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Luca Stringhetti Introduction

LFAA Integrated Element Team

Operations/HQ

Schedule

System Review (outcomes)

Low Frequency Science with SKA1 (Jeff)
TT-Low/Performance Budgets/Configuration (Mark)
SKA1 Low System (Maria Grazia)
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New Organization Chart

Exploring the Universe with the world's largest radio telescope

— Direcior-General
(Fhil Drmond]
Director-
a-peﬁrumF‘nll:r and Archiect
ATApar
sl Head of Project [T —|
|
consultant
[ ]

Head Direcior of Dir=clor of Policy Direcior of
Mmrinr:m Project Enginesr Operatons Mbﬂ,m Communications,
L LT Feiih ITTET | pmg-ua (Ao BeTy) M:m

Paay 1 Educ
Hesd of SoiEnce Head of Folicy
|| Ewecutie Officer # o= Dpty Comms. &
FAMEY-re ST BN Qperation M Oureach Manager
: B} “mﬂ‘;mnhn mﬂl s ey
A ¥
e ——— Domain Engin rrHouse Legal Cufreach & Events
-I JAAAr Lamay | Muﬂrm‘ E E‘F.tglw - Course] Fa.élslﬂ'ﬂl‘l
f et b Ll |Ibnrrll:|n‘u'n_- T Koy s Dl
Comain Snginesr IndusTy Liaison
— OHTicer
[Pl Cxaby
1"s g IR s Samiacie
& Domain m
|| HR Mamager Zyatem Enginesr
— —— Domain
[ | e
e— jalist and
SysiEm
i SEs
“Harety and
[ | Faclties Manager
R Froped raresd Syst=m Engineer
| i dicrums] EDPTabsicoge M
Head of
] Sysi=m Enginzzr
e




=

Integrated Element Team (IET)...

«  Philip Gibbs (Engineering Project Manager)
— Provide PM processes, tools and techniques to achieve project objectives.

«  Mark Waterson (Domain Engineer)
— Specialist in Aperture Arrays and RF Engineering.

« Maria Grazia Labate (System Engineer)
— Specialist in Aperture Array Synthesis and Electromagnetics.

« Jeff Wagg (Project Scientist)...interface between SKA science and Engineering communities
— Specialist in EOR, Extragalactic Continuum and Cosmology.

+ Evan Keane (Project Scientist)...interface between SKA science and Engineering communities
— Specialist in Pulsars and Transients.

* Gary Davis (Operations)

— Director of Operations Planning.

Exploring the Universe with the world's largest radio telescope



Operations / HQ...

« QOperations concept review successfully
completed

* Ops requirements to be included in Rev 8 of
L1 Requirements

Non-host
Members

UK

Site Entity
\ SKA
Y
N Observatory
Data “ Development
centres [ ‘\\ I centres
\‘\ Observatory* A Corporate Development ’/”
Operations . Functions Programme
\\
A
N |
AUS AUS | skao HQ SKAO | __ RSA RSA
Site Entity Operator AUS Office RSA Office Operator Site Entity
| P :
Science Science
Processing Processing
Centre Centre

Exploring the Universe with the world's largest radio telescope




Operations / HQ...

SKA
Observatory

SOQUARE KILOMETRE ARRAY

Observatory Operations

Corporate Functions
Top-level management
Corporate strategy
IGO legal & business affairs
PR, communications, branding
Spectrum management
RFI protection standards

|

Development Programme
Science strategy
Upgrade prog; g
Interface to development centres

AUS Operator

Technician services
Hardware engineering

Software (control & data acquisition)
Observation execution
Site operations

Corporate services
SHE standards
Secretariat
SKAQ AUS Office GHQ SKAO RSA Office
Contract management Science operations (science data Contract management
Business services production, QA, project support| Business services
Interface to SPCs Sof (scientific computing) Interface to SPCs
Science operations (technical Software (observation management) Science operations (technical

performance monitoring,
calibration, science data
production, QA, project
support)
Software (scientific computing)

Proposal submission & time allocation
Project submission & verification
Operational performance monitoring
Interface to data & user support centres
Computing infrastructure

performance monitoring,
calibration, science data

production, QA, project

Exploring the Universe with the world's largest radio telescope
R T e TN e S T T T T e T

RSA Operator
Technicdian services
Hardware engineering

Software (control & data acquisition)
Observation execution
Site operations




Schedule...SKAO

* “Integrated” schedule is on community confluence under Precon PM.

fiew Clipboard Font F1 Schedule Tasks Insert Properties Editing Mindjet
2nd Quarter |3rd Quarter ldth Quarter Ilst Quarter 2nd Quarter |3rd Quarter |4th Quarter llst Quarter |2nd Quarter |3rd Quarter Idth Quarter
Wed ouoit/a;st Add tasks with dates to the timeline
Task 2015 2016 2017 2018 2019
0 Mode v | Task Name v | Duration « Start ~ Finish v Predecessors Qtr1 Qtr2 Qtr3 Qtr4 | Qtrl Qtr2 Qtr3 Qtr4 Qtrl Qtr2 Qtr3 Qtr4 Qtrl Qtr2 Qtr3 Qtr4 Qtrl
1 » 4 Stage 2 milestones 802 days Thu 09/04/15 Mon 07/05/18 £ 7y
2 - > AV 668days  Thu09/04/15 Tue 31/10/17 — 1
19 - - CSP 477 days Tue 30/06/15  Fri28/04/17 I 1
33 - > DSH (not confirmed) 815days  Thu30/04/15 Thu 14/06/18 r 1
69 - » INAU 523days  Tue 30/06/15  Fri30/06/17 I 1
9 - > INSA 517 days Wed 15/04/15 Fri07/04/17 | 1
117 - > LFAA 598 days Wed 15/04/15 Sun 30/07/17 I : 1
131 - > SaDT (not confirmed) 500days  Wed 01/04/15 Tue 28/02/17 I 1
150 - » SDP 695days  Fri31/07/15  Fri30/03/18 Lo 1
162 - > TM 569 days Fri 26/06/15 Thu 31/08/17 I 1
181 - 4 Project Stage 2 key milestones 859days? Thu09/04/15 Wed 25/07/18 — 1
182 - I Governance 613 days Wed 22/07/15 Fri24/11/17 | 1
191 - » Reviews 684days?  Thu09/04/15 Tue 21/11/17 I 1
252 = | viGosetup |s87days  wed14/10/15 Fri12/01/18 : I 1
257 - Construction proposal submitted 0 days Tue 23/01/18 Tue 23/01/18 251FS+9 wks 0—23%
258 » Construction proposal approved 0days Wed 25/07/18 Wed 25/07/18  257FS+26 wks © 25/07

