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Problem statement: decorrelation

@ Visibility averaging
@ Time and bandwidth decorrelation
@ Smearing = loss of amplitude + distortion
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Problem statement: decorrelation

o Visibility averaging
@ Time and bandwidth smearing
@ Smearing = loss of amplitude + distortion

Baseline Dependent Windowing Functions Vs Averaging
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Averaging effects or smearing

@ Phase center RA=0, Dec

j2000, 00h0OmM, -45deg j2000, 00h0Om, -44deg30arcmin

(Arcsec)
(Arcsec)

~200 ~100 0 100 200
(Arcsec) (Arcsec)

j2000, 00h0Om, -43deg30arcmin j2000, 00h0Om, -42deg30arcmin
7 g -
H L — —
200 ~100 0 100 ~100 0 100 200

M. Atemkeng Supervisors: Prof O.Smirnov, C Optimizing the PSF Time Load July 2, 2015 4 /17



Problem solving: PSF slow derivation

@ interferometric visibility

V(b) = /Q I, (s)e 2" ®sdQ, (1)

@ tr-space: re-sampling time At and frequency Av, tp and vg their
centre respectively

V(to, o) / Wig 0o (t, v [ / V(s)e_Z”ibSdQ] dtdv (2)

AtAv

/ Wh, (b [ / ()_2’”bsdﬂ}dut,,dvt,, (3)

Uty Vty
@ Generalized weighting and windowing function

Wi o (t,v) = T(t — to, v — o) W(t — to, v — 1) (4)

July 2, 2015
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tv-space and uv-space

@ Boxcar and boxcar-like

1
i, |t| < At/2, |v| < Av/2
(e to.v—w) = { &g =SB MI=802 )
|ut1/‘ < Autl//27 ’th/’ < AVfu/2

1
(b~ bo) = { B0 ()

0, otherwise,
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PSF slow derivation

Vio (X) = / Wh, (b) e~ 2milueltvevmbwe (n=1)) gy v, (7)

Uty Vv

@ source coordinates, /, m and n. Average baseline vector, x

Vi, (x) = (Eb ° [cboﬁb} o [Cbowb]> (8)

(1,m)

Cbo(la m) _ e—27ri(ut0u0/+w0y0m)’ Gb(’v m) _ e—27ri[wt,,(n—1)] (9)
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Computational load

Vi (x) = (G, ° [Cbo ﬁb} ° [CbOWb]> (10)

(1,m)
Brute force: (CPU, Parallel computing, GPU,...)

@ Slow derivation, FFT, sky map of N2 cells, [PSF],m requires
~ MNloga N multiplications; ~ N2/og, N.

@ Slow derivation, FFT, sky map of N sources, ~ N*logy N
multiplications for all [PSF]

I,m’
Linear Algebra and Approximation: computationally cheaper, but an
approximation
@ Quick derivation, FFT, sky map of N sources, ~ N?logo N
multiplications for all [PSF]

I,m”
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uv plane approximation

@ Approximate the offset PSF (Pseudo PSF) visibilities by the centre bin

Vo (X) = (?;.,0 ° [Cboﬁbo} o[cbOWbo]> (11)
(1,m)

@ Requires ~ Nlogo N multiplications
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PSF [Jy]
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Image plane approximation

@ Approximate the offset PSF from the PSF at the Phase centre
(Nominal PSF)
e Find a function H and the variation in time/frequency AV and A®

AV AP
PSFim =~ [H(S-)H(S0)| © PSFiyumy (12)

Algorithm 1 Contruct Maxtrices, A¥ and AP
1: procedure VARIATION IN TIME AND FREQUENCY

2: FoV = Npiz AlAm //Npi- the number of pixels
3: Au=Av =1/FoV

4: vo = —(Npiz — 1)Au/2

5: h = (2v0)/(Npiz — 1), est = 0o

6: for ifrom 1 to Npiz do

7 ug = —(Npiz — 1) Au/2

8: for j from 1 to N,z do

9: 0 = arctan(ug/vo)

10: dui,; = csty/ud + v3 sind

11: du|yj=cst\/m“>sﬂ

12: AW, ; = mldui jl + dvs ym) At
13: AD, ; = T2 \/12 +m?/uf + v2
14: wo = o +h

15: end for

16: vo=vo+h

17: end for
18: end procedure
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AV AP
K= sinc(T)sinc(T)
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Image plane approximation: results

Exact PSF source at I=1.4deg, m=0. Approximate PSF source at |I=1.4deg, m=0.
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Computational time
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DDFacet(courtesy: C. Tasse, Observatoire de Paris)

Model image, mominal PSF Model image, pseudo PSF
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C'est la fin!!l Merci!ll
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