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Context - ESO major projects

Very Large Telescope (VLT)
Started 1988, in operation since 1999

Atacama Large Millimeter Array
(ALMA)
Europe-US-Japan
=@ Started 1998, Early Science
- Operations started in October 2011.
Completion expected.if 2012 s eso
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e 40 m class mirror

* Will be the largest
" optical/near-infrared
telescope in the world

o Gather 15 times more light
than any other telescope
today.

[ ‘,Ja;g\mw L N VA<=, « Exciting science: extra
= o I solar planets and discs,
galaxy formation, dark
energy/dark matter, and
frontiers of physics.

» If approved construction
could start in 2012 with
beginning of operations
2020-2022

Images on this slide were produced by ESO
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Context - Challenges for the Control System X ScSion remsshor

VLT Wave_jront control E-ELT Wavefront control

e e T

« 600 tons of steel and glass e 10000 tons of steel and glass

« 200 actuators, 3 mirrors e 20000 actuators, 1000 mirrors

2000 I/O points e 50000 I/O points, (M1 has 15000 alone)

e Small data volume » Large data volume (700Gflops/s, 17Ghyte/s),

« Some interacting, distributed control only_englnee.rlng da’Fa .
loops (0.01Hz->50Hz) « Multitude of interacting, distributed control

« Overall function and performance of the loops (O'OlH_Z'>kHZ rates)
telescope is allocated to the control * OQOverall function and performance of the

system telescope is allocated to the control system
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Predictions from COCOMO Il model for software cost estimation

[y
N
o
S

Example:
10MISLOC For 1M lines of code, spend
~29% of s/w budget on

architecture for optimal ROI
80% V

1M SLOC /
60%
100K SLOC
\‘/
40% 110K SLOC

100% -

20%

Fraction of budget spent on rework + architecture

0%

Fraction of budget spent on architecture

KSLOC 10 ——KSLOC 100 KSLOC 1000 KSLOG2100006

Source: Kirk Reinholtz, JPL

Presented at ICALEPCS, Oct 14th 2011 8—' 11 =110 i sm B ZE m 8 of 16



ESO

European Organisation
for Astronomical

] +]E+S+
Architecture Investment “Sweet Spot” sszf:;:::emzm

Predictions from COCOMO Il model for software cost estimation
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Example:
10MISLOC For 1M lines of code, spend
~29% of s/w budget on

architecture for optimal ROI
80% V

1M SLOC /
60%
100K SLOC
\‘/
40% 7 10K SLOC Trend

O The bigger the software, the bigger
20% the fraction to spend on architecture

100% -

Fraction of budget spent on rework + architecture

3
S

Fraction of budget spent on architecture

Inference:
L 10 —KSLOC 100 KSLOC 1000 KSLOG31080600

Prior investment in a reference Source: Kirk Reinholtz, JPL
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) Address the funCtiOnal need Mirror shape after 25.0 s with ES 239 failure
derived from the wave front control '
strategy

o Contain system complexity

* Promote modifiability and
scalability (and long-term
maintainability) :

« Enable high avallability and fault 0
tolerance e

 Conceptual Integrity o

broken ES

- nN (=] ~N N -] @
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 Data driven
» Decentralized

o Separate Domain
Knowledge

hierarchical
(vertuical communication

)

* Integrate heterogeneous
Control Systems

e Define a framework and
design rules

Control System

................................................. T..............

System under

Control

Central Operator Operation al Interlockand
Supervisor Interface Archive Safety System
components components components components
\A | |
T /((peer-to-peer (honzontal commu canon)]
| |
— telescope
‘; network
LSV LSV LSV LSV
components components components compt{:nents
................................. i................................................i.............................................. ssssssssssssssssssssEs s s ERT R nS
LCS LCS LCS LCS
I l[ I 1 Il . r II I fieldbus
000 000 000 000 000 00O 000 000 00O 000 000 000
Telescope plant
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State Analysis — What does it
mean?

e Imagine driving a car.
As a driver you:
 Have destinations and deadlines
 Plan aroute
* Rely on gauges and your own senses

e In other words, you:

e Set objectives regarding the state of
the world

 Monitor the state of the world

e Form a coherent notion of the state of
the world
and you anticipate its changes

e State Is central

Southern Hemisphere
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State Analysis - The “Control

Diamond”
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Virtual world

Similar
behaviors

W

Real world
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+ ESO

State Analysis - The “Control %
Diamond”

Southern Hemisphere

Our model of how Virtual world
the world works
helps us make sense
of our senses

Similar
behaviors

W

Real world
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Similar
behaviors

W

We see, not what is, seor
but what we perceive
— with a little help
from our senses
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State Analysis - The “Control
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Southern Hemisphere

Our model of how Virtual world
the world works
helps us make sense
of our senses

We react, not to
things as they are,
but rather to things

as we perceive them

Similar
behaviors

W
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but what we perceive
— with a little help
from our senses
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Virtual world We react, not to

: things as they are,
but rather to things
as we perceive them

Similar
behaviors

-

Real world

Our actions are
guided by what we
expect them to do,

given what we know
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State Analysis —in a Nutshell

State is
explicit
70..

