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Overview of System Modeling y/\l?l?ls

« Model-based systems engineering (MBSE) is the formalized application of modeling to support
system requirements, design, analysis, verification and validation activities beginning in the
conceptual design phase and continuing throughout development and later life cycle phases [,

System Engineering

Concerns Software Architecture
Sponsor CONOPS » System CONOPS (Behavior)
Stakeholder Needs * Internal Interface Definition
External Interfaces « @ + Software Requirements
System Requirements Definition

Proposed Signal Architecture

Proposed C2 Architecture
Proposed Power Architectur

MBSE Facilitates
* Iterative Integration
« Segment Configuration

<_Managing System Interfaces >
SI&T

» Test Case Definition

* Requirements/Test association

* Connection Diagrams
(Structure)

» MBSE does not replace traditional document-based SE, MBSE formalizes it
» MBSE combines traditional methods and best practices with rigorous modeling techniques [2]

Technology to Connect, Inform and Protect - Efficient Use of Enterprise and System Architecting| 2




Importance of Interface Design to Systems Engineering HARRIS

« Defining system interfaces is at the center of systems engineering
« The system engineer is responsible to define the overall characteristics of the interfaces

« Keys to successful interface design:
o Specify relevant properties and behavior of each part of the system
o ldentify the connections between each system component

o ldentify connection types
— Classification (Hardware, Software, etc.)
— Constraints (Reliability, Physical, Environmental, etc.)
— Protocol (TCP, HTTP, etc.)

« Common Standard Interfaces
o |IEEE 802.x
o MIL-STD-1553
o RS-232C
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Typical MBSE Approach for Modeling Interfaces y/\ms

1 2 3 4 5 6 7 8 ibd [Block] System uflnterest[ System uflnterestu
- H - H - H - H ;_MC_SS:_Mo_nitt;aE:l Control Eub;ysi_em_l:::‘LAN . GbE 1000Base-T  LAMN: GbE 1000Base-T D'_ "~ RFS5:RF Subsystem :
= = = = - : Cathe Cable
Plug 1 : ~GbE 1000Base-T Iug 2 ~GbE 1000Base-T
| MCS5 : Monitor and Control Subsystem | | RFSS:RF Subsystem —I
: DA+ |
H | Di- :
| DB+ |
bE : LAN : GLE 1000Base™ L e =T :
DC-
1 DA+ | |
2 DA_ : DD+ | |
| . ] : Catbe Cable l
3 DB+ A L e F A R |
4 DC+
5 DC-
6 DB-
7 DD+
8 DD-
» Standard pin-out and characteristics
Cat5SE Cable T568B » Can be reused throughout projects
Standard Pin-out > May be included in standard part libraries (provided by third party companies — i.e. Zuken)
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Problems with Modeling Non-Standard Interfaces HARRIS

e System specific pin-out
o Want to use standard (COTS) connector shells with a unique system specific
pin-out
« System specific signal allocations
o Interface may have unique signal constraints / link impairments
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Approach to Non-Standard Interfaces y/\l?l?ls )

Modeling Arbitrary Signals and Pin-outs
« Define the signals as types separate from the connector-pin definition

« Assign the signal elements to the pins using a SysML dependency association with a unigue
<<Qver>> stereotype

o The <<Qver>> stereotype described in: ‘A modeling pattern for layered system interfaces’
by Peter M. Shames, Marc A. Sarrel

— http://Iwww.omgsysml.org/A modeling pattern for layered system interfaces-
INCOSE%201S15 paper-sarrel-shames.pdf
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Example System Interface

Example system is composed
of two subsystems with a non-
standard interface

« Want to depict a single ICD
that captures all aspects of
the subsystem-to-subsystem
Interface

« This model will also include
the internal cabling
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bdd [Package] System[ Svstem Elementslj

wblocks «blocks
System Of Interest RF Subsystem
RFES
-
Interface : MCS5-RFSS IF
RFS% Interface : MCS5-RFSS IF
wblocks
Mess | Monitor & Control Subsystem
-
[ 1]
1oss Notice the port interface type:
W00 !
MCSS-RFSS IF
ablocks ablocks