Exploring the Universe with the world's largest radio telescope



High-level SKA Schedule

KEY: Blue = SKA1 science & engineering; orange = policy; green = SKA2

I L ]: ' il Critical dates:
L

Detailed design | Pre-construction Stage 2 c

' Q3 2017: CDRs
Critical Design Reviews (elements then system)l

! A Q4 2017: 1GO

SKA1 construction proposal & approval

Procurement J Operathna| .
Vool Q2 2018: construction
SKA1 construction

SKA1 early science

2018.... : procurement
& construction

SKA1 operations

I
I
I
: approval
:
[
[
|

Key Doc Set & Prospectus
IGO mgreements negotiated and complete

Formal negotiations | f |

I IGO operational and able to centrally contract
Ratification of Agreements | A [

|

1

|
Advanced Instrumentation Prdg A PDR{MELA and WBSPF)

SKAZ2 detailed design [

SKA2 procurement

A

]
I
I
I
| | I | I : | [ ! T

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

SKAZ2 construction starts

Exploring the Universe with the world's largest radio telescope
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Major events in Q1/Q2 2016 =9

* March 9-10: StratCom, Beijing
« March 15: SKA Finance Committee, SKA HQ

« March 16-17: Science and Engineering Advisory
Committee, SKA HQ

« March 22-23: SKA1 System Review, SKA HQ

« April 4-6: 20" SKA Board Meeting, Pune, India
« April 19-21: 3 |GO Meeting, Rome

 May 11-13: HPC/SDP Meeting, Shanghai

« May 23-25: SKA Management Review, SKA HQ
* June 3: Cost Reviews all consortia

Exploring the Universe with the world's largest radio telescope




Sin
Schedule...IGO -

1/01/2018
Min. ratification

15/04/2016 com 'm 23/07 /2018
1GO meeting 3 4 ‘Full’ membership?

s
Policy
SKA Organisation

Ratification SKA 1GO

2017 2018 2019

2016 2019

Construction
proposal +
Engineering Initial WBS/Cost approval
Book Proc. preparation
development A
Other engineering KD's _
SKA1 Approval
‘Final’
Cost Book

Exploring the Universe with the world's largest radio telescope




System Review...

Summary of Panel feedback:
« Panel believes the project is several months away from reaching PDR readiness
» Costing appears immature at this stage

Recommendations:

« Complete L1 requirements

»  Operational Concepts and Calibration Requirements to be flowed down to L1
* Release all Technical Budgets with allocation down to L2

* Complete the release all System ICDs

» Coherence of Integrated System Design with Overall Architecture, ICDs etc.
* L1 requirements meet Science Goals

« PM —need for schedule, WBS, from now to CDR

« System PDR is held before work progress in the Element CDRs

What does this all mean?
«  SKAO will be working through the recommendations made by the panel
 Formulating a plan of action (how to proceed)

Exploring the Universe with the world's largest radio telescope



Low frequency science with SKAI

Jefl Wagg
SKAO
UK

Robert Braun, Tyler Bourke, Evan Keane, Anna Bonaldi
LFAA all-hands meeting, Bologna
May 9, 2016



Overview of the SKA
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Outline

* Update on recent SKAO (science) activities

 SKA1-LOW science objectives

 SKAI-LOW design considerations
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Update on SKAOQO science activities

* August, 2015: “SKA Key Science Workshop”, Stockholm, Sweden

« more than 130 participants
* Begin collaborations that may evolve into future KSP

teams
* Generic surveys with SKA1?

* October, 2015: Level 0 requirements published

* Scientific desires for the telescopes
* NOT requirements for consortia, design 1s based on the

Level 1s

* October, 2015: Observing bands: scientific context document

* Frequency ranges required for SKAI science
objectives
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Update on SKAOQO science activities
Dec., 2015: baselining of station positions for SKAI-LOW

e Positions defined in ‘V4A’ calibration memo

e (Calibrationassessed and risks deemed to be
sufficiently low to proceed for environmental site
SUrveys

April, 2016: Level 1 version 7 requirements published
e post-rebaselining requirements
* implementation of recently accepted ECPs

May, 2016: publication of SKAI-LOW station positions
* core of pseudo-random stations in the core with spiral
arms of (6 stations per group) extending out to 65km
* concept of virtual sub-station presented

 Upcoming: <+ new project scientist Anna Bonaldi, Sept., 2016
« “SKA2016: Science for the SKA Generation”, Goa, India,
November 7 — 11t 2016
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The early history of structure formation in the Universe

Cosmic Dark Ages Reionization ' IGM mostly |omzed
z > 15-307 z=6-157 z=0-6,t>1Gyr
t < 100-270 Myr at <1 Gyr {
Rare sources form
ionized bubbles I

o
~
q
D
>
§
(=]
~
™
-

~ Modern galz;.xis form ..

fonized bubbles §
Furst stars ®overlap & .
15-307) / P - o

Inflation/
Big Bang

e
3]
£
o
@
O

Recombination/

Neutral IGM £

First galaxies J - "\
z = 10-30?) oA . . - Dense, neutral podk‘ets

Figure from Robertson et al. 2010

When did the Universe emerge from the Dark Ages?
 How did cosmic (re)ionization proceed?

 What was the neutral fraction of the IGM as a function of redshift?
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Probing the early universe with the 21cm line

42

A C) © D) E
EorR | 510 50 100 500MHz
] 50
Neutral Hydrogen 21 cm Cosmic

spin-flip transition provides Dawn °
probe of neutral 5
intergalactic medium Dark 505
before and during Ages
formation of first stars

H-100

v=1420MHz/(1 +2z) L. ..o o .

k=21cm(‘|+z) 1+2z
eg Pritchard & Loeb




Physics of the 21cm HI line in the early Universe

Simulated Redshifted 21 cm Brightness Temperature
(Data provided by A. Mesinger and S. Furlanetto)
z=8, x,=03

21cm spin temperature set by: |
* radiative transitions (CMB)

e collisions

* Wouthysen-Field effect VN vl e
(resonant scattering of Lya) "o S S W I AR ||

: " IR we  peculiar
brightness temperature: — velocities

Ty, 1+z Ov/or
Ty =27 2 (1 + 0p) (1 —=%) (557 )" ( )t mK
pe A / (1+z)H(z)
neutral baryon Spin
fraction density temperature




Power spectrum of 21cm fluctuations during the
EoR and Cosmic-Dawn

v[MHz] 500
10-9

10 |

Ay |T,| [mK]

