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ABSTRACT

The new MPEG-21 standard defines a multimedia
framework to enable transparent and augmented use of
multimedia resources across heterogeneous networks and
devices used by different communities. In this paper, we
incorporated the Perceived Motion Energy (PME) Model
into the proposed MPEG-21 Digital Item Adaptation
Framework for frame dropping in H.264 encoded video
adaptation. There are two advantages of this work, one is
the use of PME model to reduce the viewer’s perceived
motion jitter due to frame dropping to a minimum. The
other is the adaptation nodes can easily apply frame
dropping operations without knowledge of detailed
encoding syntax of H.264 videos.

1. INTRODUCTION

In the context of video adaptation, dropping frame is a
simple and efficient method for rate adaptation. However
users will perceive the loss as motion jitter and motion jitter
is heavily dependent on the motion patterns in the video
sequence. To minimize the effort of motion jitter, it is
reasonable to analyses motion information and drops the
frames that are visually less important in the human
perception system.

In another aspect intermediate video adaptation nodes
with limited processing capabilities can hardly handle
complex adaptation and may not support some video
formats especially new standards such as H.264. Generic
Bitstream Syntax Description (gBSD), a component of the
new standard MPEG-21 Digital Item Adaptation (DIA),
provides a format-independent multimedia adaptation
mechanism which can also be used to convey information

This work is partially supported by Chinese National Science
Foundation (Project No0.60202005).

0-7803-8554-3/04/$20.00 ©2004 1IEEE.

such as results of motion analysis on video sequences to
intermediate adaptation nodes.

In this paper, we use the Perceived Motion Energy
(PME) [1-2] Model, which provides a good representation
of motion information to determine the importance of
frames to human perception, for H.264 encoded videos. We
incorporated this model into MPEG-21 DIA Framework by
generating the gBSD embedded with PME information for
H.264 videos. A gBSD Adaptation Engine interprets this
description, dropping the less important frames to satisfy
the bandwidth constraint or limited display capability of
devices. Our work focuses on dropping B-frames in H.264
because of its simplicity and the fact that B-frames makes
up two-third of all frames and about 30-40% of the total
size in H.264 video sequences. (Although B-frames can be
used as reference frames in H.264, it is not used in the test
model).

There are two advantages in this work. One is the use of
PME to reduce to a minimum the viewer’s perceived
motion jitter due to frame dropping. The other is that
adaptation nodes can easily apply frame dropping without
knowledge of detailed encoding syntax of H.264 videos.

The remainder of this paper is organized as follows.
Section 2 briefly introduces the Perceived Motion Energy
Model and its modification for H.264 videos. Section 3 is
the description of MPEG-21 framework. Then we describe
our integration of PME model and MPEG-21 DIA
framework in Section 4. Experiment results will be shown
in Section 5. Finally, we conclude our work and outline
future work directions.

2. PERCEIVED MOTION ENERGY

Many methods such as dominant motion based method [3],
Camera motion based method [4] make use of motion
information for video retrieval. However, these methods
cannot provide sufficient motion information for general
users and are not suitable for video adaptation. So we use
the PME model to evaluate perceived motion jitter for
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frame dropping. We will briefly introduce this model and
our PME extraction for H.264 videos as follows.

2.1 Perceived Motion Energy

In compressed video, motion information between frames is
captured in motion vectors. However, motion vectors are
just rough and sparse approximation to the real optical
flows and are more sensitive to noise in magnitude than in
direction [5]. Therefore a median filtering based on
magnitude is usually necessary to smooth out the inherent
noise.

Let W, be the width of the modified median filter

window, the filtered magnitude of motion vector is
computed by:

Mag; ; (z'J‘Mag,-JSMax4th(Magk)) 1
Mag; ; = {Mag4th(Magi,j) (ifMagl-’j > Max4th(Magk))

where Mag; ;is the magnitude of the motion vector at

the micro block MB, ; ,

the fourth value in the descending sorted list of magnitude
elements in the filter window.

The filtered magnitudes are averaged in temporal energy
filter such as an alpha-trimmed filter within a 3-D spatial-

function Max4th(Mag, ) returns

temporal tracking volume, with the spatial size of W,2 and

the temporal duration of ,. The mixture energy MixEn; ;,
which includes the energy of both object and camera
motion, is calculated as:
Mo |
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where M is the total number of magnitudes in tracking
volume, and LaM J equals to the largest integer not greater

than oM ;and Mag; ;(m) is the magnitude values in the

sorted list of tracking volume. The trimming parameter
a(OSaSO.S) controls the number of data samples
excluded from the accumulating computation.