RF 535 Optical Cable

RFS55 Pwr Cable

Efficient Use of Enterprise and System Architecting| 7




Complete Subsystem to Subsystem Interface Description y/\l?l?ls

This interface includes a power and
optical interface

bdd [Package] MCSS-RFSS Interface [ MCSS-RFSS Int&rfac&lj

* Notice the power and optical wFull

interfaces are <<Full>> ports i = -=thocks Power Interface winterfaceBlocks
¥ [ MC55-RF55 Power IF

We can also depict mechanical,
hydraulic, and other interfaces
types as ports

afulls

Optical Interface ginterfaceBlocks
MCS55-RFSS Optical IF

E-£9 MCS5-RFSS Interface
: ,-ff Relations
|='__| Optical Interface
G101 Power Interface
WlMCssRFSS Interface
-2 MCss-RFSS IF
]:I Power Interface : ~0_MBSE::Interfaces::MCS5-RFSS Inter
]:I Optical Interface : ~0_MBSE::Interfaces::MCS5-RFSS Inte
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Link Layer Signals Mapped to Connector Pins y/\l?l?ls

bdd [Package] Optical Interface [ MCS5-RFSS Optical Interface Pin Assignmentlj Dependency relatlonShlp
(with <<Over>> Stereotype)

Dependency relatiunsl‘_lip (with _=:<U'.fer:_>} . . .

Stereotype ) shows Signal to Pin mapping ShOWS Slgnal to pln mapplng

ginterfaceBlocks =
MCS5-RFS5S Optical IF zinterfaceBlocks wProxys -
Optical DLL GbE Rx Pri: GbE @ RFSS - Overs

L4
_— — —_—— e e e e e e e — — o — — o — — — — — — — — S e — — —

HProxys

:l_GbE Rx Sec : GBE @ RFSS wOwvers
____________________________ |

KProxys

]EDE Tx Pri: GbE @ RF55 wlvers

_________________________ |
KProxys
GbE Tx Sec : GbE @ RF3S aOvers

wProXy»
DataLinkLayer

*Proxyn

]HSELRxPri: HSEL @ RFSS wOvers

____________________ -

*Proxyn

]_HSELR:(S&C: HSEL @ RFSS «Overs
_________________ -

*Proxyn

(HSELTCPHSEL@RFSS <O

*Proxyn

HSEL Tx Sec : HSEL {@ RF3S wOvers

:l _____________

I_|I_|I_|I_|I_|I_|I_|D

afulle [fulls lafully | afulls afulls Jac Furlle afulle [ Furll

N _ﬁim ﬁF‘iHZ ’_.ll_l,_ll:‘in?} 5in4 'LITinE- ﬂinﬁ ﬁin? ing COTS

winterfaceBlocks

-pin Optical Connector CO nnector

L

Physical
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Power and Return Paths Mapped to Connector Pins l/-l/\l?l?ls

bdd [Package] Power Interface [ MCS5-RFSS Power Interface Pin Assignment J_J

Using key words such

aS . wzinterfaceBlocks
MCS5-RF55 Power IF

° Ph Slcal - winterfaceBlocks
y . m>nrss Power Signals cproxys
« DatalLinkLayer < (P OC@RES P
« PowerlLevels | |
A | |
We can parse the model [‘]BE*”—r"_i’E—“*E@_FE%—_m—E;_—“U“—m— - | |
and create an ICD as a : : : :
Sepal‘ate document for: | fulls | fulls |aFulls | efulls

. Pin1 Pinz2 in3 Pin4
« Version Control mﬁj ] Y
zinterfaceBlocks

¢ C D R L 4-pin Power Connector

Notice the types:
l.e. 28V DC @ RFSS or GbE @ RFSS
Power and Data types are defined for this particular Interface
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Data Types for Specific Interfaces y/\l?l?ls

Base Classifier describes

Constraints may change as constraints that do not
the signal travels through bdd [Package] DataLink Protocols [ DataLink Protocols | change from interface to
dCKage daraLin rooCcD AlaLIing FnobpcD:
the system chang
Interface

. rgase Cassmer gescrnoes

Goals . winterfaceBlocks ginterfaceBlocks constraints that do not change from
GhE HSEL - = Tinterface to interface