0.1

1+z

eg Pritchard and Loeb 2008, 2010
SKAT1: Koopmans et al. 2015

Probing the EoR and Cosmic Dawn
statistically (to z < 27) through
fluctuations in the power spectrum.
Sensitive to:

—1 V4
S-ﬁ

* Density of baryons (cosmology)
* Peculiar velocities (cosmology)
* Neutral fraction (reionization)

* (Gas temperature (X-ray heating)
* Lyman Alpha flux (Lya sources)

Current EoR facilities:

MWA: Tingay et al. 2013

LOFAR: van Haarlem et al. 2013
PAPER/HERA: Parsons et al. 2010




SKA1 21cm HI tomography of 1onized bubbles

no strong SNe feedback efficient SNe feedback
7z=17.277
4 600 8

o o B SKALTLOV Line Deep el (1M1t 1000 1)
< ST 1 mK rms 1
< = 3 ¢ 10 mK rms
2 E | 100 mK rms | |

B " = £g |
% ol ]

0 | 600 % 600
x [eMpc/h] x [eMpc/h] H% | mw§ | Hm”§ . m; \ H% | mw%
eg Mellema ea; Wyithe ea, SKA science book T

Beam FWHM (

* Detecting EoR structures in imaging mode (as distinct from
statistically) on 5 arcmin scales with 1 mK RMS

* Possibly imaging during the Cosmic Dawn (most likely PS)




Pulsar surveys and timing

« cosmic lighthouses

* masses: ~1.4 Mg within 20km

e B~4.4%X10"3 Gauss

e periods: 1.4ms to 8.5s

- ~16,000 normal psrs (7000 LOW)
- ~2,300 ms psrs (900 LOW)

- ~100 relativistic binaries

- first pulsars in Galactic Centre

« discovery of exotic pulsars and binaries: PSR-BH - first extragalactic pulsars

SKA1-LOW: <350 MHz

» Surveys for pulsars out of the Galactic plane

Current estimates are that 50% of the Galactic population will accessible with SKA1

(Cordes et al. 2004; Smits et al. 2009; Kramer & Stappers 2015; Keane et al. 2015; Pulsar SWG)
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Pulsar surveys and timing: testing general relativity m%m%

correlation between msp timing residuals
U.b T T T 1 T

0.5 + prediction:
04 L Hellings & Downs 1983
Figure: Hobbs

03+
02},
01

ok
0.1 + | n
0.2t N *
0.3 | N
0.4 |
-0.5

Correlation

0 20 40 60 80 100 120 140 160 180
Ansle between Eulsars sdeaz

* millisecond pulsars can be very precise astrophysical clocks, eg:
PSR B1937+21, period = 1.5578064688197945 +/- 0.0000000000000004 ms

* Timing residuals between ms pulsars can be used to directly detect the
gravitational wave background (SMBH mergers)




loglo(hc)

—-15

—20

—25

T I T
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i Hobbs 2008 -
>
- Coalescing binary —
black—holes
L SN Core
Binary collapse
. black—holes
in galaxies Relic
G—waves
| Standard Curre _
inflation
Unresolved
Galactic binaries
NS—NS
Coalescence Advanced
I | PPTA 1 LISA | LIGO
-10 -5 0
log,q(f/Hz)

Discoveries with SKAT (SMBH mergers, Primordial GWs)
“GW astronomy” with SKA2 (discrete sources)

D.Champion




GS BURSTS
N\ 1o-DAM
3 Zarka 1998
10+ /___\ 4
0.1 1 Fre;zency (1'\0‘(:“2) 1000 10000
from Gregg Hallinan 3 . . . o . .
» At SKA1-low frequencies (<100MHz), we will . :
.. . . sl . ]
be sensitive to radio burst emission from hot . = '
Jupiters out to 10 pc: measure rotation periods €2k . e 3
2 e [
(Zarka ea, SKA science book) §-L L ]
E e 3
| e @],
8‘ 3 l i:.':._‘ E
Predicted radio emission fromknown®f LT
exoplanets (Lazio et al 2004) 0.1 1 10 100 1000 10*

Emission Frequency (MHz
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SKA1-LOW: Extragalactic continuum science
DIFFUSE RELATIVISTIC PLASMAS IN THE UNIVERSE

Galaxy Clusters Halos, Rehcs

O'“@

.,A/an Weeten et al, 16 |

Cosmlc Filaments

-Origin of NT-components
-Impact of NT-comp. on the
ICM microphysics and
cluster dynamics

-first detection of shocked
WHIM

Radio emission

i
\

.

i

i

!
g
|
3

Vazza et al. 15

Radio Loud AGN (radio galaxies
and RL quasars)

M87, LOFAR ™" Centaurus A

-

de Gasp tal. 12

- Life-cycle (birth, life, death) of radio galaxies
-Physics of radio emitting regions: jets, lobes..
-high-z AGN, low accretion-rate AGN

-AGN “feedback” and galaxy formation &
evolution

Cassano and Ferrari
Third SKA1-LOW calibration consultation
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i o * QOutcome of three calibration consultations
‘ ‘ | and input from wide range of scientific, low
frequency calibration and engineering input

Design considerations for LFAA: configuration

! T }‘ T T

T

1000

North (m)
o)

* Pseudo-random core distribution of (~35m

diameter) stations in a compact configuration
—1000

* Groups of six stations extending out to 65km
diameter

400

« Supports the concept of virtual (~10m
diameter) sub-stations for a limited number
of correlations — cost neutral

200

North (m)
o

—200

Dewdney et al 2016

—400
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Design considerations for LFAA: configuration =g

* Qutcome of three calibration consultations
SKA1—LOW, Single Pointing, 4" Track and input from wide range of scientific, low
T T frequency calibration and engineering input

1O# e e ]
5000 [l piy I S sizxgsm ] ¢ Pseudo-random core distribution of (~35m
| ‘ 10=dx1lm diameter) stations in a compact configuration

2048x1i1m |

1000 - (I R «  Groups of six stations extending out to 65km

500 diameter

Relative Visibility Density

* Supports the concept of virtual (~11m

100 , diameter) sub-stations for a limited number
10 50 100 500 of correlations — cost neutral
Radius (m)
Dewdney et al 2016



Declination (J2000)

—28°

—29°

—30°

—31°

—32°

SKAIT-LOW 1mage quality
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* Single SKA1-LOW track compared to LOFAR-INTL
(natural weighting)




Declination (J2000)

SKAIT-LOW 1mage quality
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* Single SKA1-LOW track compared to LOFAR-INTL
(natural weighting)




Summary

|V 4
SKa

* Excellent progress made in defining SKA1-LOW telescope —
driven by scientific and calibration considerations

