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e Collaboration between the European Southern
Observatory (ESO) and German Chapter of INCOSE
(GISE)

e Access to a high-tech project, the Active Phasing
Experiment (APE).

 The team members are:
— Robert Karban (ESO)
— Andreas Peukert (TU Munich)
— Tim Weilkiens (oose)
— Rudolf Hauber (HOOD)

About SE~2 INCOSE
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Presentation Notes
The SE^2 team is a collaboration between the European Southern Observatory (ESO) and the SysML working group of the German Chapter of INCOSE (GfSE)

ESO provides access to one of its high-tech projects funded by the European Union, the Active Phasing Experiment (APE).

The team members are geographically distributed with different technological background (Astronomy, Astronautics, Aerospace, Defence).
�The core team consists of:

 Robert Karban (ESO) – team leader
 Andreas Peukert (TU Munich)
 Tim Weilkiens (oose)
 Rudolf Hauber (HOOD)
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Presenter
Presentation Notes
The goal of the next generation of telescopes is to collect much more light. Therefore very big mirrors are required which cannot be made any longer of one single piece.
The drawing shows a draft of the mechanical structure of the European Extremely Large Telescope (E-ELT) and its competitors, the GMT and TMT.
The E-ELLT will be about 70m wide, where the primary mirror is 42m in diameter.

In order to have a 42 meter diameter mirror, the mirror is segmented in hexagonal pieces of about 1.5 diameter each. This results in about 1000 hexagonal segments. Due to different disturbances (vibrations, wind, gravity etc.) the segments must be actively controlled to get a continuous mirror surface with an accuracy of a few nanometres.
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Presentation Notes
The wave front is distorted by various factors: one of them is a wrong positioning of the segments of the primary mirror which will result in a discontinuous surface.
This is compensated by the so-called phasing loop.

The main challenge is to correctly detect the positioning errors of the segments with specific sensors in order to bring the surface of the primary mirror close to the one of a monolithic mirror.

Edge Sensors are used to measure the position of the segments relative to each other at a closed loop of about 1Khz. Before the this loop can be closed the edge sensors must calibrated, which happens periodically. This calibration is carried out by so-called phasing sensors.
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Presentation Notes
The Active Phasing Experiment (APE) represents a technology evaluation breadboard for large telescopes. The essential purpose of the APE experiment is to explore, integrate, and validate active wave front control schemes and different phasing sensor technologies for a European Extremely Large Telescope (EELT). This includes the evaluation and comparison of the performance of different types of wave front sensors in the laboratory and on the sky on the one hand, and the integration of the control of a segmented aperture control into an already existing active system and driving both the active system and the control of the segments on the other hand. APE is close to completion and deployment in an operational environment. APE will be deployed in the lab, standalone, but also in an already existing telescope.

It contains an active segmented mirror (ASM) with 61 hexagonal elements of 1.2cm in diameter which can be controlled the same way as the future E-ELT primary mirror. The ASM can be controlled in piston (movement perpendicular to surface), tip and tilt (rotations about x/y, parallel to surface).

To evaluate the sensors capabilities a special metrology system is built (the Internal Metrology). Based on interferometric measurements,
it provides high accuracy (5 nanometers) to determine the exact position of the segments in piston, tip and tilt and simulate the edge sensors of the E-ELT.
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Presenter
Presentation Notes
To properly evaluate the sensors, APE will be installed on an existing telescope in order to work with real stars.
It will be installed on one of the VLT telescopes in Chile which belongs to the 8m class telescopes.
It is installed as a normal instrument on one of the so called Nasmyth platforms, indicated by the little man on the middle-right of the schematic drawing.
It has to comply with various mechanical, electrical, optical and software interface specifications for this installation.
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The APE project
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req [Package] APE_Project_Chjectives [ Objeu:tives ]J

z=parzeds=»
APE Science Plan
ELT-PLA-ESO-04601 -0001
Scope

==ohjective=»=
Objectives
Id="0"
Text="The ohjectives of APE."

i

Diagram name | Ohjectives

Author

peukert
Creation date 217108 11:08 AM
Modification date | 6/4/08 2:16 PM

==ohbjectives=
TestPhasingSensors

==ohjectives=
ApplicabilityForELT

==objectives=
EvaluationEnvironment

ld="0C1"
Text=

"“Werify and test different
phasing sensors and related
phasing control algaorithms"

l[d="02"
Text=

"Determine scalability and applicahility of the
developed phasing algorithms and segmented
telescope active control scheme foran ELT"

[d="058"

Text="The evaluation shall
he carried outin the
lahoratory and on sky "

APE_Project_Content

==ohjective==
Integration

ld="03"

Text="Integrate phasing wavefront
sensors into a global scheme of
segmented telescope active control”

==0objectives:=
ImageQuality

[ ="C4"
Text=

"Study the effect of phasing on
the telescope image guality”
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Presentation Notes
The major challenge for SysML is to add value for systems engineering of interdisciplinary projects. For the demonstration of the feasibility of using SysML during the systems engineering process of real-world complex systems, such a system shall be modeled. APE, a project of ESO, is chosen as a case study which fulfills these aspects.

The main objectives of APE are shown in a requirements diagram.

