontology element»

MODS Ontology

uses elements from

1

1

«ontology element»

Ontology Element

corresponds

Ly
\}
«ontology element» «ontology element»
MODS Pattern MODS Profile
«ontology element» = I :
MODS Architecture < «I?IIn(; Sg ;nem;n I»
Framework oge
- - 1
«v1ewpolnt» ) conforms to |«ontology element»
1.7 MODS AF Vlewpomt g - MODS View
I :
4
«ontology element» visualizes «ontology element»
7~ IMODS Viewpoint Element 1.~ [MODS View Element
18
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MODS Concepts
Categories

0 AF Concept

e Requirements Concept

9 System Concept

9 Security Concept
o Traceability Concept

e Services Concept

www.incose.org/symp2022
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bdd [Package] MODS_Architecture Framework[ MODS_Frameworks ]

«ontology element»

MODS Architecture Framework

{incomplete, disjoint}

yay

I

«ontology element»

Framework

ISC Subsystem Architecture

|

A

{incomplete Overlapping}

|

«ontology element»

C&DH Subsystem
Architecture Framework

«ontology element»

CubeSat Architecture
Framework

«ontology element»

Propulsion Subsystem
Architecture Framework

«ontology element»

MicroSat Architecture
Framework




«Architectural Framework»

«Architectural Framework» subsystemAF X
MODS Architectural Framework

Subsystem Architectural Framework | 1..*

i S _—"«stakeholder concern» o
«ontology» e ISC AF Stakeholder Concern
ISC Subsystem Ontology ISC System Stakeholder

iscOntology/\

«identifies» «represents need for»

«Architectural Framework»
ISC Architectural Framework

«viewpoint» A7) «perspective»

77 ISC Subsytem Viewpoint WG ISCSubsystem Perspective
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Comply with 42010
ISO Standard
«ISC_AF concem»
Support Modeling ISC
Architectures Based
on the OSI| Framew ork
Standards
nstrain
«ISC_AF concem» nstrain
Comply with RASDS
Standards .
~ _«constrain» \
«ISC_AF concem»
Provide Guidelines to
Decribe ISC Architectures
nstrain
«ISC_AF concem»
Be Suitable for Multiple
Applications

Space Mission

Requirements Engineer

Sponsor/Customer

SE Modeler

/
«include» ~
7

ISC Systems Engneer

concem»

ISC Domain Expert

VLC Engineer

ISC System View points

Define an Architectural Framework for
Modeling ISC Architectures

«ISC_AF concem»
Support Conceptual
Functional/Logical and

«ISC_AF concem»
Support Identification of ISC
System Security View points

www.incose.org/symp2022

Technology Level
Descriptions of the ISC
System

«ISC_AF concem»
Support Identification of
ISC Services Viewpoints

Services SME

The ISC-AF specializes the MODS-AF and specific ISC-
AF stakeholder concerns are captured.

)

s

i
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The ISC-AF specializes the MODS-AF and specific ISC- sz
4

AF stakeholder concerns are captured.




The ISC-AF specializes the MODS-AF and specific
ISC-AF stakeholder concerns are captured.

-;ISC_AF conc-m»\"' N Requirements Engineer
( Comply with 42010
ISO Standard

y — —_

«ISC_AF concem»
\ /' Support Modeling ISC

\ \ Architectures Based
on the OSI Framew ork

Sponsor/Customer

Support Identification of ISC
Requirement View points

e «ISC_AF concem» N\
Standards \
\ \ «constrain» )
\
e \ ! 4
" «SC_AFconcem» N | «constrain» \
Comply with RASDS S / 'cinclude»
Standards < ! SE Modeler !
~ _«constrain» W \‘i ||
P e T T \
//’ «ISC_AF concem» e SR A
( Provide Guidelines to cinclude» —— N
Decribe ISC Architectures T e i i e » & «ISC_AF concem»
- Define an Architectural Framework for
«constrain» ~ 7 Modeling ISC Architectures

-
-
-
i —

“ «ISC_AF concem»

N

MODS AF

«include» _ _

N SR

«ISC_AF concem»
{ Support Identification of
ISC System View points

Y, «ISC_AF concem»
| Support Identification of ISC
" System Security View points

Space Mission ISC Domain Expert

VLC Engineer
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( itable for Mul . @
Be S“A Ihi aﬁ::nsm «include: vl “ includ N
7 \ > ~
4
ISC Systems Engneer )’ “
e A

»._System Tracebility View points

ISC_AF Architect

«ISC_AF concem»
Support Identification of ISC

/// «ISC_AF concem»
= > Support Conceptual
“ Functional/Logical and
Technology Level
Descriptions of the ISC