* Configuration station positions defined and released for use 1n the
next costing

* Concept of virtual sub-station (~11m diameter) defined which
vastly improves the 21cm power spectrum sensitivity on large
scales

* Progress 1n defining requirements on spectral bandpass shape —
should discuss this week



SKA Science

The SKA WI|| revolutlonlse our

understanding of the Universe
and the laws of fundamental physics

http:/[astrbnom

%0

- Credits and acknowledgements: Djorgoveki et al, (Caltech) (E0R image): Casey Reed
(Pulsar image): NASA/JPLCaltech/SSC (Galaxy evolution image-NGC 3190 Field):

- - 1 GHz - INASA/Stanford-Lockheed Institute for Space Research's TRACE Team

(Cosmic Magnetism image-Sun's Corona); NASA/JPLCaltech (Cradle of ife image)
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The 21cm forest: minihaloes and the IGM =12

 absorption by cool neutral gas along the
LOS associated with diffuse IGM or

overdense clumps

22 +
 Sensitive to X-ray heating -> possible to
distinguish between different IGM heating

histories

flux density (mJy)

20

18 ' : : : : : . :
130 18 140 145 150 155 160 Requires the existence of radio loud

observed frequency (MHz) L. . . .
o sources well within the reionization epoch
eg Carilli ea 2002; Furlanetto & Loeb 2002;

Mack et al. 2012; Ciardi ea 2015

210 -
Smin =103 (S/N)( _—[I(()}.l\(/[)l _T)(S kHZ)l/z (1000 m K]) (1000 hI')l/z mJy
e —€ Al Ty t.
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Image Noise al B, (/,I,Jy/H()am)U
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100

from Dewdney €

(in Approach to

Agenda...) @ -
1OO§h

N 100DM
200 400 600

l

i SKAl-Low: By,, = 65 km, Av,/v+ 0.3 |

'requency (MHz)

!

t al.

Frequency (GHz)

0.2 -

SKA1-LOW Continuum Survey (30%, 3msr, 2yr)

LA ]
9.8 pJy rms

19.6 wdy rms
39.2 judy rms

from SKA1-LOW
configuration doc

100
Beam FWHM (arcsec)

104 108

* (30% BW, 3=sr, 2 yr) continuum surveys at 120-150 MHz will reach almost the
confusion noise, rms~20 YJy/beam at a resolution of ~10”. To get rid of confusion one
needs to move at
expected confusion level of 3 YJy/b).

> 200 MHz, reaching a noise of 10 YJy/beam (which is above the

» deeper imaging with longer integration time, i.e., 100-1000 hours per field is almost
prohibitive below ~200-250 MHz, even at the longest baselines.

09/05/16

Third SKA1-LOW calibration consultati



Outline

 TT-Low activity
« System Error Analysis (performance budgets)
« Configuration & costing guidance...

Exploring the Universe with the world's largest radio telescope
R T e TN e S T T T T e T



TT-Low

LOW Telescope Team Home

Created by Stevenson, Tim, last modified by Waterson, Mark on Apr 28, 2016

LOW Telescope meetings

LOW Telescope Team (Notes
and agendas)

Current (last) meeting: Agenda for
TT-LOW April 28th

April 28th (room 23 SKAO) at
08:00 UTC

(09:00 UK, 10:00 CET)

Minutes of previous TT-LOW
Meeting: 2016-04-14 Meeting
notes

Further scheduled meetings:
May 12th/13 (f2f in Bologna)

June 15th

Ton | evel Izcne | an

Issues Stats:

Issue Nr.
Total Number of 21
Issues

Active Issues 12
Deferred/Watch 5
Issues

On Hold 0

Not assigned Issues 0

Closed Issues 4

Click here for: Issues Template

TT Terms of Reference:

100

57

24

19

Telescope_Teams_Terms_of_Referenc

e_v10.docx

Exploring the Universe with the world's largest radio telescope

Current Low_TT members:

. - Chair

e @Jan Geralt bij de Vaate -
Co-Chair

@André van Es| - PM

e |@Maria Grazia Labate - SE,
LFAA

) Jeff Wagg| - PS

@ Wallace Turner| -

Requirements

@ Corrie Taljaard - RAMS

ndrew Faulkner| - LFAA

osie Bolton - SDP

en Stappers|/

rant Hampson| - CSP

lan Bridger - TM

ichard Oberland| - SaDT

@ Abeywickrema, Shandip -

INFRA-AUS

@ Michael Hayes|/

@Adam MacLeod| - AIV

@ Peter Dewdney| - AG
o |@Alistair McPherson - HoP




Issue status 1-3

Issue
Nr

Exploring the Universe with the world's largest radio telescope
= N ST T e e

Issue Name

Calibration &
Configuration

CspP
Relocation

Synchronised
Telescope
Network Time

Issue Identified

Description

Assigned

by to
The calibration approach for =~ MW ALL
SKA-LOW is still undefined
and subject to ongoing work.
Convergence on this work is
urgently needed,however,
the Configuration of the
LOW-telescope is a function
of the calibratability.

The unclarity has impact on
a number of design
parameters such as:
Infrastructure, RFi-mask,
Station boundaries, etc.

Issue 04, Issue 05, Issue 08
added to this RT, see
background info on issue
page.

Relocation of CSP to Perth SO SO
could result in cost
reductions

NTP time server location. As RO
the timing of telescope data

is well defined the location of

a server providing telescope

time to the supporting

functions is unknown.

MW/RO

Progress Priority

The approach will be to gather Extreme
constraints/driving factors of the

TT-LOW calibration & configuration

approach on short notice. The

TT-exec team will gather all these in a

paper, define an approach and assign

Resolution Teams before the end of

October.

Issue 04, 05 and Issue 08 are merged
into this issue.

Next step is workshop on SKA1 Low
Station Configuration Feb. 24,25 2016

Item is moved to watch list. Hold

A small RT of TM and SaDT was set
up to adress this issue and come up
with a solution (this will also impact
Mid)

Current Closure

Status

Expected
Completion

te
Date D

First stage
finished on:

Open

22 December
2015

Second
stage

Early March

(November
2015)

January Closed 17Mar2016

2016

Closing
Remarks

Final report

SKAO to prepare
ECP for
implementation.



Issues 4-5

4 Station Lay To synthesize and clarify the Moved to Issue 01 High December Closed 28 Jan Added to Issue 01
Out overall requirements 10th 2016 RT
applicable to station size

« A different lay-out of the
antennas in the station
could be needed for
smoother station beam
shape

« sensitivity at 50MHz

« station self-cal must be

possible
5 Array Lay-out  Considerations: TT-LOW Moved to Issue 01 Closed 28 Jan Added to Issue 01
team 2016
« The array beam model ) RT
meeting

should change as little as
practical between
successive pointings (and
the resulting beam should
satisfy the beam-error
requirements).

