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» Master in Computer Science (Austria)
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Systems Analysis

e Carry out quantitative assessments of systems
in order to select and/or update the most
efficient system architecture and to generate
derived engineering data.

e System analysis provides a rigorous approach
to technical decision-making. It is used to
perform trade-off studies, and includes
modeling and simulation, cost analysis,
technical risks analysis, and effectiveness
analysis.



Requirements Verification

e A kind of systems analysis that assesses
whether a system design meets the objectives
and satisfies the constraints that are implied
by the system requirements



Model Based Systems Engineering

e MBSE is the formalized application of
modeling techniques to support system
requirements, design, analysis, verification,
validation and documentation activities

e MBSE expresses a system using a Systems
Modeling Language (SysML), a profile of UML

e MBSE is often applied with a method like
Object Oriented System Engineering Method

(OOSEM)



Project Question

* How to perform requirements verification on
systems models using vanilla SysML?



Proposed Approach

e An extension of OOSEM named Executable
Systems Engineering Method (ESEM)

e ESEM produces executable SysML models that
verify requirements

e ESEM provides a set of analysis patterns that
are specified with various SysML structural,
behavioral and parametric diagrams



Executable Models

e Most SysML models today are created for
documentation purposes
— The focus is on syntax and notation

e Some SysML models are created to gain

system understanding, explore and validate
desirable or undesirable behaviors of a system

— The focus is on semantics



Model Execution

e Executable SysML models are defined with a
subset of the language with well defined
execution semantics
— The subset is called Foundational UML (fUML)

— SysML inherits the fUML subset from UML
e SysML models are executed with the help of
an execution, or simulation engine
— Ex.: MagicDraw’s CST
— Ex.: Papyrus’s MOKA



Cameo Simulation Toolkit (CST)

e A plugin to MagicDraw SysML modeling tool
e A simulation platform based on fUML and
plugs in additional execution engines
— State Chart XML (SCXML)
— Scripting for the Java Platform (JSR 223)
— Precise Semantics of Composite Structures (PSCS)



Object Oriented System Engineering
Method

Defines the architecture in terms of:
e Domain: the context of the solution

— Enterprise: the ecosystem of the solution

e System of Interest: the solution being specified
— Black Box: externally visible specification
— Conceptual: white box functional specification
— Physical: white box realization specification



Running Example

e Thirty Meter Telescope (TMT) http://www.tmt.org/
— Alignment and Phasing System (APS)

e Sensor responsible for pre-adaptive optics wavefront quality

 Developed by TMT International Observatory (TIO)
— JPL participates in several subsystems of TMT
— JPL delivers the APS based on requirements from TIO

— APS team uses MBSE to analyze requirements, produce
design, and performs analysis
= g - -

APS fou. i
o



http://www.tmt.org/

TMT Motivation, Goals,
Problems to solve

Capture APS operational use cases, e.qg.
— Post-segment exchange alignment

— Alignment maintenance

— Phase M1

— Off-Axis measurements of WFE

ldentify involved subsystems, e.g. TCS, M1CS
ldentify interfaces and interactions among subsystems

Analyze associated scenarios
— Ensure timing requirements are met
— Ensure power and mass requirements are met

Develop/refine timing requirements for algorithms, ICS and
external interface commands



TMT Alignment and Phasing
System Modeling

Capture relevant information in a SysML model (database):

— Involved subsystems and their interaction points

— Information exchanged

— Estimated or required time durations of activities

— Distribution of system elements, mimic message exchange
Used SysML constructs

— Internal Block diagrams, State Machines, Activity Diagrams
Simulate scenarios using executable models based on fUML and SCXML
semantics and a model based clock and duration constraints
Confidence of correctness achieved by

— Recording traces of simulation in sequence diagrams

— Ensure all “leaf’ actions have durations constraints applied

— Ensure that all actions have been reached in the different scenarios

— Evaluate results against formal constraints



Running Example Objectives

Use MBSE to define executable SysML model that captures
requirements, operational scenarios (use cases), system
decomposition, relationships and between subsystems, etc.

