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Overview of the talk

Examples of RFT.

Multichannel interference mitigation techniques.
Reformulation of radio astronomical imaging.

Effect of interference suppression on image formation.

Data driven image formation.
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RFI example: observed GSM mobile/base station transmissions
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RFI example: GPS transmissions/Television carriers

GPS signal
Television sound carriers signal
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Astronomical imaging
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We can measure only a discrete set of baselines r;(tx) — r;(tx):
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The correlation process
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Mitigation techniques

1. Blanking: Simple to implement, good for intermittent signals, single /multichannel

narrowband /wideband, no substantial effect on image formation.

2. Spatial filtering: medium complexity, signal independent, multichannel, nar-

rowband signals (wide band signals through sub-band processing).

3. Spatio-temporal processing: High complexity, signals independent, multichan-

nel.

4. Signal exploiting methods: High complexity (different system for each class of

signals), single /multichannel, good performance.

5. High order blind methods. High complexity.

T O Delft

~



Example of balnking results: HI superimposed on GSM signals

Coherency [%)]
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With GSM interference
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Strong GSM signal
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Freq. [GHZ]

Blanking based on determinant

1.4195 1.42
Freq. [GHz]

14205 1.421 1.4215

Weak GSM signal




Spatial filtering

Suppose we detect an interferer:
R ~ c¢laa + %1 + R,

and have an estimate a

O Temporal filtering: blanking

O Spatial filtering:
~ projection R =P RP} = ¢’P; + PLR,P}

a a a

— subtraction of a reference source R =R — ¢

R, can be affected: the ‘dirty beam’ becomes space-varying

= need to store the effective spatial filter on the 10s data.
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Astronomical imaging

Coordinate system

For a small field of view: s = sg + o, sy L o
S0 = [O, O, 1]
o = [¢, m, 0]
planar array: ri—re = Mu, v, 0] where

Simplified imaging

equation

Vi(u,v) = / / I;(€,m) e 92 tom) qpdm

A=

C

f

Given V¢, we can compute the brightness image (‘map’) I¢ via an inverse Fourier

transform.
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Astronomical imaging - point source model

Assuming that the astronomical skies are a collection of d point sources (maybe

unresolved) we obtain:

d
Vf(rl, I'2) — Z 6_j27'('f S;r(rl—ro)/clf<si)ej2ﬂ-f S,LT(I'Q—I'())/C
1=1

O s; is the coordinate of the 7’th source.

O We choose an arbitrary reference point typically the central element of the array,

and measure the phase difference with respect to that point.
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Astronomical imaging - matrix formulation

If we look at all baselines measured simultanuously at time 5 as a matrix we obtain

where

and

Ry, = AsBrAY,

a(siatkv f) —

e—i2rfs] (ri(te)—ro(te))/c

o321 f si(ti)" (rp(te)—ro(ty))/c

Agr=[a(s1,tr, f)y---ra(sastr, f)]

If(s1)

If(sa)
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Astronomical imaging - noisy case and self-calibration

When we have measurement noise which is 0?I and an unknown complex gain for

each antenna element we obtain that asymptotically (from now on we fix f)
Ry, = T ALBAITH 1 021

where

91,k

9p.k

are the calibration coefficients.
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The dirty image: Two view points

ID(Evm) — Z Il B<€7m7€laml) — Z Il Bl(gam)
[ [

where

Bl(f,m) = ZZ Cij 6_277.7(uj£l+vjml) 627Tj(ui£—|—vim) .
T
Every point source excites a beam centered at its location (£, m;)

Beamforming interpretation

Ip(s) = Y wi(s)Rpwy(s) (2)

k
Here, wy(s) is the beamformer pointing towards direction s, in classical imaging

Wi = ak(s).
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The CLEAN algorithm

1. Find the brightest point in the dirty image.

2. Subtract from the dirty image the dirty beam centered at the location of the

peak and multiplied by
3. If the residual image is not noiselike goto step (1)

4. Convolve the point sources obtained at steps (1-3) with an ideal synthetic

beam.

5. Add the residual image to the generated image.
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CLEAN in the visibility domain

Finding the brightest point s¢ in the image is equivalent to trying to find a point
source using classical Fourier beamforming, i.e., ,

K

Sp = arg max Z ay,(s) (R, — o’I) ai(s) . (3)
k=1

Thus, the CLEAN algorithm can be regarded as a generalized classical sequential
beamformer, where the brightest points are found one by one, and subsequently

removed from Ry until the LS cost function is minimized.

Removing the estimated source can be performed by sub-
tracting its contribution to the visibility covariance ma-

trices.
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LS in the visibility domain

If we forget for a moment the computational issue we can present the LS cost function

using direct Fourier transform as the following problem:

K
{8}, B]= min_» [[Rx — AsBA[ — o’I||3
{Sl}?:pB i=k

This is just self-cal initialized by I' = I, where self-cal is:

K
{8}, B, T;| = min > IRy — T ABAYTY — 1|7
{Sl}l:pBaF k=1

()

We would also like to constrain the matrix B to have positive diagonal, and zeros

elsewhere(for non-coherent sources.
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CLEAN with spatial projections

After Projecting out the interference we are left with modified covariance matrix
Ry = LiRiL) = Li [Ar({s:})BAL({s1}) + oI L} .

This modifies the least squares optimization problem to

K
[{gl},]/_j)} = argmin Z HLk (Rk — Ak({sl}) BAI];I({SZ}) — O'2I> LI]: HF
{s1},B{L'x} k=1

The dirty image can now be redefined as

In(s) = Sioran(s) Ly (LiReLy — o’LiLy)Liag(s) = 35 ag(s)Rjan(s).

'
/
Rk:

And the modified CLEAN can be done by sequential beamforming and subtraction

in the visibility domain.
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Data driven imaging

To reduce the sidelobe response we would like to solve

Wi(s) = argmin wjRywy, such that ~ wjag(s) = 1.
Wk

The solution to this problem is

1
aj (5)R; Tax(s)

Wi = BR; ta(s), where [ =

K 1
In(s) = >

a; (s)R; 'ag(s)

and the locations of the strongest sources are given by the maxima of I, (s).

20

s
I

Detft




Simulation: The effect of spatial filtering on the image
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no interference; unsuppressed interference; after spatial filtering.
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Simulation: Comparing images
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