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(57) Abstract: The invention is made in the field of error concealment. In particular, the invention relates to recovering of a lost
enhancement layer macro block of an enhancement layer frame (E2) encoded in a spatial-scalable video coding signal. An inter
layer error concealment method known from prior art is Reconstruction Lower Layer Upsampling (RU). Precondition for prior art
Reconstruction Lower Layer Upsampling (RU) is the availability of a lower layer frame corresponding to the enhancement layer
frame (E2) from which a macroblock is lost. For removing this precondition, the invention proposes generating a lower layer mac-
roblock using macroblocks comprised in lower layer frames (Bl, B3) non-coincident with said enhancement layer frame (E2). The
generated lower layer macro block is then upsampled to enhanced layer resolution and used as concealment after upsampling.
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Method and device for recovering a lost macroblock of an
enhancement layer frame of a spatial-scalable video coding

signal

TECHNICAL FIELD

The invention is made in the field of error concealment. In
particular, the invention relates to recovering of a lost
enhancement layer macro block encoded in a spatial-scalable

video coding signal.

BACKGROUND OF THE INVENTION

Scalable video coding (SVC) is an approach towards
provision of same content in different qualities in a
single video stream. The difference in quality may be
related to temporal resolution, to spatial resolution or to

signal-to-noise resolution.

In spatial scalable video coding, image frames of a video
are encoded in a spatial lower layer and one or more
enhanced spatial layers. While the lower layer provides a
low resolution version of the video frames, the enhanced
spatial layers carry higher resolution versions of the same

content.

When the compressed video is transmitted over error-prone
networks, channel errors, e.g. packet loss, are inevitable,
and since compressed data are very vulnerable to channel
errors, even a single bit error may corrupt a whole
picture. In other cases, such as real-time communication,

video is usually transmitted via unreliable UDP packets
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without any possibility for retransmissions at the
transport layer. Each UDP packet contains Cyélié Redundancyz
Check (CRC) allowing error detection. If a CRC féils, the
whole UDP packét is discarded. A UDP packet represents a
rather lafge part of the picture and its loss usually

results in the discarding of the whole picture.

To tackle the frame loss problem in SVC, in Cheng Y., Xie
K, Zhang F., Pandit P., Boyce J.: “Frame Loss Error
Concealment for SVC” , Journal of Zhejiang University
Science A, 2006 7(5): 677-683, the authors proposed four
different picture-loss concealment methods: frame copy (FC)
and temporal direct motion vector generation (TD) which are

intra-layer concealment methods as well as residual

~upsampling (BLSkip), and reconstruction lower layer

upsampling (RU) which are inter-layer concealment methods.

In the “frame copy” (FC) algorithm, each pixel value of the
concealed frame is copied from the corresponding pixel of
the first frame in Reference Picture List 0O (RefPicListO0).

This algorithm can be invoked for any layer.

In the “temporal direct motion vector generation” (TD)
algorithm, the MVs and reference indices of each subblocks
of the missing frame are calculated as if they were coded
using the “temporal direct mode”. This algorithm can be

invoked for any layer.

Motion and Residual Upsampling (BLSkip) is an inter layer
error concealment method wherein information from a lower
layer which may be the lower layer are used for error
concealment in an enhanced layer. In the “motion and

residual upsampling” (BLSkip) algorithm, SVC tools are used
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and the BLSkip mode is set in the enhancement layer.
Residual upsampling is also used to upsample the residual
of the lower layer for enhanced layer. However, the motion
compensation is done at the enhanced layer using the
upsampled motion fields. This algorithm can directly be
used for the enhanced layer if there is no packet loss in
the lower layer. If the lower layer is also lost, it needs
to generate lower layer motion vectors using TD method in

lower layer before BLSkip can use motion field upsampling.

Another inter layer error concealment method is
Reconstruction Lower Layer Upsampling (RU). In the
“reconstruction lower layer upsampling” (RU) algorithm, the
lower layer picture is reconstructed and upsampled using
the H.264/AVC 6-tap filter for the lost enhanced layer
picture. If lower layer packet is also lost, the FC method
is used for the enhancement layer, rather than using an

upsampled concealed lower layer picture.

In “Analysis of Error Propagation in Hybrid Video Coding
with application to Error Resilience”, N. Farber, K.
Stuhlmuller, B. Gired, Proc. ICIP: 550-554, October 1999,
the authors introduce a selection-based EC strategy in
which one of the four EC methods is adaptively selected to

minimize the visual degradation of the concealed picture.

SUMMARY OF THE INVENTION

Precondition for error concealment using Reconstruction
Lower Layer Upsampling (RU) as known from prior art is the
availability of a lower layer frame corresponding to the
enhancement layer frame for which a macroblock is lost or

defect.
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For overcoming this precondition and allowing for more
flexible use of RU, a method and device for recovering a
lost macroblock of an enhancement layer frame of a spatial-
scalable video coding signal are proposed, the method
comprising the features of claim 1 and the device being

adapted fro performing said method.

Said method comprises using reconstruction lower layer
upsampling for recovering said lost macroblock, wherein a
generated lower layer macroblock is upsampled, said
generated lower layer macroblock is generated using
macroblocks comprised in lower layer frames non-coincident
with said enhancement layer frame and said lost macroblock

is recovered from the upsampled lower layer frame.