Why are we modeling requirements and not only use DOORS? Benefit of modeling requirements are: 
One central repository for system engineering. 
Visualization of key requirements
Clustering of coherent requirements (use cases)
Visualization key requirements impact on design and test
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Content Diagram APE_Project [ APE_Project_Content ]J
APE Project Ohjec‘tivesl Diagram name | APE_Project_Content
E Objectives Author rkarhan
Creation date 5/5/08 12:54 PM
T Modification date | 6/4/08 2:53 PM
|
|
APE Behaviourl APE Datal APE Performam:el épls Eequ;rementsl APE Veriﬁcationl
5 ationales
7 WavefrontControl | |F5 APEDataModel | |F5 OpticalErrorBudget e iremonts E 'llz'z;‘lriysl‘:!ems
3 Problems _ P
! A £ User requirements
| / ’
P
| / - 7 - - |
/ re o -
APE Structure' , s = P |
£ ActiveSegmentedMirror . £ -7 _ - |
= APE , - - |
B ZEUS o - - APE Cuntextl s
1 PYPS - -
— £ Actors
£ DIPSI |~ -
_ - 1 Problems
£ SHARS - 1 ExternalSystems
SO oMEChanicalBenchy £ InterfaceSpecifications
E7lmagingCamera P
£7GuidingCamera |
£ ControlSystem
£ InternalMetrology p——
= APEContext
APE ~
N
~
Y ~
I \ ~
N h ==system context== ==system context==
4“{_'- ~
Sl EMEREE A Y TelescopeContext LaboratoryContext
ParisCatalogue ==profile== =amadelLibrary== — ==
£ TCCD SEZProfile TelescopeValueTypes) - Siteanor maps”
£ CPUs Laboratory
£ InterfaceTypes YLTCortroMode!
£ FlowSpecs
E3 Motors
[ CANdevices
[ Cables
£1 PhysicalMedia
£ ElectronicCabinets
B3 LCU Crates
E7 AlignmentUnitBeacon
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Presentation Notes
The Project Content diagram shows all different aspects and models needed to describe a system.

APE, as any complex system, has a large number of functional, performance, physical and interface requirements which have to be satisfied. This implies the need for a professional requirements engineering and management during the project. This is the first application of SysML during the development. 
APE has about 50 high-level system requirements. The control system has also about 50 requirements, complemented by 150 Use Cases.

APE consists of various elements, like wheels, translation stages, lenses, detectors, (segmented) mirrors, light sources, an interferometer, sensors and actuators (19 small axes, 10 TCCDs, 11 other devices, 183 actuators for segmented mirror). The control system alone consists of 12 computing nodes. These elements offer all kinds of optical, mechanical, electronic and software interfaces, both system internal and external to other systems. Their management alone is very challenging for the systems engineering team. Besides these challenges, which apply for many complex systems, APE has some other aspects: 

The most noticeable challenge of APE is the highly demanding optical layout, which is a unique challenge for every optical system. The highly sensitive system requires a consistent coordinate system of the various parts to ensure a correct optical path. Apart from this it also challenges the control, since there are several open and closed loop systems required. A significant amount of data is produced by image processing data flows. Since APE will be deployed in the lab and in an already existing telescope, slightly different functional aspects are active depending on the deployment mode. Therefore different interfaces to existing systems are needed. 
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* Provide examples of SysML, common modelling problems
and approaches:

=» Build a comprehensive model of the system APE and additional
supporting models as elaborate example for all three aspects

* Provide guidelines for modelling a system with SysML
resulting from experiences during project

=» Establish a modelling FAQ to support consistent modelling results
(for this and future projects)

 Demonstrate that SysML is an effective means to define
common concepts

 Demonstrate that a SysML model enhances traceability
What have we been able to achieve?
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  Provide examples of SysML, common modelling problems and approaches
  Build a comprehensive model which serves as the basis for providing different views to different engineering aspects (e.g. system, logical, mechanical, control) and subsequent activities of analysis and design alike.
  Demonstrate that SysML is an effective means to define common concepts (requirement types, interfaces, relationships, etc).
  Demonstrate that a SysML model enhances traceability between requirements, design and verification/validation. 

The actual benefit for the APE project is an improved documentation by using diagrams in new releases of documents, related papers and presentations for clearer communication.


% Deliverables: N
€ Modelling FAQ

 (Exemplary) content of modelling FAQ:
— Identification of necessary system models, aspects and views

— Guidelines for the use of modelling elements (e.g. use of ports
and flows)

— Guidelines for interface modelling

— Allocation strategies

— Guidelines for modeling the system structure

— Guidelines for the definition of system hierarchies

— Heuristics for using requirements relationships (e.g. derive, refine)

— Naming conventions for modelling elements (e.g. diagram names,
block names)

— Style and layout issues

||||||| I3
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Presentation Notes
A modeling FAQ which answers questions that turned up during the project. 
Guidelines for the use of ports and flows for various types of interfaces 
Allocation strategies. What can be allocated to what and how? 
Guidelines for the definition of system hierarchies: 
e.g. differentiation between logically grouped (sub)systems with abstract interfaces VS. concrete components with real interfaces 
e.g. modeling of connectors crossing several levels of a system hierarchy 
Heuristics for using the requirements relationships. They are not defined in a mathematical sense and their application is sometimes not clear. 
Naming conventions 
A scalable model structure and organization defining requirements, structure with interfaces and behavior. 
An analysis model, using parametrics 

The FAQ is extracted from the blog of activities, decisions and discussions which occurred during modeling.