/ «ISC_AF concem»
Support Identification of
ISC Services Viewpoints

Services SME

)
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MODS Concept
Categories

e Security Concept
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he ISC-AF ontology and perspective are grouped into R
flve concept areas. ‘

ISC-
Architectural
Framework

Stakeholder
Concerns
| - . - . - - ‘

I 1
Requirement Requirement System System Services Services ngzfi: Scézg?i;y Traceability
Ontology Perspective Ontology perspective Ontology Perspective oMol 93; Perspective Patterns

www.incose.org/symp2022 26
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ISC-AF Requirement Ontology & Perspective

ISC-AF Requirement Concept



The requirement concept frames the viewpoints and M@

concepts relevant to specifying ISC requirements. &

e terms and concepts needed to create the ISC'system (_
equirement views are gotten from the RODV g

ISC-AF Requirement
Ontology o

Ontology Definition View

(Incomploto)\ = S
-

resulting view iIs required to adequately specify ISC
bsystem requirements and related artifacts

Copoenr
! cad 100
o rﬂ/"
n
o

ISC-AF Requirement
Perspective

{Incomplete} l\

ISC-AF Requirement
Persp

www.incose.org/symp2022 28




‘\ [} ﬂy

ISC-AF System Ontology & Perspective

ISC-AF System Concept



The system concept frames the viewpoints and concepts ®
relevant to specifying the ISC system. v

oncepts captured in this view form the basis for the
existence of the ISC-AF

ISC-AF System
Ontology

ese viewpoints enable the creation of VIEws necessary 10l
i A e W
ompletely specify the ISC subsystem

-" ISC-AF System
Perspective

www.incose.org/symp2022 30



‘\ [} ﬂy

ISC-AF Service-Orientation Ontology & Perspective

ISC-AF Service-Orientation Concept



The service-oriented concept frames the viewpoints and ®
concepts relevant to specifying services for the ISC system. ™~ #*

ice orientation concepts defined in this ontology view !?-1 >
e key to developing a flexible ISC subsystem '

ISC-AF Service
Orientation Ontology

se viewpoints help
ervices to deliver sys

define views concerned wi ZING ‘teas =
tem agility

-Il ISC-AF Service
Orientation Perspective

www.incose.org/symp2022 32
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ISC-AF Information Security Ontology & Perspective

ISC-AF Information Security Concept



The information security concept frames the concepts and @
viewpoints relevant to safeguarding information. Wiy

ISC-AF System ‘
Ontology "

ese viewpoints capture the security capabilities of the e
i it o L
system required to establish trustworthiness

-" ISC-AF System

Perspective

www.incose.org/symp2022 34
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ISC-AF Traceability Concept Viewpoint

ISC-AF Traceability Concept



Traceability views are fundamental to a model-based
approach to systems engineering.

ese viewpoints provide insightful views and visualization
the overall architecture.

[~ 1

Traceability Perspective

Identifies e 1
b Traceabiiy Idestification
J e J Viewpoint

Identifies slements and relstonships saed on

-AF Traceability |
Perspective "'""5;.3.'1""""‘"

] shows vaceability wee |
from

b ooty viwpeor e it |

I’l

l

| e
——— T Services Tracebility
Systom Traceability Cybersacurny Tracesbility
Viewpount Viewpount Visopein J

ISC-AF Traceability
Viewpoint and View

www.INcose o1g/symp2022

An example of a tabular traceability view which shows
the relationships between ISC-AF elements.

fewsort
) Suppon Mertlication of ISC System Vewponts

s Based cn the CS1 Framenort
o3ical s Techaciogy Lavel Deacrptizns
ok for Modedrg I5C Archiectsres

) Suppont ientficaton of ISC System Tracedity Vieapaints

www.Incose org/symp2022
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«Architectural Framework»

«Architectural Framework» subsystemAF X
MODS Architectural Framework

Subsystem Architectural Framework | 1..*

A

%S S «stakeholder concern»
«ontology» i o N ISC AF Stakeholder Concern
ISC Subsystem Ontology ISC System Stakeholder

iscOntoIog)/\

«identifies» «represents need for»

«Architectural Framework»
ISC Architectural Framework

7 «perspective»