Use the model to analyze the system for power
consumption
— Also mass and duration analysis (but out of scope)

Produce documents like

— Requirement Flow Down Document
— Operational Scenario Document

— Design Description Document

— Interface Control Documents

Goals: use standard languages and techniques, avoid
custom software development



TMT Model

e Customer and supplier model in same SysML
project, APS and Adaptive Optics

* Project level (customer) conceptual elements
re-used for simulation in downstream design

* Analysis: Duration, Power and Mass

https://github.com/Open-MBEE/TMT-SysML-
Model



https://github.com/Open-MBEE/TMT-SysML-Model

Observatory Conceptual Model

bdd [Package] Conceptual Design] TMT Concepiual Design]/J

ablocks
TMT Observatory System Black Box
Specification
wblocks
®00Sem: conceptuals
TMT Observatory System Conceptual /\
wblocks wblockz wblock= wblocks wblockz wblocks
«00SEM: conceptuales ®00SEM:conceptuale w00SEem: conceptuals «00SEM: conceptuales w00SEM:conceptuals Alignment
Telescope Telescope Observatory Controls Data Management System M1 Control and Phasing
Control System Systemn System
- «blocks «blocks
®00Sem: conceptuals
: MACS Black APS Black Box Specification TMT
‘Common Services Box
d 4 parts
Specification pplc : Peak Power Limit Requirement TM
TMT
wblocks
®00sem;concepiuals "-'|3‘
Executive Software ablocks ablocks
MACS Black APS Operational Blackbox
Box Specification JPL
Specification
JPL

- ——




Executable System Engineering

Step 1:
Step 2:
Step 3:
Step 4.
Step 5:
Step 6:
Step 7/:

Method (ESEM)

Formalize Requirements
Specify Design

Characterize Components
Specify Analysis Context
Specify Operational Scenarios
Specify Analysis Configurations
Run Analysis



Step 1: Formalize Requirements

* Requirement Pattern

— Customer Side
e Define the textual requirement with a Requirement

e Optionally define a design black box specification with a
Block with relevant value properties

e Optionally refine the Requirement with a Constraint Block
on the black box design Block

— Supplier Side
* Define a design black box specification with a Block (that
refines the customer’s black box Block if any and provides
tighter property values)
e Refine the textual Requirement by a Constraint Block (if not
already defined by the customer)



Step 1: Formalize Requirements

req [Package] 11 Reguirements] Reguirements Sp&ciﬁ{:ﬂtionJJ

i
|TMT wSpecifiess
JERETE - T
| | |
I «blocks | sblocks N I
| APS Black Box Specification TMT | Peak Power Limit Requirement TMT wcomments 0 DjectPropertiess
| pplc - Upper bound as «TMT Requirements
| L — <powerP eakLimitE nclosure: W = 8500 o ~|specified by TMT Peak Power ingide the Enclosure
[ — —rpowerPeaklimitSummitF aciityBuildingsWW = 4200.0 Text = "APS shall have a peak load inside the
I Fa? | 47 Enclosure of less than 8.5 KW"
| | n A
I «qieciiesx. «0bjectPropertiess ! "
| BEE = T «TMT Requirsments I comment
w B
Peak Power ingide the Summit Facilities Building . .
| / The requirement specifies
| Text = "APS shall have a peak load inside the / the powerPeakLimit value
Summit Facilities Building of less than 4.2 KWw™ / property. It specifies the
I upper bound of power
| / consumption
| arafines |
e l_ o _ _ _ _ _ _ _ _ _
____________________________________________ e S
[JPL ablocks eblocks /
| APS Operational Blackbox Specification JPL ppis Peak Power Limit Requirement JPL / —

YEIUES

powerPeakLimitE nciozure: W = 810X redefines powerP eakLimitE nclosure, unit = wati}
powerP eakLimitSummitF acilityBuildingsW = 4100 Kredefines powerP eakLimitSummitF acility®

Upper bound as specified
by Supplier. Te be shown
by analysis that the

E

as-designad value
enc fﬁdﬁtﬁ' safisfies it
par [Block] Peak Power Limit Requirement .IF‘I_ Peak Power LimilRequirementJF‘y «constraints
Peak Power Load Constraint
piW p-w constraints acomments
|_| |_| {p=requiredP eakLimitLoad} - —|This constraint
sconstraints constraints paramsters specifies formally
enc : Peak Power Load Constraint facility : Peak Power Load Constraint p:W the upper bound.
{p=requiredPeakLimitLoad} {p<requiredPeakLimitLoad} requiredP eakLimitload W