% Deliverables: ”@)SE
MC System model e

e Three major model parts:
— Actual system model: APE (with all mentioned system aspects)
— Catalogue model: standard parts, library of block prototypes
— Modelling profile: additional stereotypes
e Main characteristics:
— Scalable model structure and organisation
— Includes model annotations, external references
— Various examples of ports and flows to model interfaces
* Abstraction levels
— Functional, Structural, Deployment

* Preliminary results are available at mbse.sysmod.de
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The project is modeled in different aspects, each serving a particular purpose:
Requirements, Context, Structure, Behavior, Data, Verification and Performance

This very same structure is recursively used for all its major sub systems which allows rather self-contained packages covering all aspects.
This is in particular important for sub-contracting complete sub systems and organize the system development.

The Context defines the scope of the system and its interfaces with its environment.

Requirements for each sub-system are derived from system requirements, which refine user requirements which in turn are traced to Objectives.

The Structure is organized according to the product tree.
As interface are the basic element of an architecture it is very important to have a reduced picture of an interface (not only a CAD drawing).
A significant effort was spent to define different variants, depending on the modeling goal.
In particular the consistent modeling of logical, mechanical interfaces and their related flows.

Often the parts of a system come from some kind of catalogue (like motors, connectors, etc.) which are used to build the system.
They might have different usages in different contexts.

Domain specific value types are defined in a separate package.

New Modeling elements (stereotypes) are kept in a separate profile for re-use.

Behavior is mainly described with activity diagrams where call-behavior actions are used at every abstraction level of the system.

In general there are only 2 abstraction levels – functional and structure and allocating function to structure.
No explicit logical structure is needed – the functional view is sufficient.
The same applies for control system but there exists an additional deployment level for allocation of SW components to HW components.

For the Performance model only a concept for modeling the optical error budget is ready. It is to be completed.


http://www.myway.de/mbse

Solution: -
€ System model

ibd [System Context] TelescopeContext [ Telescopecamenj\emncal ]J

Diagram name | TelescopeContext_Electrical
Author rkarban

Creation date 2/13i08 7:28 AM
E | f Modification date [ 5/11/08 8:59 FM

scp: YLT-SPE-ES0-10000-0013  scp: YLT-SPE-ES0-10000-0013

<<systems> ==exdernal== =
Systel I l CO ntext : APE =it utd : UnitTelescope
==hlock=> =
apecs : ControlSystem __F - PawerdIOVAC
L —1
e ssblock>> SCP-3 phass sacket
m;m:cahinetg misc : Cabinet ’1: lectrical-> 7
/
B | / £ SCP Part
=sens : Cabinet 7
\
Yy SCP-1-phase-zacket

3

==comment== SCP-1-phase-socket

The cahinet is connected to ~ -

SCP Part & which provides & 3-

phase socket and 400 AC I I l O e I n

Al interface types are modeled <=block=> =

with ports 15-H-B : SCP Part B

= | approaches for
s L n: 5Cl lingFluidFemale
<emechanical== & <
J‘L a=hlnck=» = -
. out : Caolant  [<—) : 5Cl ingFluidMale
==thechanicals=s
<=glecrical=> | scomment=»
==hlack==
e connect i =
directly to the port © i Compresseddit [+ Liroutiet : SCPSelfSealingAirFemale ‘
of & deeply nested
structure to avaid
cluttering with /
complex ports
15-M-B : SCP Part C
. =sjunption==
~

==hlock== =
15-H-C : SCP Part C

- L

lan - Ethernet_fs

==comment=»
The type of the port is the same
as the one of the part property.
4 junction steredtype is used to
inciicate that the connection is
forvwarded to something internal

pl: SCP-FO-conectar-bayonet [24]

TelescopeContext_Views

APE_Project_Content
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The System context is modelled using IBDs. Our main focus is on system interfaces.
Three different possibilities are shown to model an interface
 Combination of mechanical and flow interface at block level (Model physical and logical properties at border of block without opening it.)
 Mechanical and flow interface at part level
 Mechanical and flow interface at block and part level.
 Abstract interface representing and ICD (using standard ports).

Problem is ensuring consistency between ICD document and the model which is used to create the ICD.