ESO

European Organisation
for Astronomical
Research in the
Southern Hemisphere

System operation via
explicit, objective

statements of intent

i N
- - - - ““'
Gctlwty Planning & Execution }ﬂ‘
as*’
““‘
“"" Control
: Gpals

Direct correspondence

variables and software
state variables

between physical state .|..,...

Clear delineation
between control
system and system ,
under control

*
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State
Knowledge

Models inform
all aspects of
| control system

State
Functions
\4
*
. State
* * h )
Bstimation
* *
*e »Separation of
53 [] 5 .
"‘ Measurements Ciirids rraa,, L 2stimation from
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VLT Field Testing - Motivation

" reao AR r___cch
JLaTesT| 1 cono 3ys
SAMPLE SWy SUr

=
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Apply State Analysis Method

Test E-ELT technology decisions
Refurbish VLT control system

Operational Environment

+ ESO
+ES‘*’ European Organisation
@ for Astronomical
Research in the
+ Southern Hemisphere

Modification date | 09/08/11 10:31

MEAS, e ] = c;;m;g l
PLAN L ) ) I
ECSDL -
s |L——gpog 4SO, ]
s Return CHECK ActPos(deg) RetPos Postion | ~otorHeatrFiag
-------- Rc heoooe e:m: mt .pnstmd ahismt
[ : Filter Wheel Subsystes
release the sample —— .
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VLT Field Testing -Enclosure 25 [——
Control System Upgrade e

e 1500 I/O points (Dome,

Windscreen, Louvers, etc)

* Interface to existing sensors and

actuators
e Driven by SA Control Diamond

o Estimators implemented with
LabView
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VLT Field Testing - Main axes
Control System Upgrade

* Provides all means for telescope positioning

* Apply more rigorously SA, integrated with OOSEM

«to-bex»
«seds ibd [Block] TCS Conceptual to-be Stage 1 [ ] TCS Conceptual to-be Stage 1 ]
ibd [Block] Azimuth Axis EM( Azimuth Axis EM ) T EncHeadHealth SWSV IB
knwigGoal | <blocks e
«estTypes «SWSVs
«pSV» do-bes : EncHeadHealth SWSV 1B
: Az Brake Health =UCS: S CHS ShES timator T Enchieadricatn Swsv &
Fail-safe brakes. If (il ; I JE=
~ ; Axis LCS HeadHealth MEAS 1B T _ieadHeatth MEAS 1B | sto-bexr
\ Brake is eblocks
i . RawEncoder MEAS IB «estTypes —
«pSVs» \ _ :232;2?' itis . : ~RawEncoder MEAS IB o Az PositionAndVelocityEstimator
: T nsor Health = - o XknwigGoal
Az Brake Status Sensor Hea 4 : RawEncoderMEAS [ prowiggod
. = - b : Velocity MEAS B : ity MEAS 18 ‘
_ N p_ i ~Velochy MEAS |
- YelocityMEAS ]
«pSV» 4 : ~ActPos MEAS 1B
EakeStatusMEASIB __ P "
—————— - - = : Az Brakes Position - B ameerdion
CHu listin e : AzPosVe
. L . Az Switches MEAS IB
: DrivePowerStatusMEAS y
«SWSV»
; BrakeStatus MEAS IB A : AzPosVel SWSV IB
«pSVs > ReferencePositionCMD
: RefPos CMD 1B : Az Drive Status -
e TR - . ActPos MEAS IB ACPOSMEAS
e | P i cmdHistOut estin : ~AzPosVel SWS
- - P L
. . o-b
: ActPos MEAS 1B ~ - I “ : RefPos CMD 1B - : ~RefPos CMD IB <locks XctriGoal
~ - > - «ctriTypes
e >~ > W y . b LS : Az PositionAndVelocityController
-—— - «pSVe : HealthStatus MEAS 18 {1
- = . - TrkRTGoal
: HealthStatus MEAS 1B : Azimuth Position And Velocity (-180,+360) PSV DrivePowerStatusMEAS
: ~ i | SendRefsSetPoints
-_— -«
- J -t P -~ ’ \ ha A = o ref : TrkRTGoal
q:!SV» o / “ = L
: Az Drive Health _ - / \ ~ e
~ «conceptuals .
P - / \ ~ : Pointing Machine Batin: SerPosvel
: ‘v’gpcfg{ME_AS_lB _—_—- _ - \ ~ L trs
.- \ <
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Research in the
Southern Hemisphere

Summary and Future Work e

e Summary

— SA is built on sound theory

bdd [Package] Ontology [ SAOntology _SW_Definition ]J

Diagram name | SAOntology_SV_Definition
Modification date [ 3/5/11 3:13 PM

<blocks ‘ locks |
SysML Block |SysML Signal
— L

and Rules B | |‘ |

— Guided by Architectural Principles

— Confidence gained during VLT field

0.* ) typedBy typedBy [ «blocks typedBy

te StS ‘ eblocks e |SysML FlowProperty
5“1;1 EEindeniControl ) SysML Part Property
1.4 )
° blocks ‘ ablocks «blocks
u u re O r Physical State Variable | Measurement Command

isAllocatedTo psvsource [1.* psviarget {1.* mtarget |1.* csource [1.%

_ Collaboration between ESO and JPL ;i |
— SA profile for SysML \w

[Svﬂwar State V iable

— Integration with MBSE practices e
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