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Why are we In this Px?

What we know about ptting algorithms is
goodnesgof&pt surfacqualityS robustness

¥ Excellent instantaneous point spread function

¥ Data&rich obsevations & computation
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Realtime software eam

Core: S Doeleman, JKasper D. Mitchell,
M. M orales, R. Sault, RWayth

R. Cappalo, L. Greenhill, C. Lonsdale,
M. Tegmark, M. Zaldarriaga
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Observation:
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Laying down the math

Observation:
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Data anaysis

Observation:
m(v) = B(v,u)F(u,')YAC,DI()+ n(v)

Data reduction, v!:
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lonospheric @rrection
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| nstrumental calibration

| nNStrument: 3%

Gain from one »
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1I$$ sources




onospneric calibratior

(Doeleman, Ting)
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onospneric calibratior

Residual Errar
I I I
| —= Actual Offset - Fitted Offset




Pure u,v pattern

EOR integrates
»| to 10 min. and
adds to
Integrate database
Visibilities to 2-8
sec. in baseline
16 GB/s — 2 Gvis rings & sum to 32
every 1/2 sec. kHz (2 Gvis) Survey
]
m(v) 2 ? @ time
Olé
gla
=154 A ;
Bin to primary
e ! beam FOV & 32 Lymin
> X — X —»| kHz channels BT(u! v) FT(! u) N Faraday
e ’ ' Rota
(1.8Gu,v,fp time -
cells, )
[
1MHz
T
£ > F (!,u) —>{  ASMv1
g frequency.
s
&
Big sma}II subset of Solar Imaging, 2j FOV , 32
aselines gt full kHz every 8 sec.
freq. & time 50 MB/s
resolution to 2 TR
FOV (100 M u,v/f,p F (", u)
cells)
Beam towards 200
calibrators 1 pol. lonospheric
(outside primary Calibration
FOV)
¥
Sort into per
m antenna sets [500] e umenta]
> X —| & beamform each -
Calibration

in direction of 100
calibrators




16 GB/s — 2 Gvis
every 1/2 sec.

Integrate
Visibilities to 2-8
sec. in baseline
rings & sum to 32
kHz (2 Gvis)

m(v)

Pure u,v pattern

EOR integrates
. to 10 min. and
adds to
EOR & Survey = L e
time?
i : Survey
Iimin L i
L © FR=FT(l,u) I Al |
(3] e
[Tel , . .
g A" (u,u)B' (u,vm(v) |
1 - T
time H \‘
v Faraday
X 1 'M Hz % | Rotation
. i
L3 T I i ‘
ASM = FT(!,u) |
freq.
X > ASM v1
g e ——— Pr—— » WP— —— Treq Cy
s
&
Bin sma}ll subset of Solar Imaging, 2j FOV , 32
baselines gt full kHz every 8 sec.
freq. & time 50 MB/s
resolution to 2j TR
FOV (100 M u,v/f,p F (", u)
cells)
Beam towards 200
calibrators 1 pol. Bl lonospheric
(outside primary Calibration
FOV)

Sort into per

calibrators

m antenna sets [500]
> X —| & beamform each

in direction of 100

Instrumental
Calibration




16 GB/s B 2 Gvis
every 1/2 sec.

Integrate
Visibilities to 2-8
sec. in baseline
rings & sum to 32
kHz (2 Gvis)

0.425 GB/s
~0.85 Gvis/s

m(v)

125 Mvis/s

Pure image patiern

Alternate data stream for u,v based EOR processing

Bin to primary
beam FOV & 32
kHz channels
(1.8 Gu,v,fp
cells)

BT (u',v)

Bin small subset of
baselines at full
freq. & time

Full FFT at 32 kHz, 8
sec cadence (4
pol.,)

EOR integrates
to 10 min. and

A 4

adds to
database

Survey

AT, 1Y

FT(!!,U!)

Postage
stamps towards
calibrators

50 MB/s

time

Faraday

Rotation

b ASM v1

Solar Imaging, 2j FOV , 32
kHz every 8 sec.

resolution to 2
FOV (100 M u,v.,f,p
cells)

Beam towards 100
calibrators 1 pol.

lonospheric

(outside primary

FOV)

Y

Calibration

Sort into per
antenna sets [500]

& beamform each
in direction of 100
calibrators

Instrumental Calibration, at least 8 sec. old

‘ FT(!!,U!)