M

M

requiredPeakLimitLoad : W

| powerPeakLimitE nclosure : W = 8100

requiredPeakLimitLoad - W

| powerPeakLimit SummitF acilityBuildings : W = 4100.0

—_— e —_— —— —_———— ——— — —




Step 2: Specify Design

e Follow OOSEM to define two white box Blocks

that specialize the black box specification
Block

— Conceptual Block (out of scope for brevity)
— Physical Block

e Decompose the white box designhs with Blocks
representing the subsystems



Step 2 Black Box Level

Project level i
components —
communicate e
with APS black ‘

box block
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Step 2: Conceptual Model

Communication between state machine specified components over ports



Step 2: Realization

«Diagram Descriptions

bdd [Package] Realization Design APS Realization Stru{:tureJ

APS Operational Blackbox Specification JPL

wblocks

wblocks

aoosem: physicals
APS Realization

sumimit Installation

wblocks
woozem:node physicals

Summit Installation

comp uter!ﬁ

acystem Components
Control

dome Installation

wblocks
zoozem:node physicals

Dome Installation

ing |{subsets subM ass, subsets subPower}

waystem Components

!

«HW Components
Computers

ws¥ Components
Software

APS Optical Bench

System Decomposition Hierarchy

Instrument
APS Eledironics Rack
«HW Component «HW Componenit a3V Components
Optical Bench Controller Rack ICS
L
«HW Components «SW Components
Computers Software




Step 2: Realization

«Reviewers
wVie Ve
bdd [HW Component]Centroller Rack] Controller Rack Structurere

APS5 Realization APS Realization Structure

«HW Components
Controller Rack
PIT CCD Sl
Camera Ctrl
SH Filter sHCD» CAEDs SH CCD Proxy ports
Slide Wheel Cirl d
cUsB
Rotate Wheel Ctrl ABT Fiter 1 = AT CCD
SH Pupil procy ports APT Filter 2| - wot Pré(y ;l:.;f
. Motor Control j "
: Digital APT Filter 3
PIT Filter Wheg| - Dioital
: Digital
PIT Shutter gr0>
Digital IF
SH Shutter proy ports
: Digital
PIT Tilt Plate
PIT Tilt Plate ™
APT BS gHCD»
Motor Cirl
PrOXy ports
. Motor Control

System Decomposition Hierarchy




Step 3: Characterize Components

 Add relevant patterns to the design Block to
make it executable

e Example: Roll-up Pattern

— Constrained value represents an aggregate value
that is propagating up a hierarchy of
subcomponents

— Static roll-up (e.g., mass roll-up)
— Dynamic roll-up (e.g., power roll-up)



Step 3: Characterize Components

bdd [Package] Roll-up Patterm] Power Roll-up F‘alternlJ

ablocks par [Block] PowerRolll pPattertd B PomerRullUpPauemU
PowerRollU pPattern
constraints subPower : PowerRollUpPattern [*]
sum : TotalC hildren power - W [1]
MtotalPowsr - W

Pars

subPower : PowerRolll pPattern [*]
p: Real
walues ’ .
ftotalPower : VWiunit = watt; l—.l . fat: Bl p—
power : W [1]= 0.0unit = watt} child : Real [7] TElE 9"'1_ E
operatingPower | W = 0.0funit = watt} sum : TotalChildren
standbyPower : W= 0.0{unit = watt} Itotal = sum(child)+p}
dia ssifier behawor
wstatemachine=P RBehavior
stm [State Machineg] PREehavior E‘Ej PRBehaw'uru woonsiraints
TotalChildren
State constraints g
{total = sum(child}+p}
TurnOff ot o parameters
off standby child ; Real [1]
{power=0] Standby {power=standoyFower} total : Real
p: Real
TurnOn | TurnOHf
oan
Standby
{power=operatingPower}
TurnOm




Step 3: Characterize Components

bdd [HW Component]Collimatof Collimator Assembly Roll-up!J

wblock=
PowerR ollU pPattern

constraints
sum : TotalC hildren

values
NtotalPower ;. YWunit = watt}
power W [1]= 0.0{unit = watt}
operatingP ower : YW = 0.0{unit = watt}
standbyPower : W = 0.0{unit = watt}

|subP owe

«HW Components
Collimator

Field | ens

Collimato {subsets subM ass, subsets subHower}

«HW Components
Relay Lens

parts
. MotoRsubzets subM ass subsets subPowver}

properties
Transmitted_percent
Refiected_percent

walies
size : Real

Fold Flat|{subsets erbM ass, subsets subPower}

«HW Components
Mirror

Power Roll-up Pattern Application



Step 4: Specify Analysis Context

* Analysis Context Pattern

— Abstract analysis context Block composes both the
design black box Block and white box Block