Collecting area ratio
between core and arms
Infra/network/power costs
minimized

Both station-size and
antenna lay-out could
change. This work shall
start after the calibration
discussion.

Exploring the Universe with the world's largest radio telescope
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Issues 6-9

Sub-arraying

LOW
Construction
Phasing

Sub/Super
Stations

Performance
Budgets

Exploring the Universe with the world's largest radio telescope
= N ST T e e

A similar workgroup is AVE Jw
working on this topic in

TT-Mid. It makes sense to

start a similar workgroup to

deal with the particular

problems for the

LOW-telescope.

Alignment of Construction
with AIV. What milestones
need to be defined to obtain
an achievable AV plan.

Will the elements ( LFAA,
CSP, SDP) have designs
which that are capable of
supporting either of these
concepts? What are the
limits for what the whole
telescope can do
cost-effectively?
(bandwidth,control,imaging).

This needs to be evaluated
Placeholder. We will need a TBD All

RT for each performance
budget.

An RT of scientists is requested to
make a list with science cases
applicable for sub-arraying.

Waits on outcome of AlV discussion
during CL-meeting in Feb.

Moved to Issue 01

Names for this RT to be provided

Info here: Low System Budget Work

TT-LOW team requested to comment

on doc.

Open

Closed

28 Jan
2016

Added to Issue 01

RT



Issues 10-12

10 Low Network (initialization) This is an issue ~ SKAO(AVE), Al SKAO internal working group High Pending
Architecture resulting from assumptions LFAA, discussing scope & breakdown of scope
regarding assignment of SaDT, TM issue (March 2016).
traffic to diferent networks
and requirements on the
networks. An RT is needed
to assess the implications of
a revised architecture to the
element designs and
requirements. The office will
address and scope the
changes first.

1" Collecting Identify what are the key All CT Group discussion agreed to establish
data for risks that can be mitigated by RT/working group. Initial work to set
RAMS on using AAVS1 as a test and up RAMS risk register and canvass
AAVS1 data-gathering platform. mitigation aproaches, identifying what

can be studied with AAVS, precursors.
Outcome: Test plan based on P

inventory of risks

12 Cost Any proposals for cost JGvdB JGbdV All elements are invited to enter cost
reduction reductions can/should be reductions in the table on the RT
working discussed across consortia, page: Issue 12: Cost Reduction
group and further ideas may come

out of this

Exploring the Universe with the world's largest radio telescope
= N ST T e e
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System Error Analysis =N

« Extractfrom High-level (sys review) presentation
« Plan for doing it
 Next steps

Exploring the Universe with the world's largest radio telescope



A Fundamental Requirement for Scientific Success

Basic assumption behind some of the most important SKA observations:

— ability to integrate for atleast 1000 hours, limited in sensitivity only by uncontrollable,
natural noise over the full field-of-view at all spatial resolutions.

Note the combinations of high sensitivity, all resolutions and long

iIntegrations:

— previously had ‘high resolution’rather than all resolutions, recognising thatreaching high brightness
temperature sensitivity in long integrations will be equally challenging.

The 1000-hr requirement is most difficult to reach at low frequencies (<3 GHz) in
both line and continuum imaging observations.

— These represent 16-24% of the high-priority science, depending on where on the HDR cutoff taken.

— At these frequencies the sky is bright, and so so-called High Dynamic Range imaging is required to
meet the 1000-hr limit.

— Systematic Errors will tend to “redirect” flux from brightbackgroundsinto the science data to create
‘noise’ at low levels that does not decrease with longer integrations.

At high frequencies other effects will limit long-term integrations, so HDR is not
primary, per se.

Caveat: Not all the important science projects require 1000-hr integrations.



Systematic Error Effect on Deep Integrations

A

Large systematic errors

Low-level
systematic errors

* Very low-level
systematic errors

Log Noise Power

« Target Noise Level \

* Log Effective Integration Time

« High-level systematic errors will be relatively easy to track down and remove;
* Low-level errors may take considerable experience with the system;

« Extremely low-level errors may take a very long time or may never be found.

— Thelow and very low levels are the most ‘dangerous’when considering how to best meet the extreme
integration time requirement.

— Such errors may appear noise-like in short integrations but fail to ‘average down'’in long integrations
because they are not actually random.



Models, Calibration, Residuals and Stability

* In principle:
— Effects that are understood can be modelled.
— Typically models contain parameters that must be measured by calibration.
— After calibration has been applied => residual uncertainty that affects the final
result.

— Also calibrations cannot be applied continuously:

» system must remain sufficiently stable between cals for residuals to be controlled.
— The balance between system (or sub-system) stability and the residuals are
key design factors for the SKA telescopes.

» |In practice the foregoing is very complex:

— understanding subtle effects takes time and effort,

— systematic errors interact so that calibrations may have to be carried out
iteratively,

— incorporating knowledge and techniques from sub-systems into the whole
system may not scale,

— some calibration schemes may require too many resources to be practical.
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Proposal for a Process

° Agree on a set of performance parameters.
— Define them in a document.

* First Step:
— Create headings across the top of the matrix, applicable to sub-system designs.
— Define the headings.

— Fillinthe boxes.

— Foreach ‘X', provide:
. a model description,

. a calibration method (if available),
. aresidual estimate

. animpact statementon system performance.

« Second Step:
— roll up the contributions;

— Provide allocations (error budgets) for all items in which multiple ‘X’s appearin the rolled
up version of the table.



So — first the "budgets”

Table 1: Science-Budget Mapping

1

2

10

11

12

13

14

15

Science
Case

EOR/CD

pulsar search

pulsar timing

standard
imaging

transients

Attribute / class

Spatial /spectral
frequency domains

spectral cube image
domain

brightness temperature
sensitivity

DM range

search area

timing accuracy

system clock and clock
derivatives

continuum

spectral line cubes

System Timing
Budget

Time-domain
stability

Exploring the Universe with the world's largest radio telescope

Noise / Tsys
Budget[A1]

Affects

Linearity
Budget

Affects

Dynamic

Range

Affects

Spectral
performance

Affects

Polarization
performance



Budget definition

5.6 Time-domain stability

Created by Waterson, Mark on Apr 19, 2016

Description:

This refers to the temporal stability of the system parameters against environmental effects. The various calibration loops apply feedback corrections to their terms in order to maintain errors
at a sufficiently low level, and the update rates of these loops must be set based on the expected time scales of the driving effects.

