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Rudolf is principal consultant and responsible for
aerospace and defense at HOOD Group Germany’s
leading requirements management consulting company.

He takes care for all requirements modeling activities at
HOOD Group.

Rudolf has over 15 years of experience in modeling in
many large projects, trained SysML and UML methods and
published many articles and conference presentations.

He is OCSMP certified system modeling professional.
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m What is the SE*2 Challenge project about?
m Requirements Engineering and Modeling - Motivation
m Examples for Specification by Modeling
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About SE"2

m Collaboration between European Southern Observatory (ESO) and
German Chapter of INCOSE (GfSE)
m Access to high-tech project: Active Phasing Experiment (APE).
m The team members are:
m Robert Karban (ESO)
m Tim Weilkiens (oose GmbH)

m Dr. Rudolf Hauber
(HOOD Group)

m Rainer Diekmann

m Michele Zamparelli (ESO)

m Andreas Hein (TU Munich)
m Former members:

m  Andreas Peukert (TU Munich)
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ESO

Non-profit Intergovernmental European Organisation for
Astronomical Research in the Southern Hemisphere

http://www.eso.org

Headquarters in Munich, Germany, 3 Observatories in Chile

Mission statement

Build and operate world class
ground based astronomical facilities
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ESQO'’s sites
" (2600 m)
" (2400 m)
" (5000 m)

Paranal

La Silla
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ESO major projects

Very Large Telescope (VLT)

Started 1988, in operation since
1999

s

f
N 7
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@
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Atacama Large Millimeter Array

(ALMA)

7 Europe-US-Japan
& Started 1998, installation starting

now

Images on this slide were produced by ESO
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10000 tons of steel and glass

- 42m segmented primary mirror

- 20000 actuators, 1000 mirrors

- 50000 I/O points, 700Gflops/s,
17Gbyte/s

- Many distributed control loops

- Use MBSE/SysML to model the control

system since 2008
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What is the challenge project about?

m System case study (since 2007)
= APE technology demonstrator for future
Extremely Large Telescope (ELT)
®m High-Tech interdisciplinary opto-
mechatronical system in operation at
Paranal observatory
m Goals

= Create modeling guidelines and
conventions for all system aspects,
hierarchy levels, and views

= Create fully fledged SysML model

= Documented at
http://mbse.gfse.de
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%‘ EUROPEAN SOUTHERN OBSERVATORY
—— VERY LARGE TELESCOPE ——

FRONT VIEW (Section)
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APE was installed at telescope in
Atacama desert, Chile.

Images on this slide were produced by ESO
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Installation on the
platform of the
telescope
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5

= APE model (re-engineering)

m Guidelines and best practices: MBSE
Cookbook

= Model structure and overview
m Objectives and Requirements
m Context, System Structure
m Behavior and Data
m Verification
m Model library and SE Profile
m Plug-in for modeling tool
= Input for tool vendor and SysML RTF

What have we
achieved?
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The difference between and System Requirements:

7. Customer Requwements SpeC|f|cat|on

System Requwements /
I/I/[J’/tl”rrz:’/z////”
& Customer Language

ey e e e —
| |
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Requirements Definition - Process
Scope Released
Input Requirements Requirements
Traced to
Source
Structure
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Modelina supports all Requirements Definition

Model /derive  EERTJVRE[UIEINIENT
] Specification

Feedback.-”

o"
-

derive

e
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Why Modeling requirements?

= 100s of textual requirements and their dependencies are hard to understand
m Abstract representation can un-cover hidden inconsistencies/problems
= Formulating precise, context-free, and understandable textual requirements is hard
= Modeling is well-tried to specify specific aspects (formal language, intuitive notation)
m Different aspects can be consistently related in the model
Operatjgnal 2o\ Bl B
View | G
| Do you expectiy s vier
Functionak:
View = "

equirements

aplan? o3,

| A View
. . i Data
Logical View Safety/Securlty _
View View
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System Specification, Test Specification

m What has To Be Specified?