The features of further advantageous embodiments are

specified in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention are illustrated in
the drawings and are explained in more detail inAthe
following description. The exemplary embodiments are
explained only for elucidating the invention, but not
limiting the invention’s disclosure, scope or spirit

defined in the claims.

In the figures:

Fig. 1 exemplarily depicts SVC coding structure with two

dependency layers with different frame rate and
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Fig. 2 exemplarily depicts the proposed solution of
temporal interpolation lowerd SVC error

concealment.

EXEMPLARY EMBODIMENTS OF THE INVENTION

The invention can be realized on any e€lectronic device
comprising a processing device correspondingly adapted. For
instance, the invention can be realized in a set-top-box, a
television, a DVD- and/or BD-player, a mobile phone, a
personal computer, a navigation system or a car video

system.

An exemplary first SVC coding structure with error
concealment is depicted in fig. 1. The figure shows an
enhanced layer EL comprising the image frames E1l, E2, E3,
E4 and E5 and a lower layer LL which comprises the images

frames B1l, B3 and B5.

The enhanced layer EL is spatially as well as temporarily
enhanced. That is, frames El, E3 and E5 comprise the same
content as frames Bl, B3 and B5 but at a higher spatial
resolution as indicated by the number of gquadrangles
comprised in the frames. Furthermore, the enhanced layér EL
provides the same content with a higher temporal resolution
as it comprises the frames E2 and E4 for which no
corresponding lower layer frame is comprised in the lower

layer LL.

Assumed that a macroblock from picture E5 is lost or
damaged, as indicated by the dashed line, picture E5 may be

replaced by an up-scaled version of picture B5.

But, 1f a macroblock of picture E2 or picture E4 is lost or

damaged there is no corresponding lower layer frame from
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which a collocated lower layer macroblock can be upsampled
to enhancement layer resolution for concealing the lost

macro block.

Still, RU can be the packet recovery method which promises
the lowest overall visual degradation resulting from

concealment error and error propagation.

Hence, the current invention proposes generating a
corresponding lower layer macroblock, which can be
upsampled for recovering the lost enhancement layer
macroblock, if said corresponding collocated lower layer
macroblock is not available. Unavailability of the
corresponding lower layer macroblock can be due to the

lower layer’s lower frame rate or due to packet loss.

This is exemplarily depicted in Fig. 2 wherein the
enhancement layer frame which suffered a macroblock loss is
E2(loss). As a collocated lower layer macroblock does not
exist, the corresponding lower layer macroblock is
generated using frame interpolation technology. That is, a
preceding lower layer frame Bl and a subsequent lower layer
frame B3 are used for determining optical flow OF to get
corresponding pixel motion directions between the preceding
lower layer frame Bl and the subsequent lower iayer frame
B3. Then, the pixel motion directions are clustered.
Finally, a least squares minimization method is used to get
pixel values of said corresponding lower layer macroblock.
In an embodiment, the clustered pixel motion is used for

segmentation of the frame to-be-generated.
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The corresponding lower layer macroblock is then upsampled
to enhancement layer resolution and used as recovery of the

lost enhancement layer block.

In an embodiment, the current invention proposes a temporal
interpolation based method to conceal the transmission
error of SVC bit stream to keep the continuity of the
rendered video. It can be applied to SVC bit streams having
different layers with different frame rate but is not
restricted to such bit streams. The invention allows for
reconstructing the signal of the higher spatial layer by a
lower spatial layer signal. The invention can be applied to
higher layer frames of any SVC signal of two or more
layers. In an embodiment, the invention proposes adopting
image processing methods to generate non-existing lower
layer frames. In doing said image processing on lower layer

frames, time cost of image processing can be controlled.
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CLAIMS:

1. Method for recovering a lost macroblock of an
enhancement layer frame (E2) of a spatial-scalable video
coding signal, said method comprises using reconstruction
lower layer upsampling (RU) for recovering said lost
macroblock, wherein a generated lower layer macroblock is
upsampled, said generated lower layer macroblock is
generated using lower layer frames (Bl, B3) non-coincident
with said enhancement layer frame (E2) and said lost
macroblock is recovered from the upsampled lower layer

frame.

2. Method of claim 1, wherein said non-coincident lower
layer frames (Bl, B3) comprise a preceding lower layer
frame (Bl) and a succeeding lower layer frame (B3), said
method further comprising generating an interpolated frame
(B2*) by interpolating between the preceding lower layer
frame (Bl) and a succeeding lower layer frame (B3) and
selecting, from the interpolated frame (B2*) a base layer
macroblock collocated with the lost enhancement layer

macroblock.

3. Method of claim 2, wherein the interpolated frame (B2%*)
is generated by: determining optical fléw (OF) to get pixel
motion directions by determining corresponding pixels in
said preceding lower layer frame (Bl) and said succeeding
lower layer frame (B3), clustering the pixel motion

directions, using the clustered pixel motion directions for
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determining pixel values of the generated lower layer

macroblock using a least square minimizing method.’

4. Device for performing the method of one of the preceding

claims.
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