«viewpoint» .
-— > . . — o
77 ISC Subsytem Viewpoint 3 ISCSubsystem Perspective
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d [Block] ISC_High Level Context[ ISC_HighLevel IBD ] J
«system of interest»
: Inter-Satellite Communication Domain
th
«subsystem» data «subsystem»
cubesat_1 : Satellite Communication System -] SC Lk [«s] cubesat_2 : Satellite Communication System
T : in
1 data =
0 ™ T  1SC Link T ] H
: ibComm_Interface . ~ibComm_Interface - ibComra_Interface
) . - ISC Link
data signal_1 - ISC Link
«subsystem»
=+ Microsat : Satellite Communication System [+~ command data_2
- ibComm_Interface ~ - ibComm_lInterface
command data_1 T . data signal_2
iDSN_1
command data Data
iMsat iMSat_2




A lightweight domain specific language profile is created to |,

provide better semantics for capturing relevant concepts

Create an exemplar
architecture to
validate the AF.

e ——
Profile Diagram sfs!arrﬁome[ﬁ Y

«stereotypes
constraint
[Constraint]

ISC System DSL Profile

astereotype» | | «enumeration»
Block sou
[Cass] Data
Classifier Behavior = Segment
Package = [)Blocks ::::‘
+isEncapsulated : Boolean [0..1] D
‘[‘ T T T T T T «enumeration»
«stereotyper p Dot
model model LED comm layer protocol Osl layer channel Segment
[Class) [Cass) [Cass] [Class] [Cass] Packet
+name : String +LEDType ypel ype -LayerName : LayerTypeName | | +TypeName : LinkType D
+brand : String +ModulationMtd +Color z
+ength Real +Name +Shape «stereotype» «enumeration» :f.::;vn::
-mqgm : Real +Siz¢ Payload State Type lonsl
+w idth : Real «Metaclass»
+Temperature : °C Action [Cass] e BNea
+TransmitterType ] [ Standy type
+Pow erRating - W ;| |Saretiode
+ReceiverType : String ;
+FreqBandCount : BandCount T fig ¥ Receiving
+FreqBandType : BandType yp
action 5
receiver action transmitter action | transponder action > «enumeration» i,
astereotyper {Action) [Action] {Action] [Action, Gass) ProtocolType L i
domain data concept sttt attnbutes +PDUType - FOU PL Protocol atireutes
(Class] state er : Real : Real +SDUType : SDU DLL Protocol +type - nformationKind
[Class, State] P ge : Real = %Nﬁno}ocold
otoc
subsystem | eType- SiateT, i estereatypes
Metaclass» (Cass] L) bind BandType Senumeration» external system Cebeiing
[Package | «Metaclass» | 1 «Metaclass» | HF LayerTypeName oes3) | (Cass)
X-Band Physical La v
«stereotyper ’ VLoBand (s Layy: sprotocollype - protocokind
package — T Netw ork Layer
[Package] ssterectype» «stereotype»
l = Package transmit signal action accept event action BandCount «enumeration»
[Fackage] ) v ) single LinkType L
astereotype» L Dual ISL fong | [subsystemina|  [SSoimciote | | conumeratons
Domain Specific Profile «stereotype» +pow erConsumed : Real +spectralRange : Real Hybrid Proximity Link i | [transmiter ]
[Package] profile +spectralBandw idth : Real +receiverPow er : Real Deep Space Link 4 recever ’vee" E&Q}OFWW
T [Packege] ' hte Sorhrz
«stereotype»
sorlwaAreﬁrunctlon Model Library
lacton] [Package]

«stereatypes |

ff a
iagram AFProfie | AFProfile |
«Metaclass»
Package

[Constraint]

«stereotypes
Ppower constraint

NEs
v

MODS - AF Profile

«stereotypen
MOD_AF concern
[UseCase]

«stereotyper
ISC_AF concern
[UseCase]

«stereotypen
stakeholder concern
[UseCase]

[Class)

«stereotyper
perspective
[Class, Package]
«stereotyper [=]
Block
(Cass]
atntutes
+isEncapsulated : Boolean [0.1]
«stereotyper «stereotyper
1SC_AF view point MODS AF view point
(Cass] [Ciass)
«stereotype»
View point
[Class]
atitutes
ontology +stakeholder : Stakeholder [']

+purpose : String

«Metaclass»
Asso

«stereotyper astereotyper

constrain has a
0x i
| <
astereotyper
need for

[Association, Dependency] |

5 stereotypen

+concernList : Comment [']
+language : String [']
+imethod : Behavior [']
+presentation : String [']
+iconcern : String [']

view point
® [Class]

«stereotyper
identifies

www.incose.org/symp2022
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ISC system views created to conform to ISC system behavior
viewpoints.

