Scene-Cut Processing in Motion-Compensated
Temporal Filtering

Maria Trocan and Béatrice Pesquet-Popescu

ENST, Signal and Image Processing Department
46, rue Barrault, 75634 Paris, France
{trocan, pesquet } @tsi.enst.fr

Abstract. Motion-compensated temporal filtering (MCTF) is a power-
ful technique entering scalable video coding schemes. However, its per-
formance decreases significantly if the video signal correlation is poor
and, in particular, when scene-cuts occur. In this paper we propose an
improved structure for MCTF by detecting and processing the scene-cuts
that may appear in video sequences. It significantly reduces the ghost-
ing artefacts in the temporal approximation subband frames, providing a
higher quality temporal scalability, and dramatically improves the global
coding efficiency when such abrupt transitions happen.

1 Introduction

The 3-D subband schemes (¢t 4+ 2D) exploit the temporal interframe redundancy
by applying an open-loop temporal wavelet transform over the frames of a video
sequence. Temporally filtered subband frames are further spatially decomposed
and can be encoded by different algorithms such as 3D-SPIHT [1] or MC-EZBC
[2].

A weakness of the existing ¢t + 2D video codecs is related to the way the
temporal filtering behaves near scene changes. Usually, the input video signal is
partitioned into GOPs and temporally filtered without checking the correlation
between the GOP frames. Moreover, the sliding window implementation of the
temporal filtering is done using frames from adjacent GOPs in the processing of
the current GOP. When the input signal involves complex motion transitions,
and especially scene-cuts, this can translate into inefficient prediction/update
operations, leading to poor quality results and also to reduced temporal scala-
bility capabilities.

Several attempts to avoid the artefacts related to these abrupt changes have
already been proposed for hybrid coding, such as the scene-cut detection and
content-based sampling of video sequences [3] or video segmentation using en-
coding cost data [4], alleviating but not completely solving this problem.

In this paper we present a motion-compensated temporal transform coding
scheme, specifically adapted to the detection and processing of the uncorrelated
shots of the input video sequence. After the scene-cuts are detected, we encode
each set of frames between two consecutive scene-cuts separately, by adapting



the temporal filtering to cope with arbitrary number of frames in a shot. An
advantage of our scheme is that scene-cuts once eliminated, MCTF efficiency is
maximal, as for highly-correlated video signals. The problem is related to border
effects, and therefore is much easier to cope with in case of Haar MCTF. How-
ever, it has been shown [5-7] that the use of longer bidirectional filters, like the
5/3 filter bank, can take better advantage of the temporal redundancy between
frames. Existing methods for adaptive GOP structure in the MCTF framework
[8,9] basically detect changes and limit the number of temporal decomposition
levels based on a measure of unconnected pixel percentage. However, compared
with our approach, this technique does not make a strict correspondence be-
tween the scene cut and the GOP boundary. Our proposed approach varies the
GOP size only on the frames previous to the transition, and these frames are
encoded in several GOPs of power of two sizes. In this way, the scene cut does
not span any GOP. We present therefore our scene-cut processing method in the
framework of 5/3 MCTF, but our proposal can be adapted to other temporal
filters.

The paper is organized as follows: in the next section, we recall the classical
motion-compensated 5/3 temporal transform and present the method proposed
in this framework for scene-cuts detection and processing. Section 3 illustrates
by experimental results the coding performance of the proposed scheme. We
conclude in Section 4.

2 Scene-cut Detection and Processing

The MCTF approach consists in a hierarchical open-loopsubband motion- com-
pensated decomposition. Let us denote by x; the original frames, ¢ being the time
index, and by h; and [; the high-frequency (detail) and low-frequency (approx-
imation) subband frames, respectively. For the 5/3 filterbank implemented in
lifting form, the operators allowing to compute these subbands are bidirectional,
and the equations have the following form (see also Fig. 1):
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Fig. 1. MCTF with bidirectional predict and update lifting steps.
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where F(z,v;) is the motion prediction operator, compensating the frame x;
by projection in the direction of the motion vector field vy, and v;, v, are
the forward and backward motion vectors predicting xo;11, respectively . The
notation F~1(hs,v¢) corresponds to the compensation of the h; frame in the
opposite direction of the motion vector field v;. Indeed, in general the motion
prediction is not an invertible operator. Unconnected and multiple connected
pixels are processed as detailed in [10].