= Organizational context
= System functions Re[fuyif;em";ms
. - to usage
m  System quality B
= System interfaces System
Design System
L SyStem data integration
. SW/HW
= System behavior qui
. . Analysis
m  System communication
SW / HW SW/HW
= HW elements Analysis & integration
Design
| Impact on SW implementation/
HW production
= Test Concept
m Test Cases
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1. Clear defined terms - Ontology

‘ SysML View |

‘E Requirements Aspect

fallocatedTo = Requitements Aspact)

-name = <ContainngNameSpace>_Requirements

Context Aspect

-name = <Contalr _Context

Behavior Aspect

|-nzirr|e = =ContaininghameSpace= Behavior

Verification Aspect
{allocatedTo = Verification Aspect)

-niame = <ContainingameSpace=_Verification

| Performance Aspect

|-nzirr|e = =ContaininghameSpace=_Performance

Structure Aspect
{allocatedTo = Structure Aspect)

-niame = <ContaininghameSpace=_Structure

Variations Aspect
{allocatedTo = Variations Aspect)

-niame = <ContainingNameSpace=_\ariations

| Data Aspect

|-nﬁme = =ContaininghameSpace=_Data
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R BysML [2yshL Profile, mdzip)
SHEMOD

B3-S APE «System Models

& Relations

F _APE_Comments «Comments»

E] _APE_Drawings «Drawingss

B _APE_Errors

B _APE_External «Externab

B _APE_Issues slssues»

B _APE_Parsed «Parseds

B _APE_Pictures <Pictures»

B3 _APE_Problems «Problemss

Eo _APE_Rationales «Rationaless

1. E] APE_Biehaviour «Behavior Aspects

R B APE_Conkext #Conkext Aspects
APE_Data «Data Aspect»

APE_Items «System Itemss

B0 WPE_Performance «Performance Aspects
1 APE_Requirements «Requirements Aspects
1 APE_Structure «3tructure Aspects
0 APE_Traceability «Madel Traceability:
0 APE_Wariations «Variations Aspects
1 APE_Werification «verification Aspects
B APE_Wisws «System Viewss
APE_Conkent «ContentDiagrams
APE_Project_Content «ConkentDiagrams
g Code engineeting sets
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m What is the SE*2 Challenge project about?
m Requirements Engineering and Modeling - Motivation

m Examples for Specification by Modeling
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Project Goals

m Which
organizational
benefit shall be
achieved?

m What are the
objectives for the
project?

m Which capabilities
shall be available?

m Which business
use cases exists?

m <<objective>>
Requirements

“CortertDiagrams
req [Package] Objectives| [ System Objectives_Content

Madifieation date

12191010:25
A

Last madifid by

“acives ] T
System Objectives ! e
= Reauire
g o . Y draces
Text="The abjectes of APE. P e s
Text="Roat rsquirsment
for al stakenolder
b rsquirements” system equitements:
oo S| e
v
TEZIRD 1d="01.3" ld="01.5" ld="5TKR1.7" Id="SR1.14"
Text="Verify and test Text=" [Text="The evaluation Text="Datermine the Sndy
raiss Shaibecamadoutintis | | masmum sagment [ e werere i
algorithms® and on sky” eror which can be delivered to the PWFS
{elescops actve contrl scnems or measured SFaThe es e s
LT comeciad by the nm RMS over the entire.
its capture range" feldolview”
«objectives «objectives g
Integration ImageQuality |
Ja=ro1z fla=01.+ |
Text="Intsgrate phasing wavsfront [Text="Stuy ths sfect of hasing on
! |sensors into a global scheme of the telescope image quality" !
1 |ssgmented eisscops actve contror |
PESS— @ __ ! !
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System Use Case Identification

m Who interacts with the system?

= |dentify actors

® What he wants from the

system?

m identify system use cases
based on business processes

m System use cases very good

suited for

m specifying how actors benefit
from using the system

m deriving system test cases

<cuseCaselodels

scientist

~~ Perform Sequence of

< Stop currentaction

" Combir =
into ASM adjustments.
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|
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System Use Case Specification

® Whatis the
workflow of a use
case?

m Activities are
perfectly suited for
specification of
use cases!