System model:

B € High Level Structure

International

SE

Council on Systems Engineering

Example for system structure: “Product tree” of Opto-Mechanical Bench

bad [Packags] OMB_Siructure| ] OptokechanicalBench_ProductTres ]J

=<hlock==

OptoMechanicalBench

Diagram name

OptoMechanicalBench_ProductTres

Author

rkarban

Creation date

2013108 7:49 AM

Modification date

6/6/08 10:16 AM

T T T
T T 'Sl
- Iy - -l -apndf ==‘b\ k==
==blocke= <<block== =<blacks= =<block== <hlock=s <blockes B a1
FoldingMirror L 1 i FoldingMirrort CalibrationUnit HeutralDensityFilterwWheel <block=
pats LensGroupd
© TipTikhirror
o g ambp oarabblica : FigliSelContraller
g4 -apcfw
==block-r <block=> ==block=> ==block-»
LensGroupd | |LensGroup? SecondaryMirroristonPlateWheel fiRsoc>> aioct-> OffAxisParabolicMi —clummiASH
ensGroup: ensGroup: econdaryMirrorPistonPlateWheel s s e xisParabolichirror i i

APE_Structure_Content

APE_Project_Content

OMB_Content

irror

-conder
==hlock=»
OMBCover
-fo
<=hlocke= -det
FocusingStage ==hiock==
pans Derotator
TranslationTakle
=
==hlock=>
SupportStructare
==hlock== ==hlock==

ucture ucture
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Presentation Notes
Complex models tend to become very quick confusing. 
A good model structure is the key to keep the model understandable. 
Our structure is based on product tree. The product tree is defined by a BDD.


%I System model: IN@ COSE
.. Detalled Structure &

o [System] AFE[ [y AFE_Optcal |

uuuuu

| Awinor peukert
Creation date 208 11.21

21 AM
33 PM

| Example for refined system
| e ) el structure:
=) e “Optical view of APE”

s HT
l q%{_im oo IJ[ ‘bﬁﬁ[

awnbfird : FoldivgMirros oy I.Mnup! wl LMW

s = =
| ——
2 =k ‘%J Eia

bl
"j;"m i llior s
‘..,..,:'?".ﬁ“:e._.ﬂ e |....,.,,,.,s

B

APL_Projoct_Cotent APE_SUcture_Content
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Presentation Notes
A model is much more than just a couple of diagrams. A model consists of multiple views showing different aspects of the system that are interconnected.
The same components can be connected in different views in different ways. This diagrams shows the optical layout in an abstract manner.


M € Behavior

M System model:

IN| COSE

lntcrnallonal Council o
N
‘Q-

3

Systems Engineering
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DR st e S 1O

Example for
system behavior:
“Activity”
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Presentation Notes
The model shows at the same time the physical effect of a system (like distortion of wave front) as well as sensing, actuating actions and control flows.


Catalogue model: CosE
< Abstract types

pkg [Package] InterfaceTypes [ InterfacesT\,fpes_Content ]J

Example for Ca-talogue Diagram name | InterfacesTypes_Content

Authar rkarban
==hlock==
Jterface Type Creation date 511008 6:41 PM
vaits Modification date | 6/5/08 11:52 AM

gender ; gender = female
supplier : String = undefined
applicableStandard : String = undefined

fT\

| [ . A

A|rCl1nnec‘tDr DataTrarsportation Mechanical Connector
4 ==hlocks== <<b|00k_>’ ==hlock==
AfrConnactor DataTransportationinterface MbchanicalConnector

[ . [ [

ElectricP owprSupply FluidCopnector OpticalConnector
==hlock== ==hlock== ==hlock==
ElactricPowetSupply FinidCokhector OpticaiConnactor

PartsCatalogue_Content APE_Project_Content
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Abstract types are used as place holder for specific building blocks. They are classified in different packages.



Catalogue model:

INCOSE
B € Concrete types

International Council on Systems Engineering,

Exam I e fO r bdd [Package] ElectricPowerSupply [ @ ElectricPovwerSupply _Content ]J
p Diagram name |ElectricPowerSupply_Content
Catal O g u e : ==hlock==

e Type Author rkarban
P Creation date 5M11/08 6:31 PM
gender ; gender = female - - i
Power Su pply Bl ole Modification dats | 6/5/08 11:53 Al

applicableStandard : String = undefined

Interfaces
A referenced
standard is
defined az a value
==hlock== aﬂribu{e of type
ElactricPowerSupply atring
I
i /
!
li
==hlock== / ==hlock==
3-phase socket I 1-phase socket

values values
applicableStandard : String = HD 196 51 (1978)EC 30XCEE-&l 1 F{redefines a;:upIic:al:uleS'(andard}Jl applicableStandard ; String = CEE-el 74 [Schuko){redefines applicableStandard}

APE_Project_Content PartsCatalogue_Content InterfacesTypes_Content
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Catalogues can be easily extended by using inheritance. Furthermore the preliminary design of a system can work with an abstract type (when the detailed requirements are yet unknown) and decide later which specific type to use for the implementation.

Standards are defined by value properties which can be redefined.


Catalogue model. CosE
€ Type usage

bdd [Package] MME [ [£Z]MvME_CPU_Cortert ]J

Diagram name | MYME_CPL_Content

Example for Author rkarban

Creation date 2J26/08 8:00 AM

Cata.logue: Madification date | 6/5/08 11:54 AM
CPU types and -
different flow port L

. model variants of

assignments a plenoder or

any kind of CPLU.
]

|
| conzole : RS232_fz tyCol | RS232_fayCo3: R52352_ 1=
» A A

) |- A LT ¥
! ;1 e m

==glectronice==
==hlack==

MVYME27T00

backPlane1 : DIN42nnn 96 pin MYME male p1  backPlane2 : DIN42nnn 96 pin bYME male p2

I bus24M6 : WME_fz hus32i52  WMET _fs de: Ethermet_fs tyCo2: RE232_1=
|

| ==hlock=>

==hlock== MNWE CPU
==glectronics==
cpy £ rail . WWE_Rail_mif
rail : %ME_Rail_mif
eth: Ethernet_fs

"
==glectronice== geizc : RJ45 female MyME
==hlock==
MVYMEG100
backplanel : DIN42nnn 96 pin MYMWE male o backplane? : DIN42nnn 96 pin MYME male p2
] |

bus24M 6 WRE_T bus32E2  WhE] f
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Different use of parts in different contexts (different items flow over the same type of connector). Here a 96 pin connector has a different assignment.
A generic connector gets a different context specific assignment by inheritance. For each specific assignment a separate specialization is needed.