To evaluate motions in one frame, the average
magnitudes Mag(n) of motion vectors for P and B frames

are computed by (3) and (4) respectively:
Mag(n) = z MixFEn, ;(n)/ N (3)

Mag(n)= (D MixFEn, ;(n)/ N + Y MixBEn, ;(n)/N)/2 (4)

where  MixFEn Q) and  MixBEn ;j(n) represent

forward and backward motion vectors in frame » . N is the
number of macroblocks in the frame.

To match the fact that the human eyes tend to track
dominant motion in the scene, the percentage of dominant
motion directions is calculated as:
max(AH (n.k),ke[l,m])

> AH(nk)

k=1

a(n) = (5)

The total angle of 27 is quantized into m angle ranges
and 4H(n,k) is an angle histogram with m bins. So
max(AH(n,k),ke[l,m]) is the dominant direction bin
among all motion directions.

The PME is defined as the product of the average
magnitude of motion vectors and the percentage of
dominant motion direction:

PME((n) = Mag(n)xa(n) (6)

Mag(n) reflects the fact that dropping frames of low
motion intensity is less perceptible than dropping frames of
high motion intensity. Multiply by a(n) will add a
significant factor to PME if there are camera motions or
other dominant object motions.

2.2 PME extraction in H.264 video

In our work, the PME model is applied in the new H.264
standard. Because of the new features in H.264 standard,
we have to make some modifications to the traditional
method of extracting PME information in previous MPEG
encoded videos.

One of the new features in H.264 is the variable block-
size motion compensation with small block sizes. There
may be motion vectors for 16x16, 8x16, 16x8, 8x8, 4x8,
8x4 or 4x4 block sizes. So it is not appropriate to calculate
the PME at the macroblock level. Instead, we extract PME
at 4x4 block level because we can get motion vectors for all
4x4 blocks by dividing large-size predicted blocks such as
16x16, 8x16, 16x8 blocks into numbers of 4x4 blocks and
assigning the same motion vectors within the predicted
blocks for these 4x4 blocks.

Another important new feature in H.264 is multiple
reference picture motion compensation. If the reference
picture is very far away from current frame, we note that
the motion vector for this reference frame should contribute
less to PME because viewers are sensitive to motion jitter
occurring recently. So we assign weights for every block
based on the distance from its reference picture when
calculating PME. We replace MixFEn; ;(n) in (3), (4) with

MixFEn; ; which is defined as:

L]
MixFEn, ;(n) = B(d) MixFEn, ; (n) (7
where f(d) is the weight for the block for which the

distance between current frame and the reference frame
is d .In simplicity, we defined B(d) as:

A
Ald)== ®)
In (8) A is a constant to avoid largely decrease of weights
for different encoded pattern of I, P, B.
Additionally, there are different prediction types for
every block in H.264 such as inra prediction, forward
prediction, backward prediction and bi-direction prediction
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types. The influence of these different prediction types to
the motion jitter should be carefully studied. We found that
intra prediction block should be regarded as having very
large motion because it contains new information and we
assigned the motion vectors with the maximum search area
for example (16, 16). We also noted that the loss of forward
prediction will cause more motion jitter than the loss of
backward prediction because of the display order of the
video sequence. Thus we assign large weights for forward
motion vectors and small weights for backward motion
vectors in our PME extraction algorithm for H.264 video.
The weight y(¢) for different prediction types is defined as:

11
t 191’_5_
7()6{ > 4}

te {Intra,Forward , Backward, Bi — direction} )
That means y(¢f)will be 1, 1, 1/2, 1/4 for the prediction

type of Intra, Forward, Backward and Bi-direction.
By combining (7),(8),(9),we rewrite (3),(4) as PME
extraction algorithm for H.264 video:

Mag(n) = Zde g- y(t)-MixEn, ;(n)/ N (10)

where d,is a leverage constant for the decreasing effect

of weighting for multiple reference picture feature in
forward prediction type compared to other prediction types.

3. MPEG-21 DIGITAL ITEM ADAPTATION

The new MPEG-21 standard defines a multimedia
framework to enable transparent and augmented use of
multimedia resources across a wide range of networks and
devices used by different communities [6]. The
fundamental unit of distribution and transaction in this
framework is Digital Item (DI), which is a structured digital
object with standard representation, identification, and
associated metadata.

¢BSD is a part of MPEG-21 Part 7 Digital Item
Adaptation (DIA) that provides a flexible description
method based on XML for multimedia resources and
format-independent multimedia adaptation mechanism. An
adaptation engine has been proposed for both resource
adaptation and gBSD descriptor adaptation [7]. When DIs
embedded with gBSD are subject to such an adaptation
engine, the engine will determine the optimal adaptation
given the constraints as provided by the usage environment
description. Based on this decision, description
transformation using XSLT can be applied to the original
description. Using the new transformed description from
these transformations; an adapted DI can be easily
generated. More details can be found in [7].

