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– During wireless transmissions packet loss
can occur; some measurements report 
averagesof about 3.6% of packet loss.

– Typical techniques are Forward Error 
Correction (FEC) and Automatic 
Retransmission Query (ARQ), which 
requireextra error correction packets to be 
transmitted.

– Other approaches include the use of 
available information carried out by 
surrounding blocks or by nearby motion 
compensated frames
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–Digital material is typically 
degraded due to physical 
problems in repeated 
projection or playback or 
simply the chemical 
decomposition of the original 
material.

–Typical problems: noise, dirt 
and scratches due to dust or 
abrasion.

–Manual retouching is highly 
required and automatic batch 
processing is limited to low 
degraded video sections (e.g. 
speckle noise, brighteness 
variation)
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• Be purely black/white

• Have clear border
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− Restrict computational complexity

− Automatic processing preferred
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− Presence of noise

− Illumination Change

− Blurry scene for fast motion

− …
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− Blotchy noise not readily modeled

− Decision rely on motion compensated results
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–to optimize the response time, too high to adopt the restoration 
algorithms in interactive modality

• e.g. recent digital restoration of the movie, named Rory O'Moreand 
produced by Sydney Olcott in 1911, has taken 134 hours.

•usual request is 0.1-0.2 fps

–to allow the use of highly specialized algorithms in order to 
ensure (possibly) automatic or semi-automatic restoration of 
degraded video of great quality.
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For all points (x,y,t) in  Ω,  the directional der ivativesof I(x,y,t) computed along 
the motion trajectory across  the two different directions      L+(t � t+∆t) and L- (t 
� t-∆t) are large
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– having a large dynamic range of scales; 

– intrinsically non-smooth due to edges and boundar ies; 

– the missing domains can have complicated topology;

– direct classical interpolation tools perform less ideally:
•polynomials   (Lagrange, Hermite, splines);

•linear filtering (Fourier, wavelets, linear (heat) diffusion);

•radially symmetric functions (as in spatial statistics).

�������������
�����
����



4$�����
��������������8

;�����6�-���������6�
�������:" α ������������������� �
��$��
�
������

�$���-

47)����
����8
– Blotch Detection

•Hard thresholding of Pr(b(x)=1): Spike Detector  Index (SDI)

– Blotch Removal
•Spatio-temporal extension of the reaction–diffusion method for texture
disocclusion (parameters α and CT) (���

������-"��111�$��"�+>>�)

CTbII nn ⋅=+←+ )1)(Pr()()(1 xxx α
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– Initialize b(x) field: 

– backward motion compensated frame difference 

– forward motion compensated frame difference

otherwise
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Reaction–diffusion method

• Diffusion and reaction have conflicting objectives. 

– The goal of diffusion is smoothing, while the goal of reaction is pattern 
formation.

• The reaction–diffusion method (Acton et al., IEEE TIP, 2001) is 
able to recreate the graininess and orientation of the original texture.

• It well compares with Level lines methods producing in most cases 
halved MSE.
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Reaction–diffusion method

Reaction–diffusion method

• The reaction–diffusion mechanism used for texturedisocclusion is 
for a specific image location x = (x,y,t) 

• Seeding the region with noise identically distributed as the 
intensities of the surrounding region

4� ���a random variable with density                       where  HE(i)  is 
the intensity histogram for region E.
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• In the reaction process, we 
encourage formation of patterns 
of a given granularity and 
directionality, corresponding to 
a localized area in the frequency 
domain covered by a specific
Gabor filter G

• Gx is theGabor filter 
matched to the dominant 
component at position x. 

• Given Gi(x) Gabor filters, 
i=1,…, n.

• At each pixel, we define the 
dominant component as the 
oneGi(x) that dominates the 
response of the filter that 
maximizes the selection 
criterion

4 ϕ ����������������Zhu and
Mumford, IEEE TPAMI 1997)
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–cd(x)   is chosen to be (Perona 
and Malik, IEEE TPAMI, 1990)

k being the maximum contrast 
(intensity difference) within the 
texture pattern in thesurrounding
area E.

–∇Id(x) is the directional 
derivative (simple difference) in 
direction d at location x.
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• Since anisotropic diffusion 
encourages intra-region, not 
inter-region, smoothing, the 
texture can be smoothed 
without eliminating edges.