Example for a complex
catalogue part, a TCCD

Catalogue model:
B € Assembling the pieces

ibd [Block] TCCDSystem_Exzample [ el TCCDSystem_Example ]J

International Council on Systems Engineering,

Diagram name | TCCDSystem_Example

Author rkarban

Creation date 3/5/0B10:55 PM

Modification date | 6/5/08 11.56 AM

coolingSupply : TCCDCoolingConnectorSupply  coolingReturn : TCCOCoolingConnectorReturn

I Coolant —

|

==hlocks==
==electronics==

cedzeus : CCD57-10

maurt

g

chip¥

==Lnit== ==Unit== [
chipX : Pixel = 512

toleftPCE -~ FCCDLefiPCE
left : TCCDHeadcablzd right : F&DHeadcable |—

taCortraller - ITT Jannon 204315

toHead - ITT Cannon 2DASTP

==hlock==

: TCCDArcCable1

=<lnit== ]
length : Meter = 2

toController L DESZ | | /

toHead1 : DB3

headcaby/z : TCCDArcCahle2

taController : TCCDTT Cannon 2DASTP

==comment==
These are

- - alternative

T |modeling schemes.
One macel the
cable explicily, the
other uses an
association block

rail : WME_Rail_mit

==clectronics==
==hlock==

lapzeu : MYME2700
console : RE232_fs

backPlane? -
¥

backPlang! : DINd2nnn 96 pin MWVME male p1

DIN42nnn 96 pin MYME male p2

==hlock== ~
==electronics== =] = .
: TCCDController mount”
~
-
~
-~
-~
-~
=<hlocks= = - ==comment==
R - Property specific
AIECONBsE T |values cannot be
defaultValue assigned on types
==hlock== = gender=male - - _ S;ﬁ,ﬂi;?:;hey
bus - FFMG ARCES supplier="mySupplier" oroperty
They can only be

defined for part
properties.

iMie cannot specify
teh gender of a
port with it.

==COmment==
Wi overtride the
ender default
which is female
with male, using &
propertyspecifictyp
i
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Model cables using blocks or association blocks.
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Completeness of traceability can be checked by automatically creating dependency matrices.


B Solution: -~ N

B vodenng profie G

package SE2Profile[ SE2PrUfiIe_Defir|il\Ur| U

Example for SE*2 profile: o [

peukert

Creation date 20081117 AM

Modification date | 6/5/08 2:43 PM

==stereotype== fmi] ==stereotypes= =]
Requirement Block <=COmMment==
[Class) [Class] Al general
thodeling

~Text : String [1] = -isEncapsulsted : Boolean sterectypes are
Il : String [1] = defined in a
-Merived : Reguirement [*] separste packsge
-IDerivedFrom | Reguirement [*]

-I=atisfiedBy : MamedElement [*]
-RefinedBy : MamedElement [*]

-MracedTo : NamedElement [*] ==stereatypes= ==atereotypes=
-MerifiedBy | NamedElzment [*] software electronics
-Master : Reguirement [Class] [Class]
==sterectype==
objective
[Class]
==enumeration== ==stereotypes= ==stereotypes= ==stereotypes= ==stereotypes=
gender GlossaryEntry designReq electronics icd
e [Class] [Abstraction) [Class] [Connector]
female
==sterectype== ==sterectype== ==sterectype== ==sterectype== ==stereatypes=
parsed objective thermal ICD Junction
[Commert] [Cla=s] [Comnector] [DataType] [Port]
castereatypes= castereatypes= zastereatypes= zastereatypes= zestereatypes=
optical logical performance Issue mechanical
[Connectar] [Connectar] [Cla=s] [Commert] [Cannectar]

APE_Project_Content
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Presentation Notes
The SE^2 profile extends the SysML by adding stereotypes for different connectors (optical, mechanical), specific block types (Software, Electronics).


%l

« Combining different aspects with Nested ports
« Variant modeling
* Property specific types

 Different types of interfaces like mechanical,
electrical, logical, interface based on a standard
document

 Reuse of association blocks

e Defining QoS

o Multi-layer abstraction (like ISO OSI model)
 Mapping activities to blocks

—~
= SysML challenges INCOSE



Presenter
Presentation Notes
Mapping of Pins/Parameters of Actions/Activities and Object nodes in activity diagrams to ports and item flows in IBDs:
It is unclear how they should be mapped properly. 
Is there a 1:1 mapping from object nodes to item flows and Pins to Ports? 