Reference Documents:
Relevant Level-1 Requirements:

SKA1-SYS_REQ-2621 The spectral stability, on a time scale of 600 seconds or less, of the station beam bandpass, post station calibration and RFI-mitigation, shall be within 1.3 %,
0.4 %, 0.6 % and 1.1 % at 50 MHz, 100 MHz, 160 MHz, and 220 MHz respectively compared to the full polarization, parameterized beam model.

SKA1-SYS_REQ-2629  Station beam stability. ~ The difference between the parameterized station beam model and the actual station beam shall remain smaller than 1.3 %, 0.4 %,
0.6 % and 1.1 % relative to the main beam peak power, after calibration, at 50 MHz, 100 MHz, 160 MHZ and 220 MHz respectively

Analysis Method:

Calibration steps and effects:

Source Errors (see Table 2):

Exploring the Universe with the world's largest radio telescope
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To the contributors:

Low System Error-Effect Mapping

Created by Waterson, Mark, last modified on Apr 24, 2016

The following table maps the effects resulting from each individual element of the signal chain to the respective performance budgets. In each cell, an "X" indicates a value which should be calculated (those
whose contribution is less clear are marked “?"), and implies an analysis report. In addition, parameterization by environmental effect is shown where appropriate. Going forward, each entry will be replaced by an
allocation to the design consortium responsible, and a calculated value provided into the budget column for management. The sum of the error values in a budget can be compared against the limits set by the

applicable requirements and the resultant margin traded among the contributing factors.

Table 2: Attribute-Effect-Budget Mapping

Attribute/effect definition list Budgets/Planes affected

1 Owner Product Component Attribute/class Attribute
IConsortia  Item
Number
2 Antenna
Element

3 beamshape

4 sensitivity

5 coupling to embedded,
neighbours edge

6 coupling to edge
neighbours

7 external influences  soil, reflecting

Exploring the Universe with the world's largest radio telescope

Effect

Structure of individual
antenna sensitivity
pattern

Peak sensitivity of
element at zenith

modifies beamshape
C depending on
location in station

should be included in

~n

Parameterized
by:

phi, theta, freq

frequency

XY in station

static

Calibration

loop

Station cal

Station cal

Station cal

Station cal

Station cal

- Clock Signal Noise/Tsys Linearity
& Chain (sensitivity?)

Timing  stability

Budget
X X X
X X X
X ?
X
X X



...not even half of it...

Tavle 2: ARrioute-Efect-Busget Mapping
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Next: ———

* Review, revise, agree on error source contributors
 Allocate to consortia & products

* Identify priority contributors

« Extract analysis from design reports

* Populate tables...
* Sum the errors & write reports (!)

Exploring the Universe with the world's largest radio telescope
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Budgets =9

« SKAO “owns” budgets and targets at L1
« Consortia own/provide/support error contributions
« Budgets “add-up” contributions against L1 targets

* Residual headroom = margins

 Allocation/trades occur as needed to achieve targets in
cost-effective manner

Exploring the Universe with the world's largest radio telescope Footer text
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Array Configuration =59

« Justreleased the “final” version of the doc

« Supporting analysis is nearly out

« ECP to formalize changes isin process

« Topology should now be sufficient & stable for costing.

« Will only change IF clear reasons to change it are revealed after
design & cost analysis progress, and then only after full ECP
process.

Exploring the Universe with the world's largest radio telescope



Entire array

4000
N7
>
3000
X N6
Outer Station 2000 Ny
Locations N\ s5 s, )
% % T
T o *. SKAl-low Central Area
6 - 1000 = .
% . E1 . N5
. e s2 . *
N WA .
-4000 -3000 -2000 °, NG 7 2000 3000
- . P
57 E4 -= N3 c
#* S -1000 = —
E5
72000
E6 :7
*»*

-3000

-4000

Exploring the Universe with the world's largest radio telescope

4000 m




Central region

-2000

Yo

. 'SKA1-low Central Area

2000
s5 s4
e “s00
1000
S3
. -1500 'f‘-moo
N2
%
s4
ope -1000
o0
-1500
-2000

Exploring the Universe with the world's largest radio telescope

1000

2000 M




® ®
b @o@ ® ©
5 : ® .
by . ® ® @@@ ®@ @®®
N\ - e @ aP_ © @0
@ ®@p % 9 20,05 @f
v ® ©0.0 g ® %o ®
® ®® @07 @0 5 ®0 O
® ® ® @0 00 g ®@¢@
@@@ ® 90 A®" ®
®@ ® 0600 0%@g G @@
® ® @ 0@ Qm@@ @@ 9@ ® g
£ @@@@@@@@%@0@ 02 @ @
® > ® YO @O
® ® 0900 5 @ ®
2.2 9® _ ®¢ ® " ©®6®
9 %6 ®8g 022 @
® o “Togle 5° ©
® ® ® ®
®p% ©00
2% go 0P @ ¢
® ® a ®
2 ¢
:@@@
®,

Core

Exploring the Universe with the world's largest radio telescope



SKA1 Low System:
What is going on

—

SAUARE KILOMETRE ARRAY n

SQUARE KILOMETRE ARRAY Maria Grazia Labate

Exploring the Universe with the world's largest radio telescope Bologna, ot May 2016




What happened?

* Qur latest all-hands meeting?

L BT A B
gﬂabf:
U GRS
B D -

3-5 December2013,
Dwingeloo

« Back in time

« T0->SKA1:LO and L1 Req.

Exploring the Universe with the world's largest radio telescope
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When the AADC Consortium Leader =%¢
was 2.5 years younger

TO  SKA1:

LO and L1 Requirements Overview

Dec 3, 2013

SKAO support

Maria Grazia Labate

System Engincer (perure Aroy) » LO requirements generation

AADC Consortium Meeting, 3-5 December 2013, ASTRON -

* TO documentation

+ L1 requirements review approach ~ » Cover Letter p—

» Concept of Operations

* Model (SysML) description ‘ a1 —

Explo

MagicDraw file T0 Document =

Release

« Afew corrections to the Baseline Design

* Addenda to the Baseline Design

* Level 1 requirements

Other documents will be produced in the future to provide more detail to the ConOps and Baseline Design.