O

R I

«external system» «subsystem» biocks I «subsystem»
l: Command & Data Handler | cubesat 1 : Satellite ] cubesat_2 : Satellite -
: ication System ! Communication System
) é E‘_smm(l ; E «external system» «subsystem» «block» [ «subsystem»
e :| : : ommand & Data Handler cubesat_1: Satellite :1SC Link cubesat_2: Satellite
H 2: confirmLosi) ; ' i y Communication System H Communication System
E | 3: nializing() E E E H E :
: H : : ref
é ; = M s readsigral) Line of Sight Interaction Scenario
: i : ‘ '*'
: o —— o St : H 1: performDataRelay/() J H H
' | 7: processsignal() . H H L] H :
. ; : : g AT : o
1] H » H e : i b H H
Receive Data” State Machine - , ; m——t ; : ;
| s i i 5
. ] 3: sendSyncSignal() = : H
: s 1
! H 4: syncSignal() =g
ate Machine] Receive_Da ateMachine[ Receive_Da ateMachine : : . P SvakdaReEsT
Operating E E E ! 6: synchronize()
do / Receiving_Operation - '< - roia_dy .
detecting R DL_Decapsulating : ._8: wransformDatal) .
data_available do / decodeOpitcalSignal forward_frame / forwarding_ | do / performFrameDecapsulation : :
Receiving data signel
: loo) H S s
NL_Decapsulating check_error - : e 9: transnjitData() -
ol c_heckDestA T no_error [error==false] / forwarding Y : [while Data A 4 T > 10: rdceiveData()
packet_error [error==true] : : ITh nnsm‘; complets .
dest_address ) = : : " i _ _ _ _ _ _ tzDauComplee i
complete - ’[ forward_packet / forwarding Correcting_Error < o ( H
O € do / performErrorCorrection -——— r m—m—————— - - _——— - - - - - - + m e, e e — - - - T s o
- eceiving] | 14: getSyncSignal() - H E
S D dest/_ laddress [address==false] N e
For anintermediate P Scoments
node the packet goes 7 | —|Data segment is forwarded
through the process of | 7 dest_address [address==true] to the transport layer. . .
data encapsulation ISC System Scenario View
and is forwarded. ‘
Create an exemplar

=i www.incose.org/symp2022 40
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|ISC services views created to conform to ISC service-

oriented viewpoints.

Presentation Controller Orchestrator Service View

- = = e e e e e e e = - - - - - e o e e e e e

«orchestrator senvice» |

: Presentation Controller
| P tation Controll
| iPresentationFlowResp iPresentationControllerRegst |
| «Sm» ) iPresentationControllefReqst
| : Composite view |
| [ (——
iP tationFlowRggst . :
| IPresentationFlowRpaqs iPresentationControllerResp
| iCompositeViewResp iCompositeViewRegst
|
| L]
| iCompositeViewReqgst iCompositeViewResp | \(\
| iPresentationFlowRegst iPresdntationControllerRegst iPresentationControllerResp
l P - e - — emm e e ey '
«core service» 1 .

| - Presentation Flow Manager ilntegrationControllerResp
| e e |
| S iPresentationControllerR
|
e e e e e e e e e e e e = e = B e e B e = = B = =2 i ntegration ControllerReqst

1 Core Service
e www.incose.org/symp2022

validate the AF.

g

PresentationControllerReqgst O

operations
VerifyServicePolicy Regst()
ComposeRenderedView Regst()
OrchestrateView RenderingReqgst()
DecomposeRenderedView Regst()
Forw ardView Regst()
RetrieveDataReqst()

T

iPresentationControllerResp (@)

operations
+VerifyServicePolicyResp()
+ComposeRenderedView Resp()
+OrchestrateView RenderingResp()
+DecomposeRenderedView Resp()
+Forw ardView Resp()
+RetrieveDataResp()

7

«use»
|

«servicelnterface»
PresentationController IF

Service Interface View

41
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ISC system views created to conform to ISC analysis
and link performance viewpoint.

1o [
g "
Ll
Mo new
DWOTTaCeen Mew &
-
.
'] TedfvearCoe® Ruai
-
 Mow
-
Greate an exemplar
architecture to
validate the AF.

v

SNR Analysis View

Id = "LR-17"

Text = "The SNR at the
receiver shall be Greater
than OR Equal to 20 8"

k Performance Analysis

«block»

space

«external environment»

eived Signal

constraints
Pow er

channel

VLC_Transmitter

Channel

Space Environment

«external environment»
Sun
values

sur

values
E_det : Wim2{unit = w atts/meter*2)
Pbg : mW(unit = millw atts}

values
Open in : Real = 10.0
LinkDistance : Real = 500.0

VLC_Receiver

MaxBitStream : Integer = 3
Pow erTx : Real = 1.0

o

«sub_system»

model»

