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Inverses problems
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• General non linear inverse problem: g(s) = [Hf (r)](s) + ²(s), • Linear model: g(s) =



Z



r ∈ R,



s∈S



f (r)h(r, s) dr + ²(s) R



• Discretized version g = h(f ) + ²



or



g = Hf + ²



where g = {g(s), s ∈ S}, ² = {²(s), s ∈ S}



and



f = {f (r), r ∈ R}



• Multi sensor imaging gi =



N X



Aij Hj fj + ²i ,



i = 1, · · · , M



j=1



where A = {Aij , i = 1, · · · , M, j = 1, · · · , N } is an unknown mixing matrix. & 3
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Fourier synthesis in optical imaging Z £ ¤ t g(ω) = f (r) exp −jω r dr + ²(ω)



• Non coherent imaging:



G(g) = |g|



−→



g = h(f ) + ²



• Coherent imaging:



G(g) = g



−→



g = Hf + ²



g = {g(ω), ω ∈ Ω},



² = {²(ω), ω ∈ Ω}
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Single channel image restoration



$



²(x, y)



? f (x, y) -



h(x, y)



- +



Observation model :



- g(x, y) = h(x, y) ∗ f (x, y) + ²(x, y)



g = Hf + ²
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Color (Multi-spectral) image deconvolution
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²i (x, y) fi (x, y) -



h(x, y)



Observation model :



? - + - gi (x, y) = h(x, y) ∗ fi (x, y) + ²i (x, y)



g i = Hfi + ²i ,



i = 1, 2, 3



? ⇐= &
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Image fusion and joint segmentation



g1 (r)



$



Fusion ? =⇒



z



g2 (r) gi (r) = fi (r) + ²i (r), g(r) = {gi (r), i = 1, M }, &



i = 1, · · · , M



g i = {gi (r), r ∈ R},



g(r) = f (r) + ²(r), 7



g = {g i (r), i = 1, M }



g =f +²
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Blind image separation and joint segmentation



gi (r) = f1 (r)



j=1



Aij fj (r) + ²i (r)



g(r) = {gi (r), i = 1, M }



? f2 (r)



PN



g1 (r)



g(r) = Af (r) + ²(r), g = {g i (r), i = 1, M }



Separation



g i = {gi (r), r ∈ R},



⇐= g2 (r)



g = Af + ²



f3 (r) &
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X ray Tomography 3D
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2D Projections



80



60 f(x,y)



y 40
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gφ (r1 , r2 ) =



Z



f (x, y, z) dl Lr1 ,r2 ,φ



−60



−40



gφ (r) =



−20



Z
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f (x, y) dl Lr,φ



Forward problem: f (x, y) or f (x, y, z) −→ gφ (r) or gθ,φ (r1 , r2 ) &



Inverse problem: gφ (r) or gφ,φ (r1 , r2 ) −→ f (x, y) or f (x, y, z) 9
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X ray Tomography and Radon Transform
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3D Computed Tomography / 3D Shape from shadows



3D Computed Tomography
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3D Shape from shadows
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3D Computed Tomography / 3D Shape from shadows



3D Computed Tomography



3D Shape from shadows
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Deterministic methods
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Data matching • Observation model



i = 1, . . . , M −→ g = H(f )²



gi = hi (f ) + ²i ,



• Misatch between data and output of the model ∆(g, H(f )) • Examples: – LS



b = arg min {∆(g, H(f ))} f f



2



∆(g, H(f )) = kg − H(f )k =



X



|gi − hi (f )|



2



i



– Lp – KL



p



∆(g, H(f )) = kg − H(f )k = ∆(g, H(f )) =



X i



X



p



|gi − hi (f )| ,



1 
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