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FLEXISP
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JOINT OPTIMIZATION
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primal (solution image) dual (constraints)

; ] ¢
min 5 |z — AX||§ + ' (y), subject to| Kx =y

X,y /1 "\
image formation model

measurement

Algorithm 1 — First order primal-dual

Initialization: y7||K||* < 1, 8 € [0,1], (Xo,yo),

Repeat until convergence:
penalty: k1 — prox,m« (y* 4 yKxX

data fidelity: X — ProX.. !

extrapolation:




primal (solution image) dual (constraints)
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min — ||z — AX||§ + ' (y), subject to Kx =1y

X,y 2 /1

measurement

image formation model

Algorithm 1 — First order primal-dual
Initialization: y7||K||> < 1, 6 € [0,1], (x0,y°), 2% =x°.
Repeat until convergence:

penalty: yk+1 = ProxXyp+ (yk + yK)'(k )

data fidelity: xT1 = prox . (Xk _ KT yk+1)
extrapolation: X1 = xkt1 4 g (x¥+1 —xk




3.3.1 Data Fidelity Operator

The data fidelity (primal) step in Alg. 1 updates the current estimate x
of the latent image. Loosely speaking, this operator takes a gradient
descent step of the data term while remaining close to the argument
of the operator. From Egs. 2 and 4 we see that

(1 1
= proxgq(v) —argmin (3 [z~ Aul} + 3 Ju—v3).

u 27T
This is a simple least-squares problem, whose solution x is obtained
as the solution to the following linear system:

(TATA + I[) X = (rATz + v) . (7

There are many ways to solve this linear system, but as the matrix
1s symmetric and positive semi-definite, we can use the Conjugate
Gradient (CG) algorithm. The advantage of CG in our setting is that
the image formation model A and its transpose can be represented
algorithmically, without explicitly generating the system matrix.
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LINEAR SYSTEM

argmin, |z - Ax|,

errors w.r.t. observation
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LINEAR SYSTEM

argmin, |z - Ax|, + A(x)
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TOTAL VARIATION
(Rudin et al. ‘92)




CROSS-CHANNEL

(Heide et al. ‘13)
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LINEAR SYSTEM

argmin, |z - Ax|, + A(x)

—

Total variation Cross-channel i
(Heide et al. ‘13) denoising
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MORE ON PRIORS...
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CONVERGENCE (DEMOSAICKING)

—— Zeros
Averaging
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Short Exposur
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PERFORMANCE

Demosaic (5MP) _ 2.13
image burst (0.4MPx16) (I 0.82

Time on GTX Titan (seconds)
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PERFORMANCE

Demosaic (5MP) _ 40.5

Image burst (0.4MPx16) - 16.7

Time on Tegra K1 (seconds)
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Bayer Burst iHDR Color Camera Array

+ others such as:

deconvolution, super-resolution, JPEG compression, and de-blocking
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