VLC Receiver

values
SNR : Real

MaxBitStream : hteger = 3
ResposivityPd : Real = 0.51
NoiseThermal : Real
IrradianceRx : Real
Refractiveindex : Real = 1.5
NoiseShot : Real

APd : Real = 7.84E-4
TransConductance : Real = 0.03
TotallnputNoiseVariance : Real

: Real = 6.564818E-7
R 6.560798E:

Spectralkradiance : Wim''3
avgSunTemp : K = 5778 kelvin {untt = ke

«component»
[of trator
«sub assembly»
Optical_FE «component»
Optical_Filter
Cptieald mvalilvlte;:mn 0

VLC Receiver_FE|  «receiver front end»

VLC Receiver_FE

«sub assembly»

e Electrlcal_FE:I

photo_Detector,

1 [=] vl_transceiver 35 500000 2 2.8072E-9 53.7929 8.9773E-14
2 [=] vi_transceiver1 35 1000000 11000 2 1.1229E-8 60.7242 1.0805E-25
3 [=] vi_transceiver2 35 500000 500 1 1.4036E-9 46.8614 9.618E-8

4 [=] vi_transceiver3 45 1500000 500 1 9.2352E-10 §42.6756 1.2034E-5
5 [=] vl_transceiver5 45 1000000 1000 1 3.6941E-9 349.6069 1.1668E-9
6 [=] vi_transceiver 60 1000000 }500 2 1.2314E-9 138.6209 0.0003

7 [=] vi_transceiver7 ‘60 500000 5500 1 6.1568E-10 138.6209 0.0003
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d [Block] ISC_High Level Context[ ISC_HighLevel IBD ] J
«system of interest»
: Inter-Satellite Communication Domain
th
«subsystem» data «subsystem»
cubesat_1 : Satellite Communication System -] SC Lk [«s] cubesat_2 : Satellite Communication System
T : in
1 data =
0 ™ T  1SC Link T ] H
: ibComm_Interface . ~ibComm_Interface - ibComra_Interface
) . - ISC Link
data signal_1 - ISC Link
«subsystem»
=+ Microsat : Satellite Communication System [+~ command data_2
- ibComm_Interface ~ - ibComm_lInterface
command data_1 T . data signal_2
iDSN_1
command data Data
iMsat iMSat_2




An MBSE Architectural Framework for Inter-Satellite Communication in a

Multiorbit Disaggregated System
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An MBSE Architectural Framework for Inter-Satellite Communication in a

Multiorbit Disaggregated System
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MODS Configuration Alpha:

= MicroSat communicates with ground station

= CubeSats are plaged in same equatorial Low

~

Earth Orbit ~

~

= Design meets Line-of—SigFt‘sontraint
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nfiguration Beta:

s with ground station

ifferent equatorial Low




The terms and concepts needed to create the ISC system @1\'
requirement views are gotten from the RODV

d [Package] MODS_Architecture Framework[ Requirement Ontology ] J
«ontology element» confirms «ontology element»
Source Element|o.- 0.-7|ISC Assumption

is elicited from

«ontology element»

Need Description
1

describes

[

determines,

«ontology element»
SC Requirement Source

is elicited from «ontology element»
7.~ |ISC Requirement Description

1

«ontology element»

ISC Need

«ontology element»

ISC Goal

1.+

constrains

sugports

describ

RODV - Requirement
Ontology Definition View

defines the scope for H

«ontology element»

ISC Objective

«ontology element»

Context
Fay

«ontology element» | represents a global

ISC Constraint [0+ 1

«ontology element»
ISC Requirement
' a a

js refined by

{incomplete}

«ontology element»
System Context

«ontology element»

Requirement

Attribute

«ontology element»
Functional
Requirement

«ontology element»
Service
Requirement

«ontology element»

SoS Context

ontology element»

MODS Rule

«ontology element»
CyberSecurity
Requirement
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Each resulting view is required to adequately specify ISC
subsystem requirements and related artifacts.

Requiféments Engineer

«viewpoint»
ed for Requirement

«ISC_AF concern»

«perspective»
Requirement Perspective

specifies context for requirements on

«viewpoint»

R}prese“y' Context Viewpoint

Support Identification of ISC
Requirement Viewpoints

validates
requirements
from

{Incomplete} I\

ISC-AF Requirement «iewpoint

Validation

Pers pective Viewpoint

shows refinement of needs described on

Requirement Description
Viewpoint

identifies sources of requirements on

. portrays goals required

by sources on

«viewpoint»
Source Element
Viewpoint
Viewpolits, identifies sources of needs on
Need Description
Viewpoint

shows goals based on needs described on

«viewpoint»