When the input sequence involves complex motion transitions, this can trans-
late to inefficient prediction/update operations, leading to poor quality results
and temporal scalability capabilities, as illustrated in Fig.2. One can remark in
particular the energy of the detail frames, which need to be encoded, and also
the poor visual quality of the approximation frame, very penalizing for temporal
scalability.

In the following, we suppose the scene-cuts have been detected, and we
present the algorithm used for change detection at the end of this section.

First, the temporal filtering needs to be changed in order not to filter over a
scene-cut. The second modification is related to the encoding of the last group
of frames (GOF) before the scene-cut.

To this end, both the predict and update steps have to be modified near
the end of the first scene, as illustrated in Fig. 3. For sequences processed ho-
mogeneously, the temporal subbands resulting from the MCTF are encoded by
GOFs of 2¥ frames, where L is the number of temporal decomposition levels that
were performed. When a scene-cut occurs in a sequence, the GOF just before
the change will have in general a different number of frames. If we denote its
number of frames by A, and write this number as:

L-1

§ : l
An = (a0a1 .. .aL,1)2 = CL[2 ,

=0

then we shall decompose the GOF in smaller GOFs, in decreasing order of their
size: a; 2!, 1 € {0,...,L — 1}, a; € {0,1}, which will be filtered and encoded
separately. This also corresponds to changing the number of temporal decompo-
sition levels and filtering operations for these sub-GOF's. Indeed, we can do only
I temporal decomposition levels for a sub-GOF of size 2!, [ < L. Moreover, the
prediction across the scene-cut is inhibited, as well as the usage of the reverse
motion vector field over the same transition, during the update step. After the
scene-cut, the normal filtering with “sliding window” is started, the effect of the
scene cut being only a slight modification of the filters to take into account the
induced border effects.

Now that we have explained the modifications in filtering and coding in order
to take into account scene changes, we turn to the detection of such transitions.
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Fig. 2. Approximation (a) and detail (b) frames in a GOF without scene-cut. Ap-
proximation (c) and detail (d) frames when the GOF contains a scene-cut (first part:
“foreman” sequence, second part: “mobile” sequence).

Several criteria for scene-cut detection have been proposed in the literature,
like: the variation of the relative energy of the displaced frame difference (DFD)
along the sequence [11], the energy and angle distribution of the motion vector
fields in consecutive frames [12], by keeping track of the percentage of the un-
connected pixels, estimated after motion estimation [13] or using unsupervised
segmentation and object tracking [14].

For our simulation we have used, as detection criteria, the variation of the
relative energy of the DFD along the sequence. If the displaced frame difference
between two successive frames is computed as:

dy = DFD(fCt, $t+1) =11 — F(wy, ’Ut) (2)
then the variation of the relative energy of the DFD is computed as:
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Fig. 3. Scene-cut processing over two temporal levels for a 10-frames video shot.

When the input signal is highly-correlated, the variation of the relative energy
of the DFD along the sequence is almost constant (i.e. A ~ 1). We say a scene-
cut is detected when the variation of relative energy has a rapid change. For
appropriately chosen parameters 7 and 75, we say that the scene-cut occurs
after the frame 29,11 when:

(4)

|A2t — 1| < T
[Agpr1 — 1| > 7o

3 Experimental results

For simulations, we considered a high-definition video sequence (HD format:
1920x 1280, 60 fps) from the “Erin Brockovich” movie, containing 180 frames and
3 scene-cuts: after the 44*", the 80" and respectively, the 161*" frame. Moreover,
in order to work on a representative set of test sequences, we also built several
test sequences obtained by concatenating parts of the standard CIF sequences
at 30 fps: Foreman and Mobile (i.e.: MF_18 x 16 - video file containing the first
18 frames from Mobile and the next 16 frames from Foreman, FM_16 x 16 - with
the first 16 frames from Foreman, followed by the first 16 frames from Mobile).
The aim was to test all possible configurations for the number of frames in the
GOF previous to the scene-cut. In order to detect the abrupt scene transitions,
the values of 71 and 79 were empirically determined as being equal to 0.1 and