• A discrete representation of
anisotropic diffusion PDE is
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• The reference data extracted 
from  the motion-compensated 
reference frames and used for 
interpolating the missing data 
may be erroneous
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Techniques/Treed Average error Standard deviation Density
Horn & Schunck 2,55° 3,67° 100%
Uras et al. 2,82° 2,73° 100%
Lucas & Kanade 2,76° 3,92° 100%
Fleet 6,54° 4,34° 100%
Nagel 2,94° 3,23° 100%
Anandan (l=3,w = 3) 7,64° 4,96° 100%
Singh (step 2, l=2, w=2) 8,60° 5,60° 100%
Our (l=4,w=3) 2,45° 2,56° 100%

Techniques/Treet Average error Standard deviation Density
Horn & Schunck 2,02° 2,27° 100%
Uras et al. 1,62° 1,52° 100%
Lucas & Kanade 2,65° 3,02° 100%
Fleet 2,56° 3,27° 100%
Nagel 2,44° 3,06° 100%
Anandan (l=3,w = 3) 4,54° 3,10° 100%
Singh (step 2, l=2, w=2) 1,25° 3,29° 100%
Our (l=4,w=3) 1,45° 0,88° 100%

Techniques/Yosemite Average error Standard deviation Density
Horn & Schunck 11,26° 16,41° 100%
Uras et al. 10,44° 15,00° 100%
Lucas & Kanade 12,04° 14,45° 100%
Fleet 13,25° 14,03° 100%
Nagel 11,71° 10,59° 100%
Anandan (l=3,w = 3) 15,84° 13,46° 100%
Singh (step 2, l=2, w=2) 13,16° 12,07° 100%
Our (l=4,w=3) 11,05° 10,50° 100%
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t-1

t

t+1

Reference 
frame
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Blotch detection and seeding
the region with noise

Restored frame

������������
�����

4#�
�������
���
–All operations are window-based operations 

–Data parallelism can be naturally exploited
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–SDI computation: all the operations are pixel-based

–Motion Estimation: 
•Backward and forward motion compensation are computed at each node 
in an asynchronous and multithreading manner 

• Two kinds of motion vectors can be considered:
– Local motion vectors involving pixels located in a single node
– Non-local motion vectors involving pixels belonging to more than one 

node

• Each node is let to run asynchronously and task scheduling based 
on message arrival is performed 

�)���?�������
�

• The processing at each node is divided into two 
categories:

–Processing of local motion vectors can be performed 
indipendently from other nodes 

–Processing of a part of a non-local motion vector can only 
performed after performing all local motion vectors

• Multi-threading at user level
–Whenever data useful for non-local motion vectors thread

are exhausted, instead of idling, the node switches to the 
local motion vector thread.

–Once new data arrives, the node switches to the global 
motion vectors thread

�)���?�������
�

• Two priority ready 
queues are adopted:

–Tasks leading to the 
computation of non-
local motion vectors

–Tasks leading to the 
computation of local 
motion vectors

4 $��� ���
������ ;���
�������
���� 

� �� )��*���
�����
3�
��'>���
��)��

�����
�
�� 

� ������+ �����
3�
��
�C���!�D>>>�

����

4 $����
���;���;�����
�)��
����
�
�� ���� ���� ��6���3� �;���
)��
����������E7�

4 �E7� ����� 	
�� �
���
�� �
��
�
������
�� ���� ������ ����� ���


���

���������
��������
�����
�����

$������B)�
���

•Several motion picture sequences from:
- the website Internet Moving Images Archive: Movie Collection 
(http://www.archive.org/movies/ )

- Kokaram book 

- kindly provided by Dyte s.r.l. (mutimedia data processing firm), Italy
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• Almost-static sequence with 
severe blotchy noise: (view of 
Golden Gate Bridge)

• Complicated scene with lots of 
motion and heavy noise (scene of 
people walking around on Golden 
Gate Bridge)

• Scene containing some apparent 
motion and also obvious noise 
(closing up show of man and a 
flying flag )

• Scene with lots of motion but less 
noticeable noise (children playing 
with swings and running)
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