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Motivation

Variational methods for image process-
ing heavily rely on appropriate regulariza-
tion functionals. Our goal is to suitably
extend spatial regularization approaches
to the spatio-temporal setting. When
considering spatio-temporal TV regular-
ization for instance, the weighting of
space with respect to time has to be
fixed, a degree of freedom which bal-
ances between spatial and temporal reg-
ularization. Choosing 0 < ε � 1 and
defining for example

Frame of original video

Frame of degraded video

TVεt(u) =
∫ √

(∂x1u)2 + (∂x2u)2 + ε(∂tu)2

and
TVεx(u) =

∫ √
ε(∂x1u)2 + ε(∂x2u)2 + (∂tu)2,

it can be observed in the figure below, that TVεt gives a good
frame wise reconstruction but suffers from background flick-
ering while TVεx gives a stable background but suffers from
motion artifacts. Our approach to overcome this is to use
the infimal convolution of two total variation functionals with
different norms as regularization:

ICTVε(u) = min
v

(
TVεt(u − v) + TVεx(v)

)
.

TVεt reconstruction TVεx reconstruction ICTVε reconstruction

Second order ICTGV
A generalization of the above concept to higher order regu-
larization in space time can be defined as

ICTGV2
β(u) = sup

{∫
Ω

uφ |φ = div2 qi , with qi ∈ C2c(Ω, Sd×d),

‖| divl qi|β∗l ,i‖∞ ≤ 1, l = 0, 1, i = 1, 2
}
,

where | · |β∗l ,i denotes the dual norm of an arbitrary norm on
Rd . This optimally balances between two TGV functionals
employing different norms and can equivalently be written as

ICTGV2
β(u) = min

v
TGV2

β·,1
(u − v) + TGV2

β·,2
(v).

MRI Reconstruction
For the reconstruction of dynamic MRI data1, we solve

min
u

ICTGV2
β(u) + λ

∑
t,c
‖Ft(bcut)− dt,c‖22,

where
• t, c index different time-
frames and coils, respec-
tively,

•Ft is a Fourier transform
with time dependent mask-
ing,

•bc are the complex valued
coil sensitivities,

•dt,c is the given, sub-sampled
data.

1Data from the ISMRM, subsampling factor ≈ 11
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MPEG Decompression
MPEG operates blockwise and performs block-matching and
a quantization of block-cosine coefficients for compression.
Consequently, an MPEG compressed file provides information
about a linear block-cosine data to movie operator A and in-
terval bounds for block-cosine data (Ji)i . Denoting by S a
subsampling operator to account for additional color subsam-
pling and defining Ŝ such that SŜ = Id, variational MPEG
decompression using the spatio-temporal regularization func-
tional R can be written as

min
d ,s
R(s + ŜAd) + Iker(S)(s) + I{di∈Ji}(d)

Standard reconstruction Variational, R = TGV2
α Variational, R = ICTGV2
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