— Analysis properties defined on the analysis
context Block (e.g., peak power, power margin)

— Analysis parametric model on the analysis context
that computes and binds analysis values



Step 4: Specify Analysis Context

wblocks wblocks
«E xplanationz woozem:physicals
Peak Power Limit Explanation za@nalysess APS Realization
CONSIaNnts Pary
: DetermineM ax summit Installation Summit Installaticfeub=zet= subll as2 subsets subPower
: DetermineM ax dome Installation: Dome Installatiogsubzet= subll as2 subsets subPower]
pars ‘J.'-’
analy=iz Driver . Analysis Driver
zanalysess ublocks
values il APS Operational Blackbox Specification JPL
peakPowerEnc: W
peakPowerfadility . W
maxD : Real
minD: Real

Analysis Context Pattern



Step 4: Specify Analysis Context

par [Block] Peak Power Limit Explanatiof Peak PoerimitEmlanatinr!J

aP 5 Operational Blackbox Specification JPL : APS Operational Blackbox Specification JPL

ppls : Peak Power Limit Requirement JPL

«constraints econstraintz

facility : Peak Power Load Constraint
{p=<requiredPeakLimitLoad}

enc : Peak Power Load Constraint
{p=requiredP eakLimitLoad}

p:w reguiredPegkLimitLoad - W pow requiredPeakLimitLoad -
| powerPeakLimitE nclosure : W = 3100 ‘ powerPeakLimitSumm
itFacilityBuildings : W =
4100.0

peakPowerEnc : W peakPowerfacility : W ‘

old : Real gew: Real IJ—_EI‘Id :Real
L | ‘
|

wconstraints |

xcomments

as designed peak
during a soenario

| aconstraint | .
| :Detorminebax | . cosemineae | ANQlYSIS G
{newe=max(old current)} | {new=maxjold,current}} |
| |
_______ [1) - |
current - Real current : Real

aP$ Rjealization : APS Realization

dome Installation : Dome Instgllation

“ftotalMass : kg
*ftotalPovwer : W
e

*ltotallMass : kg
*ftotalPower : W

summit Installation : Summit Instajlation

~ltotallass : kg
*HotalPower : W

wcomments

as designed value at any point
in time during a scenario

ontext Parametric Model



Step 5: Specify Operational Scenarios

 Operational Scenario Pattern

 Concrete analysis context Block that

Represents one operational scenario (e.g., power configuration)
Specializes the abstract analysis context Block

Redefines context’s properties with scenario-specific values
Defines an owned behavior (sequence diagram) as scenario driver

» Changes the states of the different components, by sending
them signals, causing the rolling-up to occur automatically

» Can specify duration constraints to time the injection of
signals thus controlling time spent in a certain state

» Can use state constraints (on components) to verify during
execution if a component is actually in expected state



