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Introduction

« The SE”2 team Is a collaboration between the
European Southern Observatory (ESO) and the

SysML working group of the German Chapter of
INCOSE.

e ESO provides access to one of its high-tech
projects funded by the European Union.
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Problem statement - Object of case study

Active Phasing Experiment (APE)

« Validate wave front control concepts
« Four different types of sensors to be compared

« Optical, mechanical, electronic, software components and
Interfaces

e Multi-national/multi-institute collaboration with industrial
contracts

* Deployment in the lab and on sky

 Installation/Integration on existing telescope in the Atacama
desert (optical, mechanical and control system integration)

 Status: integrated in the lab, close to completion
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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. The Active Phasing Experiment (APE), a project of ESO, is chosen as a case study which fulfills these aspects.

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 technologies for a European Giant Optical Telescope (EGOT). 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.


E-ELT mechanical structure
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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).
The telescope is about 70m wide, where the primary mirror is 42m in diameter.


Segmented primary mirror
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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 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 nanometers.



Segmented Telescope Wavefront Control
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The wavefront 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.
The purpose of the APE project, which is part of the ELT Design Study, is to evaluate different phasing sensor technologies and to determine the most appropriate one for an E-ELT.


APE 3D View
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The picture shows a schematic view of the APE breadboard with the 4 different sensors under evaluation.

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.
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One of the block diagrams which should be converted into SysML.
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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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This is the view of the APE structure installed on the platform with the cabinets of the control system.


Design of APE sub-components
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APE contains various opto-mechanical elements, including the active segmented mirror, a derotator to derotate the field of view, filter wheels, lens groups and TCCDs.


Phasing Wave front Sensors
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The four sensors implement different strategies to determine the position of the segments.
The pictures show the mechanical 3-D views.


Control loop
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There are two main control loops (in total we have about 10).
One is a feedback loop between the Internal Metrology and the ASM positions.
The other is the feed back loop between the sensors and the ASM.
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The Internal metrology is produced with an industrial contract which requires special care when writing requirements and interface specifications.
It contains high-precision opto-mechanics, 4 cameras and a complex calibration and control strategy.
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The opto-mechanical bench which weighs about one ton, where the APE project is mounted.
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The cabinets contain all the electronics and computing nodes of the control system.
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The current status of APE in the lab.


Problem statement - Why using SysML?

« Large number of functional, performance, physical and
Interface requirements

 All kinds of optical, mechanical, electronic and software
Interfaces

« Highly demanding optical layout
 Significant amounts of data

 Different functional aspects active depending on the
deployment mode
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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. 
We believe that SysML will contribute significantly to tackle these challenges of APE. Another fact about the nature of the project seems important: Being a collaboration of institutes which are geographically distributed, this poses a further challenge on the systems engineering discipline. 



Problem statement - Goals |

The SE™2 manifesto

Provide the systems engineer the means to state the system problems
comprehensively, to ensure that all requirements for a system are
satisfied throughout the life cycle of the system and to develop a model
on the basis of which a real system can be built, developed or deployed

(i.e. design a system) (W. Wymore, Model-Based Systems
Engineering 1993)
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Problem statement - Goals I

The concrete SE”2 goals are:

e 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
and subsequent activities.

« Demonstrate that SysML is an effective means to define
common concepts.

e Demonstrate that a SysML model enhances traceability.
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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. 


Technical Approach Basics

e The approach to the problem is primarily top-
down.

e The approach is a rough guideline and not a solid
plan.

 |t's NOT a waterfall approach. It's an iterative
approach.

 The model shall include at least two abstraction
levels.
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The approach to the problem is primarily top-down. However some parts of the modeling will be done bottom-up. The approach is a rough guideline and not a solid plan. It will be dynamically adapted if we detect that there is a better way. It's NOT a waterfall approach. Even if the steps described below looks like a waterfall. It's an iterative approach. It's not necessary and not wanted to proceed only with the next step if the previous step is completed.

The model includes at least two abstraction levels throughout analysis and design, without technical solutions and with technical solutions



Technical Approach
Steps |

» Describe the objectives of the system and the
modelling

o Determine the requirements
» Describe the context of the system, I.e. it's actors
* Find the services of the systems, I.e. the use cases

* Model the use case control and object flows with
all important variants and exceptions
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Describe the objectives of the system and the modelling
Model elements: Requirements stereotyped with <<objective>> 
Determine the requirements
Break-down the requirements if necessary
Model at least two levels: User and system requirements
Model elements: SysML requirements and relationships 
Describe the context of the system, i.e. it's actors
Model elements: Block stereotyped with <<system>>, actors with stereotypes for categorisation purposes, e.g. sensor, actuator 
Find the services of the systems, i.e. the use cases
Model the relationship of the use cases the functional requirements
Model elements: Use cases and relationships 
Model the use case control and object flows with all important variants and exceptions
 Model elements: activities with all their related elements 



