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Exercise Sheet 9

1. a) Download the package TV_IRLS from the webpage. It contains a mat-
lab code for total variation minimization with Iteratively Reweighted Least
Squares (IRLS). In every IRLS step a functional consisting of a sum of
squared distances is minimized using Newton’s method. To apply Newtons
method we need the derivatives (up to order 2) of the squared distance func-
tion. Compute the derivatives for the Euclidean distance d(x, y) = ‖x− y‖2
and implement it in the function Subroutines/euc/euc_dist_der.m.

b) When you completed a) you can run the script image_denoise_sep.m. It
denoises a color image using the euclidean distance. Deduce from the output
the order of magnitude of the second Newton step and explain it.

c) Three images should be displayed, the original, the noisy and the denoised
image. Rerun the script once with very small and once with very large
lambda. What is the impact on the denoised image?

d) Another way to denoise/inpaint color images is to separate them into bright-
ness and chromaticity components and denoise/inpaint them independently.
Choose an image from the folder images or another image and separate it in-
to its brightness and chromaticity component. Use im2double to convert the
int8 values of the image into double. Display the images using the matlab-
function imshow.

e) The data of the chromaticity component are on the 2-dimensional sphere
S2. The distance is d(u, v) = arccos(uTv) for all u, v ∈ S2. Let α(x) :=
arccos2(x). Prove that
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Conclude that α and the square of the spherical distance can be extended to
a C2-function on the domain (−1,∞) respectively {u, v ∈ R3|uTv > −1}.

Bitte wenden!



f) Let f : Sn × Sn → R and f̄ : Rn+1 ×Rn+1 → R be an extension of f . Use
arguments of Exercise 2 on sheet 4 to show that Riemannian Gradient gradf
and Hessian Hessf of f satisfy

gradf(u, v)
(
du
dv

)
= gradf̄(u, v)

(
du
dv

)
and

Hessf(u, v)
(
du
dv

)
= PT(u,v)Sn×Sn

((
Hessf̄(u, v)−

(
uT ∂f̄

∂u
0

0 vT ∂f̄
∂v

))(
du
dv

))
,

for all u, v ∈ Sn, du ∈ TuS
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n where PT(u,v)Sn×Sn is the
orthogonal projection onto the tangent space of Sn × Sn at (u, v).

g) Run the script image_denoise_sep.m. It denoises the same image with the
same amount of noise as image_denois.m but by denoising the chromaticity
and brightness component independently. Change the variance of the noise
to v = 0.15 in image_denoise_sep.m and compare the output with the
output of image_denoise_sep.m.