Goal Viewpoint

www.incose.org/symp2022

W

52

s

v 7
4



Ontology elements used to specify the Requirement @.\.
Description View are shown in this Viewpoint Definition View W /'

= Requirement Description Viewpoint: - This viewpoint defines structured descriptions of requirements.
Each requirement description has associated attributes and is assessed individually.

dd [Package] Requirement Description View point[ View point Definition View ] )

«ontology element» «ontology element»
Rationale Requirement Source

«ISC_AF view point»
Requirement Description Viewpoint

) is elicited from
explains reason for

«ontology element»
Requirement

«ISC_AF viewpoint»

Requirement Description
Viewpoint

«ontology element» «ontology element» «ontology element»
AllocatedTo Name

«ontology element» «ontology element»
ID Text Author

\FF\J‘\I\X\/

«ontology element»

\ \ \ W ¥ e \)//\‘: |\ «ontology element» «ontology element» «ontology element» Risk
Verification Status Date Created/Modified Priority

| |

«ontology element»
Requirement Attribute
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Concepts captured in this view form the basis for the
existence of the ISC-AF

dd [Package] MODS_Architecture Framework[ System Ontology )]

«ontology element» «ontology elfment» Is a type of «ontology element»
Use Case Behavior 1 Scenario
Description 10 |

specifies a system's

comprises a|sequence of exchanged
«ontology element»
External describes required validates s
: tol I t d
Environment junctionality of e e | «ontology element»
1 Use Case Wasssan
1. - 9
«ontology element»
: defines context for 1
MODS Domain 7
S 0 DV S O I receives «ontology element»
— System Ontology ™ Function
. . . is situated in descrjbes the function of a .
DEfl n |t|0n Vlew «ontology element»
System Context
1. 1. represents all external
— «ontology e.lement» delivers «ontology element» entities that interact with the
i Service 1 ISC System
1 yay is describefl within
interacts with
1
is an
«ontology element»
System-of-Interest
«ontology element» «ontology element»
Constituent System &+ Intermediate System represents a R TR
1
o=

1.+ | «ontology el ity |1
{Incomplete} OS! Layer
«ontology el t»

End System «ontology element» govgro activities of

Subsystem «ontology element»
® rotoco
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These viewpoints enable the creation of views necessary to%
completely specify the ISC subsystem. v

«perspective»
System Perspective

identifies interfaces

defines interaction points from «iewpointy between objects on —
Interface Viewpoint _aviewpoinb
Functional / Behavior
% «ISC_AF concern» View pOi nt
Support Identification of
ISC System Viewpoints
ISC Domain Expert «viewpoint»
I Configuration Viewpoint
% specifies functional / state-based
VG Engineer defines the interactions between «viewpoint» behavior of objects identified on
objects defined on ISC Structure Viewpoint

specifies behavior for
protocol identified on

shows system-based
analysis for objects

{InCOmplete} I\ shows communication link performance on identified on

shows protocol performance analysis

«viewpoint» «viewpoint» «viewpoint»
Link Performance System Analysis forprotocol defingdion Protocol Viewpoint
Viewpoint Viewpoint

ISC-AF System Perspective

®
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Ontology elements used to specify the Configuration View @1’\'
are shown in this Viewpoint Definition View "y

= Configuration Viewpoint: - This viewpoint defines how the ISC system and subsystems are configured
based on their structure and the interfaces between System Elements.

dd [Package] System View point[ System View point ] )

«ISC_AF view point»
System Configuration Viewpoint

|

«ontology element»
ISC System g

«ISC_AF viewpoint»
Configuration Viewpoint

/3 )

ANACN

defines th’ L
> owns
o b;: «ontololg,y etlement» «Onst‘OI:QY e'temem» » «ong:logy ektement» «ontology element»
- 0. or ubsystem 0.. onnector Item Flow
V@V VAV I VoV eV VAN 1 !
is nested w ithin

is connected to flow through

interacts w ith other subsystems via

Y
exposes «ontology element»
Interface Block

A
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Service orientation concepts defined in this ontology view
are key to developing a flexible ISC subsystem.

hdd [Package] ISC_AF Ontology[ ISC Services Ontology 1J

denotes a
L classification based on «ontology elements «ontology elements
AtomicService |1-* T>lService Structurel service Context|

. . denotes a )
denotes a classification iclassification based on contains

based on I
4.5

u 1 <ontology elements contains
«ontology elements contology elements Infrastructure Service

CompositeService | Service Classification
" «ontology element»

comprises

comprises

stores metadata of «ontology elements

SvODV - Service-Oriented Serves SegReposten
O n to I Og y D efi n iti o n Vi ew architectural performs <ontology elements establishes a

approach based Service Provider
on the concept of

«ontology elementy | «ontology 916".‘ ent» L
ODS Service-Oriented Architecture ISC Service I v 1