wblocks
«E xplanationz

Peak Power Limit Explanation

COMNSIENES
: DetermineM ax
: Determine M ax

=TS
parts

analy=is Driver . Analysis Driver

valuss
peakPowerEnc . W
peakPowerF acility | W

minD: Real

maxL ; Real

Step 5: Specify Operational Scenarios

eblock=
Peak Power Limit Scenario Online

wblocks
Peak Power Limit Scenario Standby

Operational Scenario Pattern




Step 5: Specify Operational Scenarios

aP5 Realization.dome
Installation.ins.APS

Electronics Rack.APT
CCD : Camera Ctrl

sd [Interaction] Peak Power Limit Scenario Onling Peak Power Limit Scenario Online]/J B. B
Selector Selector
1 2
wblocks = wblocks = «System Components «System Components «HCD» «HCD» gHC D
analysis Driver : Analysis Driver «00SEm:physicals aP'S Realization.surmmit aP5 Realization. summit aP5 Realization.dome aP5 Realization.dome
T aP5 Realization : APS Realization Installation.computer : Installation.computer : Installation.ins.APS Installation.ins.APS
| T Control ‘Control Electronics Rack.PIT CCD : Electronics Rack.5H CCD :
\ 1: Tum&n ! T T Camera Ctrl Camera Ctrl
I I
113 . [ | | |
: : I I I
2 Tump | | | | |
I I I
{1s | : | | |
i | | |
i 3: TumOn i : : :
I I I
15 : T | | |
: 4: TumOn | : H
| : o | i
HE | | | | |
: | | | |
| . 5: TumOn | | |
T | | | :
{15 : | | | H
] ] | |
: : [ TurntOn | |
T +
| : : i i
{1s} | | |
| i I I I
. | | | |
7: TumOff I ) . | |
I I
I I
i i | |
{25 ! [ | |
8: Abort ] | I I
I I
I I | |
I I | |
I I | |
1 1 | |
I I | |
I I | |
I I | |
I I i i
: : | |

Operational Scenario Driver




Step 6: Specify Scenario Configurations

e Scenario Condition Pattern

— A decomposition tree of instance specifications
representing the state of the scenario

e Can be presented in tabular form
— Rows represent the instance specifications (e.g., component)

— Columns represent values (e.g., operating power) from the instance
specifications

* |ssues
— Hard to keep instance specifications in sync with Block
hierarchy
e Mitigation: tool automation
— Instance specifications cannot be displayed in IBDs

e Mitigation: use full specialization tree of singleton Blocks for each
scenario



Step 6: Specify Analysis Configurations

bdd [Fackage] 02 Analysis Definition] Analysis CunﬁguratinnlJ

ablocks E
peak Power Limit Scenario Online : Peak Power Limit Scenario Online

analysis Driver = peak Power Limit Scenario Online.analysis Driver

aPS Operational Blackbox Specification JPL = peak Power Limit Scenario
Online.aPS Operational Blackbox Specification JPL

aPS Realization = peak Power Limit Scenario Online.aPS Realization
maxD = 0.0

minD = 0.0

peakPowereEnc = 0. (Munit = watt}

peakPowerFacility = 0.0{unit = watt}

Bt iz

AP5S Realization Confguration Scenario Online Rollup Online Result

Scenario Configuration Pattern




Step 6: Specify Analysis Configurations

# Mame Classifier Operating Power : W Standby Power @ W
1 | = peak Power Limit Scenario Online.aPS Realization E APS Realization 0.0 0.0

2 | & peak Power Limit Scenario Online,aPS Realization,dome Installation E] Dome Installation 0.0 0.0

3 | = peak Power Limit Scenario Cnline,aPS Realization.dome Installation.ins B instrument 0.0 0.0

4 | = peak Power Limit Scenario Online.aPs Realization.dome Installation.ins.aps electronics rack = controller Rack 0.0 0.0

5 =1 peak Power Limit Scenario Online.aPs Realization.dome Installation.ins.aps electronics rack.apt bs E Motoer Ctrl 0.0 0.0

] =1 peak Power Limit Scenario Online.aP'S Realization.dome Installation.ins.aps electronics rack. apt bs.subMass[1] E] MassRollUpPattern

7 =1 peak Power Limit Scenario Online.aP's Realization.dome Installation.ins.aps electronics rack. apt bs.subPower[1] E PowerRollupPattern

8 =1 peak Power Limit Scenario Online.aPs Realization.dome Installation.ins.aps electronics rack.apt ccd E camera Ctrl 200.0

9 | (= peak Power Limit Scenario Online.aPs Realization.dome Installation.ins.aps electronics rack. apt cod. subMass[1] E MassRollupPattern

10 | = peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt ccd. subPower[1] E PowerRollUpPattern -

11 | = peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt filter 1 E slide Wheel Cirl 0.0 0.0

12 | = peak Power Limit Scenario Online.aP5 Realization.dome Installation.ins.aps electronics rack. apt filter 1.subMass[1] E] MassRollupPattern

13 | =1 peak Power Limit Scenario Online,aPS Realization.dome Installation.ins.aps electronics rack. apt filter 1.subPower[1] E powerRollupPattern

14 | =1 peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt filter 2 B slide wheel Ctrl

15 | = peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt filter 3 E slide Wheel Cirl

16 | = peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack. pit cod E Camera Ctrl 100.0

