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Fourier Imaging

1 A(l , m) I (l , m) =
∫

∞

−∞

∫

∞

−∞

∫

ν0+∆ν/2

ν0−∆ν/2
V (u, v) e−2πi(ul+vm)dν du dv

2 Assumptions

1 |∆ν

c
~b.(~s − ~s0)| << 1

2 |w(l2 + m2)| << 1

3 V (u, v) - W m−2 Hz−1

4 I (l , m) - Jy beam−1

5 In reality we only have V (uk , vk)
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Fourier Imaging

1 ID(l , m) =

∫

∞

−∞

∫

∞

−∞

S(u, v) V ′(u, v) e−2πi(ul+vm)du dv

where

S(u, v) - Sampling Function

2 DFT

1 ID(l ,m) =
1

M

∑M
k=1 V ′(uk , vk)e

2πi(uk l+vkm)

2 Computational cost for a N × N image - O(N4)
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FFT Imaging

1 Requires regular gridding

2 Computational cost - O(N) × O(N logN) = N2 logN
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The sampling function

1 S(u, v) =
∑M

k=1 δ(u − uk , v − vk)

2 V S(u, v) =
∑M

k=1 δ(u − uk , v − vk) V ′(uk , vk)

3 V S = S V ′

4 ID = FV S

5 ID = FS ⋆ FV ′
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Weighting Functions - controlling the beam shape

1 W (u, v) =
∑M

k=1 Rk Tk Dk δ(u − uk , v − vk)

2 V W (u, v) =
∑M

k=1 Rk Tk Dk δ(u − uk , v − vk) V ′(uk , vk)

1 Rk - Reliability
Tsys√
∆t ∆ν

2 Tk - Tapering function

3 Dk - Density weighting function

6 / 19



The Tapering Function

1 Usually Tk = T (uk , vk) = T (uk)T (vk) = T (r)

2 Most useful when the relevant part of the (u, v) plane is
densely sampled and is not truncated by the edge of the (u, v)
plane

3 Inner (u, v) limit
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Impact of tapering on the PSF
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Density weighting function

1 Natural: Dk = 1

2 Uniform: Dk =
1

Ns(k)

3 Robust:
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PSF Weighting Example
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Trade-offs involved

1 High resolution

2 Sensitivity

3 Good sidelobe performance (low sidelobe levels)
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Gridding

1 Interpolation

2 Convolution

1 Predictable impact on the images
2 Convolve V W with some C and then sample this convolution

at centre of each cell of the grid

3 C = 0, outside some small bounded region, AC , support size.

4
∑M

k=1 C (uc − uk , vc − vk) V W (uk , vk)

5 V R = R
(

C⋆V W ) = R(C⋆(W V ′)
)

, where

R =
∑

∞

j=−∞

∑

∞

k=−∞
δ(j − u

∆u
, k − v

∆v
)
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Dirty Image

1 ĨD = FV R

2 ĨD = FR⋆
[

(FC ) (FV W )
]

3 ĨD = FR⋆ [(FC ) (FW⋆FV ′)]

4 (FR)(l , m) = ∆u ∆v
∐

(l∆u , m∆v) =

∆u ∆v
∑

∞

j=−∞

∑

∞

k=−∞
δ(j − l∆u, k − m∆v)

1 ĨD is periodic in l and m, with a period of 1/∆u and 1/∆v ,
respectively

2 Aliasing, due to convolution with the resampling function, FR
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Dirty Image

1 FFT generates one period of ĨD

2 To image Nl ∆θl rad, grid spacing should satisfy Nl∆u =
1

∆θl

3 Nl × Nm FFT yields a discreetly sampled version of ĨD .

4 Primary field of view - |l | < Nl ∆θl/2; |m| < Nm ∆θm/2

5 c = FC

6 ĨD
c (l , m) =

ĨD(l , m)

c(l , m)
- Corrected Dirty Image

7 B̃D
c (l , m) =

B̃D(l , m)

c(l , m)
- Corrected Dirty Beam (PSF)
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Imaging Process
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Imaging Process
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