Exploring the Universe with the world’s largest radio telescope

Exploring the Universe with the world's largest radio telescope




When the AADC Consortium Leader ===
was 2.5 years younger

Aperture Array Design and Construction
Consortium: AADC

of the 2
K3
- - -
e Nedotat with SKA Off
Low Frequency Aperture Array Eleme egotations wi ice
All-hands meeting
3-5th December
Date inal date Deli
Jan Geralt Bij de Vaate [ 1 |T0 l“ Nov 2013 Bid preparation and OSKAO delivery of Level 1 requirements
. -
st N ff
2. | TO+12 weeks 1% Feb 2014 T8D and TBC agreed and closed for Level 1 requirements o n s w'th S KA O I ce
3. | T0+25 weeks 1™ May 2014 Preliminary report on RFoF cost and performance
4. | TO+34 weeks 1" July 2014 Preliminary installation plan (including demonstration plan)
5. | TO+38 weeks 1™ August 2014 Preliminary power design report
6. | TO+46 weeks Mid Sept 2014 System Requi: s Review and iated documents (see
SEP)
7. | TO+50 weeks End of Oct 2014 | Preliminary Design Review and associated documents (see
SEP) Deliverable
B
8. | TO+68 weeks 1" March 2015 Closure of Stage 1 h 2015 Kick-off Stage 2 . t
Total tupdate
2015 AA Verification System 1 (AAVS1) Detgi];,-:,.-yp
Table 1: List of deliverables for Stage 1 o e ored ueAt
. . e v
2015 Installation plan |nc|:.‘15’l;;t f S‘Ao‘ A0 5~sn)=5"*::;\0 ot ¥e!
o 2 cePtC red des® grom
TO+99 weeks 1% oct 2015 Demonstouse * report) Adie) AP g antelll, ment” oK
5 Kick” "”pu“ e for feld ance ™ ant 7P
e 5 (AR ‘:\lﬁ“’" :‘I:(al “"“:':i oo A0 1105 VP
] 10n (105t ¢ rech™® La v SKAD:  nal L
5. | To+112 weeks 31" Dec 2/ ;j;‘.‘,lwnzg:upa-:“; e . A(‘ev:’egsp Lw:;‘,j',,ea
iS00 on 1€P and SEMP L can a0 ot
6. | T0+140 weeks 1% July 20 o0 ) PR
delive e 10¢ P oo
st
T0+148 weeks 1" Sept 204
™
6
T0+156 weeks 1" Nov 20
Total

Table 2: List of deliverables for Stage 2

Exploring the Universe with the world's largest radio telescope
R T e TN e S T T T T e T



When the AADC Consortium Leader
was 2.5 years younger

TO  SKA1:
LO'and L1 Requirement

Dec 3, 2013

Overview

+ SKAO support
+ LO requirements generation
+ TO documentation

+ L1 requirements review approach

W - Addendato the Baseline Design

=3

Aperture Array Design and Construction l

Consortium: AADC
of the
Low Frequency Aperture Array Ele|

All-hands

=L %Y v' Perth, Sept 2014 (face-to-face
. =3 progress meeting with all the WP

« Model (SysML) description

S = = Leaders).

=

+ Afew corrections to the Baseline Design

« Level 1 requirements

v" LFAAPDR, 2015

v' AAVSI face-to-face meetings

M Negotations with SKA Office l

(Malta, DDR in Dwingeloo), 2015.

3-5th Decembera

Jan Geralt Bij de Vaate

o [
ﬂ Negotations with SKA Office

v"  Architecture Review

Table 1: List of deliverables for Stage 1

v System Review

Exploring the Universe with the world's largest radio telescope




Only a few

* Product Breakdown Structure
 Interfaces and ICDs

« LMC Harmonisation

* Functional Analysis

* Modelling

* Level 1 requirements

Exploring the Universe with the world's largest radio telescope




Product Breakdown Structure
LFAA example:

/PDR submission: more focused on WFQ /More focus on actual products\

Exploring the Universe with the world's largest radio telescope
R T e TN e S T T T T e T



Product Breakdown Structure

LFAA example:

/PDR submission: more focused on WFQ

i | |
Antenna Receiver Sizi‘:if::::!:s:“ el "::':.?;:M and Local Infrastructure
SKATELLFAAAL SKATELLFAARX akaTEL Lranh SKATEL LrAALMC SKATELLFAALINFR
- i ing Rac
Antenna (Mechanical) Receiver - Frontend LMC Server Rack Powe:
SKATELLFAA ALMECH SKATELLFAARX.FE SKATELLFAA.LMC.SVRR SKATELLFAA.LINFRPWR
L4 A Receiver - Module Control Desk Analog Signal Transport
SKATELLFAA ALLNA SKATELLFAA RX.RM SKA.TEL.LFAA.SP.OST SKA.TELLFAA.LMC.CD SKATELLFAA LINFRAST
Ground plane
SKATELLFAA.LINFR.GP

/More focus on actual products\

o % [

K Figure 4-1 Top Level PBS

SKA Telescope PBS

v

\_

Exploring the Universe with the world's largest radio telescope
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‘

Product Breakdown Structure

« What is now under formal management and CM control is the
Development PBS (or SKA Telescope PBS)

 Documents are then generated in context of the Development PBS.

CDR submission —
Draft from AADC

v,

~

after Pre-Construction Same products of the SKA Telescope PBS
phase
Possible views that we will generate and use at the
mmmmm office to prepare for construction
QKA Telescope PBS Construction View Operations View J

Exploring the Universe with the world's largest radio telescope




Interfaces

« Architecture Review OAR: mapping between interfaces identified in the
architecture and in which ICDs these interfaces are defined.

 |dentification of the interfaces between products and mapping to ICDs

’_______,

. {Inter-EIement and@mtra-EIemerﬁ
! I
: "‘f 5
g i
TR
'\.\ BetweenElements /" \ Internal to an Element J

€. Creoss-cheeks- something toupdts in thelMP

Exploring the Universe with the world's largest radio telescope




ICD Dashboard

CSP CSP LFAA DISH SDP
SADT AIVMEERKAT |SADT SADT SADT SADT
= ™ ™ ™ ™ SDP CSP ™
g INFRA SA |AlV MEERKAT DISH SDP CSP SADT ™
Y |INFRA - LFAA - SDP CsP SADT ™
w  |Aus
- LFAA DISH SDP CSP SADT ™
MEERKAT
ELEMENT

Exploring the Universe with the world's largest radio telescope

csP - LFAA SDP

SADT KAT |SADT SADT SADT
L |T™ ™ SDP CcsP ™
L INPRASA |[AmEereaL
o [INFRA LFAA SDP csP SADT ™
w |Aus i i