Scenario Initial Condition Pattern

455 | s PRLIR G AT LI I I AL 0§ LU 13U R 1 LI 1 U ST | ] I e R G
178 | (= peak Power Limit Scenario Online.aPs Realization.summit Installation. subMass[1] E MassRollUpPattern
179 | (= peak Power Limit Scenario Online.aP5 Realization.summit Installation.subPower [1] E PowerRollUpPattern
180 | (= peak Power Limit Scenario Online.aPS Operational Blackbox Specification JPL.pplc E Peak Power Limit Requirer 8500.0
181 | = peak Power Limit Scenario Online.aPS Operational Blackbox Spedfication JPL.ppls E Peak Power Limit Requirem 8100.0
182 | = peak Power Limit Scenario Online.aPS Realization.pplc E Peak Power Limit Requirem
183 | = peak Power Limit Scenario Online.aPs Realization.ppls E Peak Power Limit Requirem

184 | (= peak Power Limit Scenario Online.aPS Realization. summit Installation. computer 1 E cContral 500.0 100.0 0.0



Step 6: Specify Scenario Configurations

e Scenario Configuration Pattern

— Scenario configuration is an Instance Specification
of the scenario’s concrete analysis Block

e References an initial scenario condition with an
<<analyzes>> relationship

 References a final scenario condition with an
<<explains>> relationship



Step 7: Run Analysis

 Run the configured analysis with a simulation
engine on the initial conditions to get the final

conditions:
* Produce the following views on final conditions

— Table showing final analysis values (e.g., peak power)
and the constraint’s pass/fail status for each scenario

— Timelines: state changes for components over time
— Value profiles: total rolled up values over time



Step 7: Run Analysis
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OpenMBEE

Provides a platform for modeling that serves
SysML CAE Client and Web-based View
Interaction — integrates JPL's mission
environment openCAE

— Basic Infrastructure for Version, Workflow, Access
Control

— Flexibility of content

— Support for Web Applications and Web-based API
access

https://github.com/Open-MBEE



https://github.com/Open-MBEE

OpenMBEE Current Realization
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Conceptual Design
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Operational behavior captured with
state machines and activity models
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Conceptual behavior model
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Interchanges between conceptual

Signal
3 Post-Segment Exchanae Alignment
A Start Fine Tilt Alignment
[ Start Get Reference Beam
A Get ShearPlatePos_Ack
3 Set_shearPlate_Pos_Ack
A PIT_Take_exposure_Cmd
3 PIT_Update_Camera_Params_Cmd
= SPDataMessage
& GetPITStatus Ack
3 PIT_Take_exposure_Ack
A PIT_Update_Camera_Params_Ack
A Update APT Pixel Offset Cmd
A Set_ShearPlate_Pos_Cmd
A Start PIT Tracking_Ack

Signal attributes

& pos : TipTilt

@ dit : Integer
O p:Integer
@ deltaPos : TipTilt

& offset : APT Pixel Offset
O tilt : TipTilt

components
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B user2APS
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b PITAZPITTOUL
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b PITZTCSOUt
b PIT25POUL
b PIT2PEASOUL

Owner of Port
B APS User
E APs User
B APS User
E] shear plate
E] shear plate
B3 PEAS PIT Tracking
EJ PEAS PIT Tracking
B3 PEAS PIT Tracking
E] Pupil and Image Tracking Assembly
B Pupil and Image Tracking Assembly
E] Pupil and Image Tracking Assembly
B3 PEAS PIT Tracking
EJ PEAS PIT Tracking
B3 PEAS PIT Tracking

Owner of Signal Send
3 Trigger_CTA
g Trigger_FTA
3 Trigger_GetRBeam
3 SendAck
g SetPosition
& Take PIT Exposure( dit : Integer )
&3 Update PIT Camera Params{ camParams : Integer )
&3 Do PIT Tracking
3 SendAck_Status
&3 SendAck_Exposure
3 UpdateParams
&3 Command Telescope Offset from PIT( parameter : APT Pixel Offset )
3 Adjust Shear Plate PIT{ parameter : TipTilt )
&3 Send_Ack_Start

Provides information for ICD from conceptual behavioral model



Summary & Outlook

It is possible to automate requirements verification in SysML
models

Introduced a new Executable System Engineering Method that
consists of a set of pure SysML analysis patterns

The method can be executed using an over Off the shelf
simulation engine for SysML

Trigger Analysis from Web interface and auto-generate
documents

Viewpoints which provide the power profile plots in View
Editor
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