Instrumental
Calibration




16 GB/s B 2 Gvis
every 1/2 sec.

Integrate
Visibilities to 2-8
sec. in baseline
rings & sum to 32
kHz (2 Gvis)

0.425 GB/s
~0.85 Gvis/s

m(v)

125 Mvis/s

EOR/ Surv.

ASM & FR

lon. =

Bin small subset of
baselines at full
freq. & time

Pure image patiern

Alternate data stream for u,v based EOR processing

AT,

50 MB/s

FTOhu)BT(u,v)m(v) [ foe

EOR integrates
to 10 min. and
adds to
database

Survey
—_— i

| time

Faraday

i
i
4 ASM v1

Solar Imaging, 2j FOV , 32
kHz every 8 sec.

resolution to 2
FOV (100 M u,v.,f,p
cells)

Beam towards 100
calibrators 1 pol.

Y

(outside primary

FOV)

lonospheric
Calibration

Sort into per
antenna sets [500]
& beamform each

in direction of 100
calibrators

Instrumental Calibration, at least 8 sec. old

‘ FT(!!,U!)

Instrumental
Calibration




16 GB/s B 2 Gvis
every 1/2 sec.

Integrate
Visibilities to 2-8
sec. in baseline
rings & sum to 32
kHz (2 Gvis)

m(v)

Hybrid pattern

EOR integrates
to 10 min. and
adds to
database
0.425 GB/s S
=0.85 Guisls ey
125 Mvis/s 0.5 GB/s . X g :’ '
‘q i !
|—, A (u, u ) time
—
Bin to primary
beam FOV & 32 1y min
| 5 kHzchannels BT (u’,v) ET (1,u) \ L Faraday
(1.8 Gu,v,f,p N f Rotation
cells, ) il
A
FT(',uh P (.1 1e
g
) f
'é’ Postage
& sum to 1 Mhz, FFT stamps towards
& (4 pol.) calibrators
Bin small subset of Solar Imaging, 2j FOV , 32
baselines at full kHz every 8 sec
14 freq. & time 50 MB/s 4 i
resolution to 2j T
FOV (100 M u,v,f,p [EHE)
cells)
\
Beam towards 100 L B
| calibrators 1 pol. »| lonospheric
(outside primary Calibration
FOV)
y
Sort into per
,_| ,_| antenna sets [500] e rumental
> X > X > & beamform each e
= = in direction of 100 e oo

calibrators

Instrumental Calibration, at least 8 sec. old




16 GB/s B 2 Gvis
every 1/2 sec.

Integrate
Visibilities to 2-8
sec. in baseline

rings & sum to 32 0.425 GB/s
kHz (2 Gvis) ~0.85 Gvis/s
m(v)

125 Mvis/s

Hybrid pattern

EOR & Surv. =

ASM
lon.

Bin small subset of
baselines at full
freq. & time

v

resolution to 2
FOV (100 M u,v,f,p
cells)

Beam towards 100
calibrators 1 pol.

Y

(outside primary
FOV)

_

ime AT (u,u)i

FR=FT(,u) '- A

&me

50 MB/s

EOR integrates
to 10 min. and

adds to
database

Survey

time

Faraday

| ;
Rotation

ASM v1

Solar Imaging, 2j FOV , 32
kHz every 8 sec.

»| lonospheric
Calibration

Sort into per
antenna sets [500]
& beamform each

o x |
-

in direction of 100
calibrators

Instrumental Calibration, at least 8 sec. old

FT(!!,U!)

Instrumental
Calibration




Pros & Cons

¥ All computationally feasible (?)

¥ Hybrid andu,v versions h&e similar ost, image
~*x larger

¥ Tradeo+ between ionospheric calibration quality
& using current instrumental calibration

¥ Easier to subtract bright sour@s inu,v pattern

¥ Should ®nsider double&gridding, best of both
worlds with modest additional ®@mputational cost



Way forward?

Make the sysem modular:

¥ Gridding w/ instrumental calibration

BT (u',v) J
AT(u,u!)J AT(!,!!)J

¥ Soure position Pnding for ionospheric cal.

1ymin

¥ Fourier Transforms FT(u) |

time

¥ |onospheric orrection (both)

¥ Beaming for instumental cal.

¥ Calibration solution algorithmsE




Goals by the end of dn.

¥ Debne RIS software module inerfaces
¥ Draft data structures/objects
¥Understand A'(u,u’) A'(,!")

¥ Target RT'S pattern?