Challenge: b
€ Nested Ports

bdd [Package] TCCOHeadTypes [ @TCCDHeadTypes ]J

Diagram name |TCCDHeadTypes

Example for nested ports:

Creation date 2/23/08 11:00 AM

\ Modification date | 6/5/08 11:58 AM
\ toCortroller : ITT Cannon 204315

N toLeftPCE : TeCDLeftPCE toController : TCCD ITT Cannon 2DAZTR

oRightPCE | TCCDRightPCE
==Comment==
Far the connection - - .
to the lefPCE we - - lett : TCCDHeadcablel right : TOCDHeadcakle? + — — __|Forthe connector
model the cable to the rightPCE we
and define as type lE e model anly the
the CCDHead physical interface
TCCDHeadcablel valies hut nat the cable
housing : Millimeter
housingy : Millimeter
housingZ : Millimeter
mourt
1+ Coola coolingSupply © TCCDCoalingConnectorSupply [:l
|+ Coolart coolingReturn : TCCDCoolingConnectorReturn

I

==hlock==

==hlock==
==glectronica== CCDa7-20
CCD57-10
vales
valwes chipX : Pixel = 1024

chipk : Pixel = 512
chip’ : Pixel =512
pixelSize : Micrometer =13

chipy’ : Pixel = 1024
pixelSize : Micrometer =13

TCCD_Content PartsCatalogue_Content APE_Project_Content
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Presentation Notes
By using complex ports, the cable is a standard port with standard sub ports which represent both ends
of the cable. This is particular useful when a cable is permanently soldered to a chip, like here to a CCD head PCB.

Complex ports have proven to be very useful if different interface properties shall be shown at the same time:
 Mechanical interface and protocol (e.g. RJ45 and Ethernet)
 Different Assignments of Pins on a plug (96 VME pin has vendor specific pin assignments, like serial or Ethernet)
 Modeling interfaces and logical channels
 Bundling port types, like grouping all electrical flows into one port.
 Model cables using nested ports.




Challenge: Variant
B € modeling

INCOSE

International Council on Systems Engineering,

==zystem cortext==
APEContaxt

==zyatem context==
LaboratoryContext

Different contexts imply different
design

parts
D MAPS
. Laboratory
S WLTControlbodel

==zyatem context==
TelescopeContext

pants
: Sitebonitor

==hlock==
OptoMechanicalBench

i

==hlock==
SupportStracture

1.|.1

==hlock==
ActiveSupportStructure

==hlock==
PassiveSupportStructure
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Presentation Notes
Variant modeling:
There is an open issue with variants. APE has two variants, represented by different contexts (Lab and Telescope). Depending on the context different parts must be used which are deeply nested in the product tree (e.g. Support structure in the lab and support structure on the telescope). The problem is how to relate this information, i.e. how do you model that those parts are depending on the context? The current approach is to use inheritance and add a comment. But it is difficult to identify all variant depending parts. Maybe the SysML view could help? 



INCOSE

International Council on Systems Engineering,

Challenge: Property

B € specific types

toHead2 : TOCDDEST

toHead1 : DB
==hlack== —
==electronics=:= = -~ N
: TCCDController mourt”™ -
T,
d ot Bl r‘ﬂﬁ‘tﬂ"’l -
[— .
T
S
~ N
Ty
==hlock:== . ==C0mment==
: - Property specific
gE=0in 7 - . |values cannot he
defaultWalue {azsigned on types

gender=male

supplier="mysupplier

Electrical connectors with different

genders and suppliers

==Camment==

W averride the
gender defautt
which iz female
with male, using &
propertyspecifictyp
e

of ports since they
do not exist as
property.

They can only be
defined for part
properties.

\Wie cannot specify
the gender of a

poart swith it
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Presentation Notes
Properties, in particular value properties, need to have different values depending on the use. Especially when blocks are re-used (like catalog parts) certain properties need different values. Like gender of connectors, pressure of air, diameters of wheels and screws, etc.

Property specific types are very difficult to use because instances and default values have to be used. This has two major drawbacks: First it requires much manual  modeling work (too many clicks !). Second, it requires a manual consistency check if values have to be changed.

Property specific values cannot be assigned on types of ports since they do not exist as property.
They can only be defined for part properties. We cannot specify the gender of a port with it.




Challenge: Interfaces
B € specified by ICDs

ibd [System Context] TelescopeContesxt [ TalescnpeCnnte)d_Mechanical ]J

Diagram name

TelescopeContext_Mechanical

==hlock== o
: MainStructure

==hlock==
HA : HasmythPlatform

==hlock==
HB : HasmythPlatform

TelescopeContext_Views

APE_Context_Definition

Author rkarban
Creation date 2M3/08 7:27 AM
==gystems= E | |[Modification date | 6/6/08 10:05 AM
1 APE
: Engineer + o =
apecs : ControlSystem
F———— ==hlocks== ==hlock==
asm : Cabinet =ens : Cabinet
==hlock== ] []\17
misc : Cabinet astmythPlatiorm
==comments= ~
The cabinet is ==WalueTypes=
mechanically — = w : Weight = 100 ™
installed on the -~
Masmyth platform, ~
which iz the ==Comment=:=
!nterface for any [existing) ICDs are
instrument. - modeled with an
~ ==icd== "shatract" system
~ interface (flove port typed
~,  ==mechanical=s by & block). Far details
i RagmythPltiorm 3;;:‘;‘;?1' e gt
i
L
==external==
utd | UnitTelescope
nasthythPlatform

APE_Project_Content

SE

International Council on Systems Engineering,

\

ICD specifies the APE-Telescope
interface


Presenter
Presentation Notes
Standard ports (not flow ports!) are used to describe interfaces between system that are defined in an Interface Control Document.