STy o Woasaienart Lol 25 R et et Lo 1]

e G (T
[ttt [ramm |

=lol x|

I

APE Phasing Loop Control
v | guiue | omow |
T — . SubStete|  IDLE |
CurrentCycle| 1 | mirorwas flatfor last [ 0 |cycles
Master Sensors: tptit [DIPET |piston | ZEUS | focus [EHAPE |
Adive Sensors: SHAPST DIPSIE PYPST ZEUS/.

SETVASTER SENSORS | SET ACTIVE SENSORS |
L [T e H SHAPS M DIPSI
Piston  ZEUS — LPYPS W ZEUS
Focus  SHAPS —

Flat count: |3 SET.

ACaCS CNVWFA|  ONECOR|  STPWAT|
i Synchronize | CYCLAO | | SEGAO | gycles: [
Command Feedback Window _options

[13:38:13 SELNWES > INVOKED
13:38:13 SELNWFS > REFLY/ L OK
|

S

ol
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System Use Case Relations

m What are the
system states and
modes?

m State machines are
perfectly suited for
specification!

state machine Toplevel Behavior [ @Tup\evel Behavior ]J

PowerOn

& Cafbrating |

Madification date PM

111711 6:03

Last modified by

IM operational

PowerOff @

after (229mse:

measuring
segments position

InternalMetrology_Content
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e Pactage Verfcaortodel] [ WAPSTestysion TesCaseiodel]]

Modification date 1218110 10:42 AM

System Verification

= How shall the use -
cases be verified? e WS e vt

m E.g. show how the S0l | ——
system test concepts is T SO e

MAPS Test System d="
~ equremerts difierant posiions.”

affected BT e :
m SysML test cases for

3
S\ Turbulence generator /
1g=""

\ Text=" For each phase

IFe (:Bmmml) \ |asingle use case can refine screen 50 HASO !/ \
test case overview / b e B | e |

i tie: / <conmerts
e difierent positions.”

identification Loy

specifying
T requirements on testprocedures

berftype of tests to verify / lin order to accept the product.
e e s | PO
i el T

| requiremerts forthem

I

T

|

|

|

|

! [pie e ecuremerts it
| .V
|

|

|

|

!

|

|

|

\ v p ’
| 1 &
/ ,
N Test Caser vy g
[Test phase screen position B v
\ ()
ceryefiects
e ey R
ad cae <SystenRequiremerts
Test phase screen positionA | Tl idbies sierator
fhetest case sterectype | — S
i applied t an actity \ wverifys 6=
[dogram. T use case s Text="The atmospheric turbulences
realzed arecty by the \ shall be generated and simulated in
jactvty dagramwih | { b
Joppled 7
sty

(OwnedDiagram |
«diagram Test phass scrsen position A

i
[@ariort slemerts
MAPS
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System Use Case Verification

Event tree

m All test cases can be generated from activities/state machines
m Event chain tree containing all test cases
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System Use Cases: Non-Functional Aspects

. «element constraints
u Qua“ty par [System] APE[ [3 APE_BeamQualty_Constrsint ]J Modification date | 10/6/10 839 AM
Lastmadified hy |rkarban

beamin :
m Performance

pupilPositi :m=.1s.n|
= Security ot |
u Usablllty |heamﬂK:Bnnlean

m
m Tagged values and cconstaiis
. : CompareOpticalBeam ELT-SPE-ESO-04600-
beamOK = pupilPositionmAtEntry == pupilPositionAtExt, [~ {0001, issued, APE
parametrics il R
1 [T
pupilPost m

beamToSHAPS :

| focalRatio = 15

[ pupilPasition:m = 165

=
B
APE_ProductTree
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System Interface Identification

m |dentification of services using
black-box sequence diagrams
for use case scenarios

m |dentification of interfaces
m Context diagram with interfaces

Zeust CS_Cortro it Jﬁz;m;
N |

apwts }—m‘ <unctions .
%— T(:F\ System interface

WCS_Cortro it

|+ AsmServer 1 ’/*muﬁ . |
F’mmqmau?w‘;
~
¢
c.,.‘,...s,ﬂ,.,.,mm., Gotmoamean| |
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System Interface Specification

m Specify interfaces from
different aspects
= Mechanical
= Electrical
= Optical
> Internal Block Definition
diagrams can be used to
specify ICD