4. PME BASED VIDEO ADAPTATION

HP Research Labs has proposed the Structured Scalable
Meta-formats (SSM) for Fully Content Agnostic Adaptation

[8] as a MPEG-21 reference software module. This
software can dynamically adapt multimedia contents to
network conditions and terminal constraints. However; the
software cannot dynamically generate gBSD to assist the
adaptation decision process in the adaptation engine.

Based on the automatic generation module of gBSD in
[7] and the reference software of H.264, we developed a
revised automated PME based gBSD generator for H.264
videos and established an adaptation framework based on
HP’s Model. The architecture of this framework is shown
in Fig 1.

PME Based H.264
gBSD Genera tor

H.264 Video —
Resource Digital ltem
Adaptation Engine
N\ N
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Fig 1. System Architecture of PME based H.264 video
adaptation for Digital Item Adaptation

PME based gBSD generator firstly calculates PME
values of all frames. Then it dispatches these frames to
several quality layers according to their PME values. These
quality layers correspond to different importance of frames.
When dropping different quality layers, viewers will get
different amount of motion jitter. For example, if there are
10 quality layers and the PME value of one frame belongs
to the least 10% category, this frame will be put into
Quality Layer 1 or if it belongs to the least 20% category,
its quality layer should be 2. gBSD will be generated for
this video while the layered information for every frame
will be labeled using the “Marker” component in
¢BSD.Additionally an adaptationQoS descriptor with the
information about the bit rates after dropping some quality
layers has also been generated by the PME based gBSD
generator. These two types of off-line generated descriptors
will be packaged with the video itself into a DI, which will
be subject to HP’s adaptation engine.

The adaptation engine will determine the optimal
adaptation based on the relationship of current network
bandwidth BW and current transmission bit rate R, , where

k is the minimum number of the current transmitting
quality layer that means all the layers from layer & to top
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layer n are transmitted with R; having the highest bit rate
because all the layers are transmitted. The objective of this
adaptation is to retain higher quality layers, whenever
possible by dropping lower quality layers.
® [If R, <BW <R, : This means the current
network bandwidth can only support transmitting
layer k,k+1,..n . Adding k-1 layer to current
transmission will exceed the capacity of the
network. So no adaptation occurs.
® [f R, <BW<R,: This means network bandwidth
decreases to only support the transmission of layer
k+1 and higher layers k+2 etc. Therefore, the
adaptation engine should drop all frames belonging
to the layers which are below layerk +1.
® [fBW>R,_: This means the network can support
the higher transmitting bit rate, thus a lower quality
layer than k& can be transmitted. The adaptation
engine will allow addition frames from layer & to k-
1 to be transmitted.

5. EXPERIMENT RESULTS

To test the effectiveness of our video adaptation algorithm,
we apply subjective user study to evaluate the perceived
quality of the adapted video after dropping different
percentages of B-frames. The testing environment
conditions are according to the ITU Recommendation P.910
[9]. We selected the test sequences from H.264 standard ftp
site. Ten human subjects were invited to assign scores to
the adapted versions of test sequences. Every subject was
asked to grade the adapted videos in five-level scale:
5.Excellent, 4.Good, 3.Fair, 2.Poor, 1.Bad and the results
are shown in Table 1.

Table 1.Subjective User Study Evaluation
—Frame Dropping Rate

Excel- | Good Fair Poor Bad
lent
Foreman 0% 10- 30- 70- 90-
20% 60% 80% 100%
AKkiyo 10% 20- 40- 70- 100%
30% 60% 90%
Container 0% 10% 20% 30- 70-
60% 100%
Hall 0% 10- 30- 70- 90-
20% 60% 80% 100%
Mad 0% 10- 30- 60- 90-
20% 50% 80% 100%

From table 1, we noticed that video sequences, with an
average up to 50-60% of dropped frames will get a grading
of “Fair” and this will result in a corresponding reduction of
an average of 24% in the transmitting bit rate. This means

that our framework dropped most of the visually less
important frames in the human perception system.

6. CONCLUSIONS AND FUTURE WORK

The use of PME model will allow us to label the frames
according to the level of motion activity and therefore
perceived visual quality. In this paper, we integrated this
model to the upcoming MPEG-21 DIA adaptation
framework for H.264 video adaptation. Our work provides
a standard and flexible way to adapt H.264 videos to actual
usage environments, while the viewers’ perceived qualities
are retained as high as possible.

One aspect of our future work is revising the PME
model to get more accurate representation of motion
information for H.264 encoded videos. Another
considerable research direction is how to realize the video
adaptation in distributed environment, in such a situation
several consecutive adaptations should be executed in
distributed intermediate nodes.
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