0.4, respectively. These parameters ensured that all the scene-cuts were detected
and no false alarms appeared for the considered sequences. Sequences with fade
or dissolve transitions can be processed with the described MCTF scheme, but
the detection method should be replaced with an appropriate one, as described
in [15].

The target number of decomposition levels for motion-compensated 5/3 tem-
poral filtering is L = 4. The coding procedure is based on the MC-EZBC codec
and the used motion estimation algorithm is a Hierarchical Variable Size Block
Matching (HVSBM) one. The motion vectors have been estimated with 1/8
pixel accuracy and the temporal subbands were spatially decomposed over 4 lev-
els with the biorthogonal 9/7 wavelet. The encoding of the entire YUV sequence
was performed, but the results are further expressed only in terms of average
YSNR.

YSNR (dB) [6000 kbs|8000 kbs|12000 kbs
SC-MCTF 36.4227 | 36.8639 | 37.6387

MCTF 34.9281 | 35.7519 | 36.5217
Table 1. PSNR results of 5/3 MCTF with and without scene-cut processing for “Erin
Bronckovich” - (HD, 60fps, 180 frames).
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Fig. 4. Rate-distortion curves for 180-frames HD Erin Brockovich sequence.

The importance of correctly processing the scene-cuts is illustrated in Fig. 4,
Fig. 5 , as well as in the Tables 1-2, where the rate-distortion performances for
5/3 MCTF with (denoted in these tables by SC-MCTF) and without (simply
denoted by MCTF) scene-cut processing are compared. It can be easily noticed
that in all the cases our scheme performs better, achieving a gain between 0.5



MF_18x16 sequence (30fps)
YSNR (dB) |512 kbs|768 kbs|1024 kbs|1536 kbs
SC-MCTF [30.1185(32.3141| 33.7612 | 35.6489
MCTF 23.9811(28.5192| 30.4135 | 32.8334
FM_16x16 sequence (30fps)
YSNR (dB) |512 kbs|768 kbs|1024 kbs|1536 kbs
SC-MCTF |[30.3151|32.7043| 34.1021 | 35.9510
MCTF 26.4706|30.3061| 31.8275 | 33.8650
Table 2. PSNR results of 5/3 MCTF with and without scene-cut processing for the
“MF_18x16” and “FM_16x16" sequences.

dB and 2.0 dB over a classical MCTF. Results in Fig. 4 indicate that reducing
the GOF size (from 16 to 8 frames) can alleviate the problem of scene-cuts
by decreasing their influence, but a correct processing of these zones allows us
both to take advantage of the temporal correlation in homogeneous shots and to
increase the coding efficiency. It can also be observed that our proposed technique
outperforms the one described in [8,9].
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Fig.5. PSNR for the “MF_18x16" (a) and “FM_16x16" (b) sequences, with and with-
out scene-cut processing. Scene-change after the 18" and respectively, 16" frame.

4 Conclusion and Future Work

In this paper, we proposed an improved version of the 5/3 MCTF coding scheme,
able to detect and process the scene-cuts appearing in video sequences. The lift-
ing structure of the filters has been modified such that the filtering does not
encompass the scene-cut. Moreover, the coding units were reduced to accommo-
date this change. As can be observed from the experimental results, our method



gives an average YSNR gain of about 1.5 dB on the tested video sequences and
higher for frames close to the scene-cut.

The presented method supposes the scene-change detection algorithm to be

applied before starting the encoding process. In future work, we will focus on
improvements allowing to process in one pass the video sequence, by performing
the scene-cut detection during the encoding process.
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