Presented at INCOSE MBSE Webinar February 2011 page 31
© 2011 by ESO, oose GmbH, TUM, Hood GmbH

Innovative Informafik
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System Interface Specification

e rsmn - ‘ [ e ‘

electrical interfaces

optical interfaces
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System Interface and Service Verificaton

intoracton Acqurs i Ansyze Coour sl s e o Anyzs Gl < 1]

22063
wodication dae 12

actual flow Specified
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m Black-box sequence diagrams can be directly used for system verification
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Innovative Informafik

2 oose.

Performance Specification

m Performance criteria can be specified, e.qg.
= by time constraints in sequence diagrams
= Time event in state charts

© 2011 by ESO, oose GmbH, TUM, Hood GmbH

[ A ate machine Topeve Saarer 5 Topeve Bevavor 1
A ‘ [ T | 30 Modication dats 111711 907
; = 1 | T | loop30sec
} } PRI
|
|
} 25m Sec) Poweroft
|
} (et )
|
|
| IternaMetrotogy_Content
|
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System Data Specification

bdd [Package] AP!

<DefintionDiagrams
EDatalodel [ [5F] APEDatablode|_Defintion |

® Which data must be provided, |

“ValieTypes
Measurement

handled and processed by use
cases / services?

m

‘ “ValueTypes

> Block Definition Diagram

«ValueTypes
Colorset

reconstructionType
correctionType
algorihmPoliey

colorsetElement I« G

wavefrontData |51
ValueTypes <ValueTypes <ValueTypes
|zeusc: imageData SegmentPosition

integrationTime : s{unt = second}
binning : Binning
wavelength - nmiurit = Nanometer }

T

«ValueTypes
DarkFrame

piston : nm{unt - Nanometer}
i : arcsee{unt = Arcsecond}
it arcsecfunt = Arcsecond]

ValueTypes
Binning

APE_Data_Content

Modification date ] 977110 1:12 PM
Lastmodified by| ]
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Physical properties

® Which physical properties are required?
» Tagged values can be used for non-functional requir

r

ements: weight, size, etc.

e -
Sesriy Oscugenet

I
e
R
e,

Comarsomesseun

focioe=ens)

— e e =
cotptem

F:,”.EL,..Z ]
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1012110 8:41
PM

par [Block] CaptureRangeAnalysis | [F] CaptureRangeAnalysis U
. Modification date
Constraints
|7: A;ECinm;nj‘ Last madified by
® Which physical
constraints must be | ETETET T
ensured?
> Parametric i s T
dlag rams berSteps lodel
| {coptureRange=wavelength"Zibandwicth,
mAcmrl‘cv m imitingStarMagritude =Analyz ebandwicth).
[ ml il
st
<<system>> Ape omb et wavelength  nm | | “ape.omb.apefw.cf.wavelength : nm ‘
APE ‘.ave.wmb.lvﬂw.:f.handwidlh:nm ‘ ‘-Blze.wmb.lvﬂw.uf.h-ndwidlh:nm ‘
values au wavelength2 : nm bbandwidtnz  rm
mass: kg = 5000 u = aconstraints =
ccrm1 : MultiWavelengthModel
bandwicth),
ement Accuracy<|wavelengthl - wavelength2 |,
o i)
[ 1 [ 0
Secans g SirHagritide
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Model based Specification — Best Practices

m Define purpose of model
= Only specification vs development
m Partial vs complete
m Consider who shall read the model
= Use appropriate model elements
m Define the deliverable of specification: Document vs model
m Test the acceptance of deliverable early
m Use model as communication platform with stakeholders
= [ntegrate all stakeholders
= Simplicity is key!
= Use easy to understand elements
m Use text-based requirement if there is no simple modelling construct
m Training
= Train stakeholders in understanding the model
> 10 minutes usually enough for every diagram type

Presented at INCOSE MBSE Webinar December 2010
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Live Demo of the Model
m Please fasten seatbelts - setting up the system...
m Check online at http://mbse.gfse.de/
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