: ::x ; |LFAA Di€H  |sDP csP SADT ™
ELEMENT

Sier

SOQUARE KILOMETRE ARRAY N




ICD Dashboard

CSP CSP LFAA DISH SDP
SADT AIVMEERKAT |SADT SADT SADT SADT

- |TM ™ ™ ™ SDP CSP ™

é INFRA SA |AlV MEERKAT - DISH SDP CSP SADT ™

H INFRA LFAA - SDP CSP SADT ™

w aus

AlV
MEERKAT LFAA DISH SDP CSP SADT ™
ELEMENT
. v omen, I

| Interface |  Doc.no.  Status |

SP - INFRA AUS 100-000000-020 In progress
S 1 00-000000-023 In progress
SR TR 100-000000-024 Signed
S 100-000000-025 In progress
SADT - LFAA 100-000000-026 Signed
TM — INFRA AUS 100-000000-022 Signed
LS 100-000000-027 In progress
100-000000-028 In progress
S T 100-000000-002 Signed
S 100-000000-029 Under signature
LFAA - CSP 100-000000-004 Signed

Exploring the Universe with the world's largest radio telescope




ICD Dashboard

CSP |LFAA SDP

SADT KAT |SADT T SADT SADT
£ (T™ ™ ) SDP SP ™
G [rwasa - Bl <
o |INFRA LFAA SDP CSP SADT ™
w  aus i

::;‘ T |LFAA DiéH SDP CsP SADT ™
ELEMENT

Hermine, Alan Bridger
et al. working on this

Signed

CSP -TM 100-000000-021
SP -INFRAAUS 100-000000-020
ADT - CSP 100-000000-023

ADT - INFRA AUS 100-000000-024
ADT - SDP 100-000000-025

In progress

In progress
Signed
In progress

SADT - LFAA 100-000000-026

Signed

TM - INFRA AUS 100-000000-022

Signed

M - SADT 100-000000-027

M - LFAA 100-000000-028

In progress

In progress

SDP - CSP 100-000000-002

Signed

DP-TM 100-000000-029

Undersignature

LFAA - INFRA AUS 100-000000-003

Signed

100-000000-004

LFAA - CSP

Signed

Exploring the Universe with the world's largest radio telescope



LMC Harmonisation

Non-homogeneous implementations.

LMC peer-review sessions

11-13/4/16

Madrid MID.CSP.LMC
(After CSP TIM#5) MID.DSH.LMC
4-6/7/16 Edinburgh LFAA LMC
(After SPIE 2016) SADT.NMGR
2-6/10/16 Stellenbosch LOW.TM.LMC
(During SKA Engineering Meeting) MID.TM.LMC
SAT.LMC
Harmonization status
jan/feb 2017 TBD SDP.LMC
AlV.LMC
INFRA.LMC

Exploring the Universe with the world's largest radio telescope

w process description (H. Schnetler)

Distribute review  Reviewers Comm
material j

s
to Project te:

Each Element responsible to provide monitoring and control capabilities

TM implements the higher level telescope functionalities and coordinate the
activities of the telescopes.

Harmonisation process aiming to bring out possible inconsistencies in the
TANGO implementation for SKA, by exploiting previous experiences in different
application fields.

Distribute Review
Minutes to Participants

EVIEW PREPARA | |:"> REVIEW MEETING
d \
s
IEW MATI PROJECT TEAM PREP/ R REVIEW P \
EETING AND FINALISE REVIEW. s \
EETING A \
\
2 day: \
\
\
\
REVIEW MATERIAL \
(Review Team) \
\
1 week 3days \\
\
\
am provides
feedback to Review " . Review Issue and
Presentat panel addressing Open Discussions Action Sheets
omment:
0.5 day 0.5 30 - 60 minutes




Functional Analysis

« “What” a system has to do to achieve the
v system’s objectives

a) ldentification and a description of the primary mission end-
to-end system level functions.

b) A description of the data flow through the system that is
required to support these top-level functions.

c) A cross-check of which functions have been implemented
by which system elements.

d) The identification of functions that are not implemented as
yet and the allocation of these as work elements to the
most appropriate design consortia for further development.

e) Evaluate the architectural design of the Low Telescope and
where appropriate optimise the design.

f) Prepare an N-squared diagram to ensure 100% coverage of
identified internal and external interfaces.

Exploring the Universe with the world's largest radio telescope
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LOW Functional Analysis
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Functional Requirement Mapping
Function to Products
Interfacesto products
Dataitems across Interfaces
Identification of Gaps

v" Functional decomposition (135 functions
at the moment)

v Identification of the data flow

v' Descriptions of functions and data flows
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LOW - MID FA Harmonisation
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LOW — MID FA Harmonisation
R e
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Cameo Systems Modeler 18.0 - SKAL Low [SKAL Low #15]

File Edit View Layout  Diagrams Options  Tools
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Specification is
_— 1 a by-product

Decision
Database Test View
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L1 Requirements and statistics

Jama

Baseline to Baseline Comparison Report

Gelease of Version 7 of the SKA PHASE“
SYSTEM REQUIREMENTS
SPECIFICATION

KA PHASE 1 SYSTEM REQUIREMIENTS SPECIICATION

Baseline 1 - SKA-TEL-SKO-0000008-AG-REQ-SRS-Rev07 01/03/16
n Mar 1, 2016

on Mar 1,
SKA-TEL-SKO-0000008-AG-REQ-SRS-Rev06B-06/27/2015
ce Turner on Jun 27, 2015

V.

SII

SOUARE KILOMETRE ARRAY m

J \ — e /
fLeble d: Mapping berween consortia levels of compliance and SKAQ levels of compliance ________ Element #ofL2reqs | # of Orphans L2 | Ratio #of L3reqs | # of Orphans L3 Ratio
Consortia level of Mapping to SKAO level of Text added to C e
compliance compliance column SDP 132 0 0 0 0 NA
| vesr¥ |Yes INFRA AUS 122 0 0 0 0 NA
|Norm [N LFAA 100 0 0 0 0 NA
:‘;‘; ::D L INFRA SA 291 174 0.597938144 0 0 NA

) ) ™ 246 73 0.296747967 289 0 0
| Intend to comply —low nsk| TBD Intend to comply — low risk
Intend to comply — high|TBD Intend to comply — high risk SADT 128 0 0 727 0 0
risk DSH 284 181 0.637323944 569 42 0.073813708
Partial Partial CSP 469 81 0.172707889 12 0.009771987

Traceability of Level 3 requirements to Level 2 requirements for each Element of the SKA1
system, and an indication of which Level 2 requirements do not trace directly to Level 1
requirements. The requirements presented are confined to those that are aligned to revision

6C of the Level 1 requirements, and that were received by the consortia on request of such
rcEequirements.
Xp
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Thank you...Questions?

www.skatelescope.org