Technical Approach
Steps |1

» Define the domain values and blocks
 Derive a system design

» Describe system blocks behaviour

* Describe parametric model
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Define the domain values and blocks
Types of blocks used in the use case object flows, units of the domain
Model elements: Blocks, value types, units, dimensions, relationships 
Derive a system design
At least use two levels, emphasising technology independent and technology dependent perspectives as required by the problem statement.
Define the various interfaces among blocks.
Allocate requirements, use case control and objects flows to system blocks and item flows
Model elements: Blocks, composition, ports, connectors, item flows, roles 
Describe system blocks behaviour
State machines and activity diagrams are used to define physical processes and system behaviour
Model elements: State machines, activity diagrams and related elements 
Describe parametric model
Model elements: Constraint blocks, Parametric model


Expected deliverables |

Modelling FAQ

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

— Allocation strategies

— Guidelines for the definition of system hierarchies
Heuristics for using the requirements relationships
Naming conventions

Scalable model structure and organisation
Analysis model
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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 



Expected deliverables - Example
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Collaboration approach

o Constraints
— Participants are from different organisations
— Geographically widely distributed, very limited time available
— Different technological background, different interests
 Approach
— Set-up common online collaboration area, common repository
— Define common goals and objectives
— Small task force for the “constitution”
— Define available resources, schedule, tasks, results and priorities
— Define rather independent standalone tasks
— Organise regular workshops and telecons
— Establish online connection with a messenger service
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Setup common online collaboration area, i.e. twiki 
Setup common repository for created artifacts 
Define common goals and objectives 
Setup a basic structure, strategies and approach with a small task force 
Define available resources 
Define schedule, tasks, results and priorities 
Define rather independent standalone tasks, so that everybody can proceed without getting blocked 
Organize regular workshops where team members can see each other and can work together on a white board 
Organize frequent telecons to consolidate and synchronize progress 
Keep track of meeting results, minutes 
Ask for regular reports on progress 
Keep track of actions with online action item tracking (provided by twiki action tracker plugin) 
Establish online connection with a messenger service, e.g. yahoo, skype, etc. for "quick" discussions and to keep written protocols 



Intermediate results (problems)

o Context diagrams
* Model Structure

Their content is neither complete nor necessarily correct!
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Context diagrams |
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Context diagrams 11
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Context diagrams 111
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How is the interface of the telescope related to an assembly of a subsystem which actually ISrepresenting the port?


Context diagrams 1V
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The telescope infrastructure provides Service connection points (SCP) which provide electricity, coolant, lan connection, interlock mechanisms and time reference signals.
Split the SCP according to type or have only one port?
What is logical what physical? Is physical the mechanical drawing of the connectors and the patch panel or the electric specification of the power lines? In the end everything will be in one ICD.

How is the port specification connected to the actual mechanical structure?


Flow Specifications |
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This is all inconsistent:
power and fluid describe what is transported, lan, time describe the connector type and safety is a logical property.
The following information is available:
interaction medium, connector
Physical: optical fibre, pipe inch, electrical cable mm2 x n, compressed air spec, coolant spec, 400VAC, fibre connector, RJ45
Logical: high power, low power, interlock signal, network, coolant, compressed air.
Where to put the spec for air connector:
Self-sealing female connector according to ISO 7241-1 Series B, nominal diameter 12.5 mm.


Flow Specifications ||
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This picture shows one part of the actual interface specification.
One issue is the relation between the SysML model and a “real” interface description, like a CAD drawing.


Parametrics model
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liguidTemp [

Diagram name |Analysis
________ Author tkarhan
| <cgxternal-s =)
| : Environment | Creation date | 1/6/08 7:46 PM
I p— | Modification date | 1/6/08 7:58 PM
| | amb : Ambient |
| |
S —— ]
______ sdomanes _g_
: ObservatoryPhysical
==5yEtem== =
: TelescopePhysical
==facilty==

inf : Infrastructure

: CoolantContainer

: Coolant
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Open Issue:
Can parametrics contain
dynamic aspects?
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Model structure
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Possible model structure
covering context and internal
information with different
abstraction layers
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Conclusions

e Project:

— APE seems well suited for a case study showing
SysML application and benefits

 Anticipated problems
— Model consistently different views

— Find a common modeling philosophy for team
members from different domains (even worse for
distributed modeling)

— Find all necessary information in the project
documentation

Jan. 25th 2008 INCOSE MBSE Workshop #2
Albuquerque
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INCOSE International Symposium in the
Netherlands in June 15-19 2007 Challenge Team
Results

» Solution and supporting models
« MBSE practices used
» Configuration management approach
» Tools and environment
» Degree of execution
* Model interchange capabilities
« MBSE metrics
— Resource requirements (effort, time, ..)
— MBSE value (productivity, quality, ...)
« MBSE findings, issues, and recommendations

— Validation of enablers and inhibitors from MBSE strategy (refer to Jack Ring
Strategy under the MBSE IW08 / MBSE Roadmap Planning)

e Training material
* Plan forward

Jan. 25th 2008 INCOSE MBSE Workshop #2 38
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