«ontology elements»

1 ST .
is utilized by a «ontology elements abides by e
: Service Contract
comprises Service Consumer

«ontology elements exposes the capability of
Service Composition Pattern

describes «ontology elementy
1 Service Description
. " realizes an

l Service Interface|
1.
«ontology element» iiSosvan . 3

Choreography — ; 't r:lement)
i nterface

«ontology elements — | -
i «ontology elements
{ I n co m p I ete} Drehestration Interface Description
«ontology element»
| Messa;e I

I ]

o «ontology element» «ontology elements
Functional Interface Technology Interface
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These viewpoints help define views concerned with
services to deliver system agqility.

utilizing ein s
"y

Services SME

«ISC_AF concern»
Support Identification of
ISC Services Viewpoints

{Incomplete} I\

ISC-AF Service-

«perspective»
Services Perspective

«viewpoint» h tualitechnicall lated «viewpoint» «viewpoint»
Service Identification SNows conc:gﬁuliese%ca e e Service Kit Viewpoint Service Choreography
Viewpoint Viewpoint

shows collaboration between services identified on

defines functional service interface for «viewpoint»
services identified on Service Interface
Viewpoint

specifies service
dpscriptions for

shows servige

choreography for gervices
shown on

«viewpoint»
Service Collaboration

Viewpoint

services on evaluates designs
portrayed on
«viewpoint» . «viewpoint» . «viewpoint»
Service Description shows the composition of services specified on | Service Composition SOA Evaluation
Viewpoint Viewpoint Viewpoint

Oriented Perspective
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Ontology elements used to specify the Service Description @

teln n:
View are shown in this Viewpoint Definition View sy

= Service Description Viewpoint: - This viewpoint specifies the functional Service Interface for each
identified Service which includes a description of the service capability.

dd [Package] Services View point[ Services View point ] )

«ISC_AF view point»
Service Description Viewpoint

|

«ontology element»
Functional Service Specification

«ontology element» «ontology element» «ontology element»

Service Policy Service Interface Service Description
A

«ISC_AF viewpoint»
Service Description sho
Viewpoint

’\\\/I\W\/\/\/\M\/V\/\,E

«ontology element»
Service Kit

1

is a member of provides rules and guidance for specifies

1" 1/ la®

«ontology element» «ontology element» «ontology element»
0.” Service Type 1.* Service Capability Service Parameter

0.*

is composed of
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Domain-relevant data and data-security concepts and are
defined in the security ontology viewpoint

SecODV - Cyber
Security Ontology
Definition View

d (Package] ISC_CyberSecurity [ ISC_CyberSecurity Ontology1 |

is obtained from

«ontology element»

[

«ontology element»

Data Source

Domain Data

is realized from

is generated from

«ontology element»

is dependent on the

Data Type

«ontology element»

Engineering Data

|

requires

«ontology element»

Priority

«ontology element»

Immediate

s classified as

«ontology element»

Private Data

«ontology element»

Payload Data

«ontology element»
Command and
Control Data

requires

«ontology element»

Time Sensitive

«ontology element»

Routine

represents a

Service

«ontology element»

¢

«ontology element»

Priority Level

«ontology element»

Parameters

«ontology element»
Service Sensitivity

Bandwidth

lassified as

Sensitive Service
I

represents a

Level

)

is clasgified as

«ontology element»

Restricted Data

«ontology element»

Data Classification

is based on a given

«ontology element»

is based on

repre

constrains the

defines the|context for

Classification
Context

represents the need for

ensures

«ontology element»

Data

«ontology element»

QoS

determines

Availability

)

Data gecurity

protects

impacts

«ontology element»

represents a

Data Integrity
«ontology element»

Data Sensitivity
Level

protects

represents the need for

«ontology element»

Data Confidentiality
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These viewpoints capture the security capabilities of the @%
system required to establish trustworthiness e

dd [Package] Security View point[ System Security View points ])

«ISC_AF viewpoint»
Resiliency Viewpoint

«ISC_AF viewpoint»
Safety Viewpoint

«ISC_AF viewpoint» R «ISC_AF viewpoint» «ISC_AF viewpoint»
Security Viewpoint Privacy Viewpoint Data Security Viewpoint

«ISC_AF viewpoint»
Survivability Viewpoint

«ISC_AF viewpoint»
Reliability Viewpoint
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These viewpoints enable the capture of data and data- M@

security views of the system. 2

1

«perspective»
Domain-Data and Data Security Perspective

represents I
«ISC_AF concern»