« Depict the unchanging —— e
aspects of the signal i 2

« Depict the constraints T [

found at this interface

winterfaceBlocks sinterfaceBlocks
GbE @ RF55 HSEL @ RF55
IOSNR = 6 db} JOSNR = 6db}
{Channel Power = -3 dBmj} {Channel Power = +3.dBmj [~ ~
{Ext Ratio = 3 db} = -

Derived Classifier describes
consiraints that may change at
each interface in the sy=tem

Derived Classifier describes
constraints that may change
at each interface in the
system
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Internal Block Diagram (IBD) w/ Interface S

ibd [Block] System Of Interest[ System Of Interest_]_J

~ RFSS:RF Subsystem |

efulls il |
C1: ~MCS55-RFSS Power IF::| VM002 : RFSS Pwr Cable [;cz;umcss_pfss Power IF

[ MCSS: Monitor & Control Subsystem | il afulls |
' Optical Interface - MCSS-RFSS Optical IF Optical Interface - MCSS-RFSS Optical IF F |
| |
I
| «Cable Connections «Cable Connections |
| afulle _ _ _ _ _ _ _ _ __ _ gfulls |
| L1 : ~MCS5-RFSS Optical IF V1001 : RF55 Optical Cable C2 : ~MCSS-RFSS Optical IF afulle
I wfully ::I I:IH MCSS Interface : MCSS-RFSS F |
I RFSS Interface : MCSS-RFSS IF B |
I
! fulls |
| wfulls Power Interface : MCS5-RFSS Power IF F:| |
| o Power Interface : MCS5-RFSS Power IF L
| [} |
I «Cable Connections |
«Cable Connections |
| L_| L
I
I
|
I
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Internal Block Diagram (IBD) w/ Interface Pin-Outs S

ibd [Block] System OF Interest[ System Of Interest pin-outs J_J
N [ T nFec.OF enhevetam |
r MCSS: Monitor & Control Subsystem | wulls wfulls AP EL S SR |
| Optical Interface : MCSS-RFSS Optical IF Cptical Interface : MCS5-RFSS Optical IF 5 |
| ¥
«Cablg Connections |
: xCabje Connections |
| wfulls . gfulls l
| 1 : ~MCS5-RFSS Optical IF :] V1001 : RF5S Optical Cable D C2 : ~MC55-RFSS Optical IF |
| I |
S — |
|
|
|
| Sl afulle |
R ki
| Power Interface : MCSS-RFSS Power IF MCSS Interface : MCSS-RFSS IF |
| Physical : 4-pin Power ﬁgf'lll'jloectur |
| “fully fuls iyl |
RFSS Interface : MCSS-RFSS IF| Power Interface : MCS5-RFSS Power IF L |
| |
| JE:fulln wfulls |
Pin1 Pin2 |
| | [:l
|
| s g |
[ 1 _ T I ——— wfullz —
C1: ~MCH53-RFSS Power IF W1002 : RFSS Pwr Cable C2 : ~MC35-RFS5 Power IF |
' whulls aful «fulls fulls I
| - Fin3 Fin Pind
| [_I wfulls wfulls l
| fulls PinZ Fin2 |
| Pin w fulls w fulle |
| Pin2 Pin3 I |
| sical ; 4-pin Power Connector w fulke wfulls I |
fullz Pind Find I |
|
. . ' I
| | Phy=ical ; 4-pin Power Connector I |
Physical : 4-pin Power Connecto afulle
I | wfulle P h H | t'
| | | ySiCal connection can
I I | .
R | l | show cable or pins
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Summary/Conclusion y/\l?r"ls

This modeling pattern:

« Allows modelers to create customizable interfaces using existing connectors
o Flexibility to assign system specific pin-outs

Allows modelers to assign system specific signal characteristics
o Flexibility to add signal constraints / Link impairments

Facilitates creating link budgets by having Interface constraints

Create complete and detailed IBDs that will facilitate digital handoff to CAD
o Cable drawings
o Cable labels
o Wiring diagrams

Can create a generic non-standard interface design template (reference model) to be reused
throughout the model/organization

{ Design patterns provide a reusable, recognizable solution to engineering activities }
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