Challenge: Re-use of | {cose
B association blocks @

==hlock== B
GeneralCable ==comment ==
This iz an azzocistion class

Cables in a part catalogue stereotyped biock to make i
an association block.

Inthe model t appears az a

Relation in the Cables

packages in "Relationz".

==hlock==  _ —{Thiz association block is an
TCCDArcCable2 - azzociation between these
- tweo block types. | canMOT
. £ be reuzed for another
length : Meter = 2 azsociation.
Only the aszociation and its
| blocks can be re-used.
==hlock== l ot
TCCDDB37? I
. TerDArECakle? TCCDITT Cannon 2DAJ1P
|
~=C~=Cb||:||:|-5j3=~3=r

N ',
Base Classifier= ElDB3T ==Comment==

An association block is a
specific association between
twwo types. it canMOT be reused.
cables modeled with associstion
blocks cannct be reused.

Reuse can only be achieved by
inheritance

AN



Presenter
Presentation Notes
This is an association class stereotyped block to make it an association block.
In the model it appears as a Relation in the Cables packages in "Relations".
This association block is an association between these two block types. It canNOT be reused for another association. Only the association and its blocks as a whole can be re-used. This also means that this block cannot exist without the association, which would not be true for many such blocks in real life (e.g. a cable can exist without being connected).

This means the same block (e.g. cable) cannot be used within the model to represent an electrical AND a mechanical connection between two blocks in two different diagrams.

N.B. Association between generalized blocks are not seen in their specializations.

An association block is a specific association between two types. Cables modeled with association blocks cannot be reused alone.
Reuse can only be achieved by inheritance.





Challenge: Re-use of  |\{cosE
< blocks

==hlack==
==glectronics==

LCUCrate

1'.|.'|.

==hlock== ==hlock== i~
2=electronicss= 2=electronics== O
LCUCrate dipsil CUCrate s
e d i y auxLCUCrate
parts _ pats e
lapzeu : MYMEZTOO lapdip : MYWMEZTOO lapaus: - MyME2700
==hlock=:= =blockes
e ==glectronice== {{hl':":k.}}
pypsLCUCrate shapsL CUCTate ==glectronics==
— P asmLCUCrate
lappypm : MyWMEZTO0{alocatedFrom = & paits parts
lappyis : MYMEZ700 MO0 | R N VES 100
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Presentation Notes
Reuse of block can only occur through inheritance. In this example for every crate configuration a separate block has to be created.
This blocks are then “instantiated” as part properties.
The LCUCrate block cannot be used as part property directly, adding CPU boards, because then ALL CPU boards would become a property of this block.


Challenge: CosE

€ Q0 and Alocation S

Quality of Service wil

{stream} " peasure ﬂﬂphﬂsinrﬁ i
wil |
==gllocates== . o "
I .
y

1 ot
I Nt 5
a7P0s © AxisPoSHER mcal p : Protocol -
1 ' end ! EnclosureFacade a IA_E_l

{clocked = false,
—allocatedFrom = a3

: jitter="0.01", - -
: Correct | ret latency = "0 1 | = Convert ptt to segment
{latency = "100Enclosure Follows Telescope 2 ggg;"::;i::gid [close loop] ) d movements i s
rate = "0.01"} :'ﬁ - P -
| =~ - ==C05==
encPos | AxisPosition - -
==Camment== [apen laop] s

Iz @05 here or in

the_a_lln:n:ated — d{blu:uzkb; — ] _ | ref can be

activity? . [ | | szcertralBuffer== | — — |provided manually

B T - reference or from sensor



Presenter
Presentation Notes
Defining QoS:
How/Where should we define QoS of flows, in particular data flows? 

On the Pin, Parameter, Parameter node or on the flow port?

The type of a flow port (be it atomic or not) defines what flows over it. How/Where shall we define e.g. synchronization, latency, jitter, throughput? 
They look more like requirements on the design, satisfied by QoS of a certain implementation, like DDS, CORBA. 
They are usually derived requirements from a higher level activity diagram. 
How shall it be related? 

N.B.: the two diagrams come from different examples and are not consistent.