Support Identification of ISC )
System Security Viewpoints /

«ISC_AF viewpoint»
Data Source ” shows data types from sources in «ISC_AF viewpoint»

Viewpoint Data Type Viewpoint

N

defines sensitivity
levels for data types
defines data confidentiality, integrity and availability portrayed in

for data types shown in

Security SME

{Incomplete}

«ISC_AF viewpoint»

. . . ISC_AF viewpoint
Data Security Viewpoint «ISC_ point»

Data Sensitivity Level
Viewpoint

ISC-AF Information
Security Perspective
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Shown are derived viewpoints and some ontology elements'y
required to create data security views.

d [Package] Security Viewpoint[ Data Security View ] /‘

™

W

- - depends on «ontology element»
CISC_AF viewpoints Data Quality Policy
Data Integrity Viewpoint

uses

«ISC_AF viewpoint»
depends on

Data Confidentiality Viewpointje>—— «ontology el_ement»
0.* |Hash Function Type

SN e S N .

.

«ISC_AF viewpoint» 4 .

. . 0.*
Data Security Viewpoint «ISC_AF viewpoint» «ontology element»

Non-Repudiation Viewpoint CryptoSystem Policy
0.

«ISC_AF viewpoint»
Data Security Viewpoint

depends on «ontology element»
«ISC_AF viewpoint» depends on «ontology element» 0. | Encryption Type

Data Availability viewpoint System Redundancy

«ontology element»

Accountability

defines
«ontology el ty «ontology element»

Access Control Authorization

enforces

«ontology element» enables
Authentication

defines the context for

«ontology element» 3 o
Data Classification| _determines data sensitvity of

{Incomplete}
0.7
«ontology element» «ontology element» «ontology element»
Data Protection Policy Data Source Data Security
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These viewpoints provide insightful views and visualization @1_.\.

. ’;/
of the overall architecture.

«perspective»
Traceability Perspective

«viewpoint»

Relationship Identification | jdentifies relationships Traceability Identification
Viewpoint used on Viewpoint

ISC _AF Tracea bi I ity Identifies elements and relationships used ln

m «viewpoint»
P e rS pe Ctlve Requirement Traceability «viewpoint» shows traceability tree «viewpoint»
Viewpoint P Traceabiliity Viewpoint from Impact Viewpoint
T A ‘[
«viewpoint» «viewpoint» Servi(:;l:v;'p:;;:bility
System Traceability Cybersecurity Traceability - -
. ; : : Viewpoint
Viewpoint Viewpoint
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An example of a tabular traceability view which shows

the relationships between ISC-AF elements.

Criteria

Element Type: | perspective || .. | scope (optional): |sceavilty PerspectiveIsC_AF Perspective /|| ... | Filter:| Y7~ |

# Name Viewpoint Stakeholder Concern Addressed by Viewpoint ISC-AF Stakeholder
Configuration Viewpoint (O Support Identification of ISC System Viewpoints % ISC Domain Expert
Protocol Vi int

ro o.co |ewp0|n. - - (O Support Modeling ISC Architectures Based on the OSI Framework % MODS AF

Functional / Behavior Viewpoint

; El Svstem P i Link Performance Viewpoint (O Support Conceptual Functional/Logical and Technology Level Descriptions % ISC Systems Engneer

ystem Perspective = .
System Analysis Viewpoint (O Define an Architectural Framework for Modeling ISC Architectures % Sponsor/Customer
ISC Structure Viewpoint % ISC AF Architect
Interface Viewpoint % -
SE Modeler

Traceabiliity Viewpoint (O Support Identification of ISC System Tracebility Viewpoints % MODS AF
I t Vi int
apac .|.e Yol T - - (O Define an Architectural Framework for Modeling ISC Architectures % ISC Systems Engneer
Traceability Identification Viewpoint

5 D - IR . Relationship Identification Viewpoint % Sponsor/Customer

raceabllity Ferspective Services Tracebility Viewpoint % ISC_AF Architect
Syste.m Traceability V-u.ewpc.:lnt : % SE Modeler
Requirement Traceability Viewpoint
Cybersecurity Traceability Viewpoint
Sensitivity Level Viewpoint (O Support Identification of ISC System Security Viewpoints % Security SME
Cyb ity Context Vi int
ybersecurtly ontex - '|ew'p0|n - - (O Define an Architectural Framework for Modeling ISC Architectures % MODS AF

Threats and Attacks Mitigation Viewpoit
Data Source Viewpoint O Comply with RASDS Standards % ISC Systems Engneer

3 [ Information Security Perspective Data Type Viewpoint % Sponsor/Customer
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