9.3.4 Position Space Filter

Reconstructed signal in position space:

dk k ,—ikx

Reconstructed mean in position space:
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9.3.4 Position Space Filter

Fourier transformed spectral filter:

— dk* —ikr — gk €_ikr

Power spectrum of the mean:
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9.3.5 Example: Large-Scale Signal

> white noise: P(k) = o2
NY = (n'n)) =d(x - y)o = Cplx —y)
Nk = /dx/dye’kx5 0',216 iy — =0 /dxe( Dx — (27r)”5(k—q)a,%
> signal with a red signal spectrum: Py (k) = o2 (k/ko) >
Spectral filter function:
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9.3.5 Example: Large-Scale Signal

Position Space filter:

dk q2 i q2 /oo e—ikx
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Cauchy’s Residue Theorem

f(k): analytical function

~v: closed path in complex plane

{ki, ...k, }: singularities of f inside

I(~y, k): winding number of the path with respect to a point k

Residuum:

Res(f, ki) = f(k) (k— kp)|r=x,

Cauchy’s Residue Theorem:

515 dkf(k) = 2mi y I(y, ki) Res(f, k)
,

=1




9.3.5 Example: Large-Scale Signal

Forx < 0,x = —|x]| :
dk qZ i s eik|x| iq2ei(iq)\x| qg _
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9.3.6 Deconvolution

> P(s, n) = G(s, $)G(n, N)
> S, N homogeneous
> Ry =b(x—y)

& = /dxb(y —x)s" +n’
Fourier space:

dk

(b s)k 4 = /dye”w [/dxb(y—x)sx—i—ny}
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9.3.6 Deconvolution

Response:

R,
Signal covariance:

Gk’
Noise covariance:

Nig
Uncertainty covariance:

D

= (2m)5(k — K) b(k)

= (n) (k- k) Py(k)

= @2n)"5(k — k) Pa(k)

= (n)"s(k — ') Pp(k)



9.3.6 Deconvolution

Calculation of the power spectrum:

D =""+Mm!
M  =RIN"IR

Fourier space:

M* - (RTN*IR) “




9.3.6 Deconvolution

Information source in Fourier space:

) _ b(k) dy
= (RIN7'd) =
Jk ( )k Palk)
Signal mean in Fourier space:
—k
. PS Pl”l k b

1+ (PyPg/P,) (k)



Fidelity Operator

(Po/Pn)(K)B* [ PPr/Py b
) 1+ (P,PR/Py) (k) (1 —i—PfPR/P,, PR> (k)
Fidelity Operator: Q = SRIN"'R
Poll) =)
= £(K) Po(k) b(k) _ Po(k) 1

T 1+ Po(k) Pr(k) 1+ Po(k) b(k)

1 1 ifPQ(k) > 1

= ——~ § Polk if Po(k) < 1

b(k) Q( ) Q( )
<1

High fidelity regime (hifi): Py (k) > 1
Low fidelity regime (lofi): Po(k) < 1



Fidelity Operator

Signal mean:

mt = (fd)
P (k) 1
= 1+‘~},Q(k)m<b<k>sk+nk>
Po(k)




Fidelity Operator

Signal mean power spectrum:

1

ifPQ(k) > 1
1fPQ(k> <1



9.3.7 Missing Data

Transparency/ Transfer operator:

| ifxdQ
T: = d(x—y)P(x¢ Qlx, ), P(x¢ Qlx, Q) =
; <y><§é|><§é\>{0ifxEQ
Modified data:
d* = Rj,T;‘/sy +n' = R;’Csy +n

Modified information source:

Joo = RDYVa



9.3.7 Missing Data

Modified propagator:

D = (5

= (5 +RTN—1R (RTN—‘R—R/TN—IR’))—’
(ST'+RINTIR - A)!
(

STT+M—A)!

Blocking operator:



9.3.7 Missing Data

For local M = RIN'R = g(x) 6(x — y):

» Rx d(x—y)

» white noise

= A

RINT'R — RINT'R
RINT'R - T'RINT'RT
RIN"'R — (1—-B)'RIN"'R(1—-B)
RIN'R—RIN'R—B'RIN'RB+BM+MB

N——

=M

—-B'MB+B'M+MB
B'M B



9.3.7 Missing Data

Expansion of the modified propagator:

D = (S'+Mm—-A)"!

(D' =)

D (1 — AD)™!

D (1l + AD + ADAD +...)
= D+ DAD+ DADAD + ...

= DY = DY} Dxx/Ax/y/Dyly + O(Az)
D + D% g() DY,

Z



9.3.7 Missing Data

Reconstructed signal map:

Dlxy j/
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