Challenge:

B € Multi-layer allocation

INCOSE

International Council on Systems Engineering,

Example for
variations on
allocation

ibd [Block] EnclosureFacade [ EnclnsureFacade ]J

azPosz : AxisPosition

| ==allocate==
S

Diagram name

EnclosureFacade

: EnclosureControl

Author

rkarban

m_consumerAzPos : nc:SimpleConsumer |

-
B-—-—=-—— - -mp:CORBA
I

Creation date

5/28/08 1:40 PM

Madification date

5/29/08 117 PM

==comment==
Alternative 1 by

relaying & logical
complex port to &
concrete internsl
ane.

was allocated by
the logical flow

|
| ~ T e —
S
| ~
.
! .
<<allqcate>> -~
| ==comment==
| Alternative 3 by
allocating a logical
| flowey to & concrete
| internal port
|
L~ _ 1
l‘:_pQ:F‘ru:ltocol
7 .
- ~
-
-
-| ==comment==
p‘l_ Protocal Arterljative 2 by
: relaying a simple
L'[l logical part which
a | AxisPosition
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Presentation Notes
Multi-layer abstraction based on ISO OSI:
Allocating a flow port (logical) to standard port (representing the abstract protocol) and internally allocating it to a concrete protocol
Using complex ports to represent logical flow using a protocol

ISO OSI
 Physical layer (electrical and physical specifications for devices, layout of pins, voltages, cable specifications, Hubs, repeaters, etc.) 
 Data Link layer (functional and procedural means to transfer data between network entities) 
 Network layer (functional and procedural means of transferring variable length data sequences from a source to a destination via one or more networks) 
 Transport layer (tcp, udp) 
 Session layer 
 Presentation layer 
 Application layer (CORBA, DDS) 




% Challenge: ook
€ The Tool

 Formal implementation of standards
 Navigation through the model
* Printer size friendly diagrams

e Tables and matrices as input and output
medium

e Support
 Documentation, Examples
* Performance


Presenter
Presentation Notes
More formality avoids wrong application of SysML and would kill unambiguous communication of information.

Navigation:
There is an open issue about navigation to the different views of a block (mechanical, optical, ...). Each view is represented by an IBD.
Different views exist for the same block i.e. IBDs for optical, mechanical, etc.

What’s the best way to see that a block has different views and to navigate there?



% Configuration -

 SVN repository for native model files

o Partial packaging of (system) model segments into
separate modules (=files)

=>» Only partially successful, some arising consistency
problems

o Trial of Teamwork Server

=>» Inflexible integration with SVN

=>Not tested enough yet to give conclusion
=> Very tool dependent

Find out who changes what, where and when?



Presenter
Presentation Notes
Difficulties in tracing changes on element level. In MD only by model comparison.
Would be nice to have a track changes system like in Word processors.


=

W Tools and environment NGORE

 MagicDraw 15.1, SysML plugin 15.1

e Subversion, MD Team work server
 Windows PC

o Wiki for team communication

« E-Mail, phone and face to face meetings

e Limited time resources of all team
members



| -
Any other business INCOSE

o
M C

« MBSE practices used
— 6 system views [Maier, Rechtin]
« Degree of execution
— No such modeling tool capability
— No need for risk reduction
 Model interchange capabillities
— Not tried
e Training material
— Navigable online model
— List of Frequently Asked Questions



Presenter
Presentation Notes
Executable model reduce risk in early phases of the project. The main task for SE^2 is reverse engineering risk  reduction is not an issue.


(cc

W MBSE metrics INCOSE

 Resource usage (1.12.2007 — 9.6.2008)

— four persons
— about 60h administration
—about 150h modeling

 Model
— about 13000 model elements
—about 700 symbols
— about 150 diagrams



BIM MBSE findings, issues, N

M € and recommendations

Moae
Moae

MOC

e

International Council on Systems Engineering,

INg mentor
INg recipes
Ing task force

Guidelines for modeling - templates
Guidelines for application of the tool
Layout standards

Model only as much as needed to
understand the system


Presenter
Presentation Notes

A modeling mentor is indispensible

Define modeling recipe for particular problem

Task force creates a first base line

Establish modeling guidelines (FAQ), otherwise you get only a set of inconsistent diagrams and enforce them by templates built-into the tool.

Setup guidelines for application of the tool

Layout standards: Integration in documents and visualization on screen becomes difficult without layout standards, like a maximum diagram size (e.g. A4).

Model only as much as needed to understand the system. Modeling is not an end in itself!



?! Plan forward INCOSE
 Elaborate linking among different aspects

 Add more and more details in depth
(system, subsystem, assembly, ...)

e Logical vs. Physical hierarchies
« Multi-layer allocations, QoS, Reuse

e Transition SysML -> UML for software
Intensive systems


Presenter
Presentation Notes
 Logical vs. Physical hierarchies

There is an ongoing discussion about using the composition relationship for logical and/or physical hierarchies.
The composition relationship is mostly used to model a physical hierarchy, not a logical hierarchy.
e.g. is a cable in a crate part of the crate or not?

Different views are very helpful to understand the way the system works. For example Internal Metrology: PhaseModulator and SignalDecoder are much more logical subsystems residing in the physical crate. They are modeled it according to this logical decomposition and therefore there are interfaces between PhaseModulator and SignalDecoder. From a physical point of view these interfaces may seem very "strange", because the light beam just runs through a number of mirrors.

All this might be related to the re-use problem, mentioned in previous slides.

 Elaborate linking among different aspects: requirements, structure, verification, data model and behavior

 Add more and more details in depth (system, subsystem, assembly, …)

 Transition SysML -> UML: find the best way to map a SysML block, representing SW to one or more classes, components.





o Sandy Friedenthal
e Dr. Darren Kelly
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