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ABSTRACT

Depending on the content of a video sequence and the settings
used for encoding it, the amount of bits spent for the trans-
mission of motion vector information can be enormous and in
some cases even take the largest fraction of the bit rate. This is
not always necessary since often wide areas, i.e. background
or large foreground regions, fit the same global motion. Ad-
ditionally, a global motion model using sophisticated interpo-
lation techniques can be a better representation of movement
in these regions than a motion vector that has only quarter-pel
accuracy. This is true especially if scaling, rotation or per-
spective transformation occur. This paper presents a novel
prediction technique that is based on global motion compen-
sation and temporal filtering of previously decoded pictures.
The new approach is incorporated into an H.264/AVC refer-
ence software. The new encoder outperforms the reference by
up to 14%.

Index Terms— H.264/AVC, video coding, global mo-
tion, temporal filtering, prediction

1. INTRODUCTION

The emergence of high definition (HD) or even ultra-high def-
inition video content asks for new coding techniques that can
cope with that amount of data. The existing state-of-the-art
video coding standard H.264/AVC [1] aims at compressing
high-quality video content at low bit rates. However, its per-
formance is not sufficient for content that is at least five times
larger than common resolutions (standard-definition televi-
sion — SDTV — compared to 1080p full-HD video). Addi-
tionally, frame rates have increased from 25 up to 60 Hz.
Common hybrid video coding techniques remove tempo-
ral redundancy by estimating the motion of a macroblock to
encode using the previously decoded pictures. Thus, only the
residue of the prediction and a motion vector has to be trans-
mitted for that block. Compared to spatial redundancy reduc-
tion (INTRA), this so-called INTER prediction significantly
lowers the bit rate needed for transmission of the block. How-
ever, the amount of bits spent for the transmission of motion
vector information can be enormous and in some cases even
take the largest part of the bit rate. In the worst case, a full-HD

video at 60 Hz sends more than 480,000 motion vectors a sec-
ond — this does not account for sub-macroblocks. A common
SDTV sequence at 25 Hz sends about 94% less motion vector
information in the same time. Some research has been done
on the reduction of that part of the bitstream. E.g., Kamp et
al. have tried to reduce motion vectors and derive them at the
decoder [2]. However, their approach is very different to the
one presented herein and is therefore not further discussed.

The technique presented in this paper is based on the idea
that the transmission of motion vector information is not al-
ways necessary since often wide areas, i.e. background or
large foreground regions, fit the same global motion. Addi-
tionally, a global motion model using sophisticated interpo-
lation techniques can be a better representation of movement
in these regions than a set of motion vectors that have only
quarter-pel accuracy. In [3], Wiegand et al. use higher-order
global motion models to generate a set of reference frames for
motion-compensated prediction (MCP). However, a tempo-
ral filtering of multiple references as in multihypothesis MCP
[4] is not performed. This paper presents a novel prediction
technique that is based on both, global motion compensation
and temporal filtering. Following the authors’ previous work
in [5], a set of previously decoded pictures is transformed
into the coordinate system of the current picture to encode.
For that, global motion estimation (GME) is performed on
the existing motion vector field using the Helmholtz Trade-
off Estimator [6]. The generated image stack is blended to-
gether using an adaptive pixel difference threshold method
that minimizes the MSE between the filtered prediction sig-
nal and its original correspondence. The encoder then decides
by means of rate-distortion (RD) optimization whether to use
the new global motion temporal prediction (GMTP) or one of
the common modes for a macroblock. Global motion param-
eters and pixel thresholds are sent as side information to the
receiver to enable reconstruction.

This paper is organized as follows. Section 2 shows how
a prediction signal for a picture to encode is built. In Section
3 the experimental setup is shown by incorporating the pro-
posed technique into an existing H.264/AVC reference soft-
ware. Section 4 describes the experimental results and the
last section summarizes the paper.
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Fig. 1. Example for the generation of a prediction signal for
the current picture I; from previously decoded pictures. The
pictures inside the picture buffer can be past and/or future pic-
tures of the sequence depending on the GOP structure set in
the encoder and are transformed into the coordinate system of

the current picture.

2. PREDICTION SIGNAL GENERATION

Since many video sequences have been recorded with a mov-
ing camera, the background region of these sequences is not
fixed. Theoretically, this means that the picture buffer does
not contain a set of equal signals only differing by the su-
perimposed noise, which could easily be removed by averag-
ing, but of a set of displaced image signals containing noise.
This problem can be solved using higher-order motion mod-
els that account for the displacement a camera performs. This
motion can then be compensated so that the signals are spa-
tially aligned. The aligned representations can then be con-
sidered as equal signals differing only by quantization noise
and blocking artifacts, respectively.

In the following, the process of deriving a prediction sig-
nal for the current picture is described. First, the approach
for global motion estimation is outlined. Second, the deduced
global motion parameters are used for picture alignment to be
able to temporally filter the generated image stack.

2.1. Global motion estimation

The global motion estimation algorithm used herein derives
a homography H for a pair of pictures from a motion vec-
tor field available in common MPEG video streams using a
Helmholtz Tradeoff Estimator (HTE). The HTE is a robust
estimator with the ability of detecting up to 80% of outliers
in a given dataset for an underlying model using subsets. For
every randomly chosen subset out of a given motion vector
field, a perspective transformation matrix H is calculated. In
the next step, every motion vector position is transformed us-
ing H. The A-th percentile of the distances between estimated
and true motion vector destinations computes a standard de-
viation that is used to part the subset into inliers and outliers.
Here, A\ depends on the desired outlier tolerance. All inliers

are used to calculate a final homography H by least squares
for every subset. The homography belonging to the subset
with the highest rating in terms of amount of inliers vs. inlier
variance is taken as the final homography. For further infor-
mation see [6].

2.2. Picture alignment and temporal filtering

Fig. 1 shows the exemplary transformation process of three
previously decoded pictures — I ¢ —3 to Jpp¢—1 — from the de-
coded picture buffer into the coordinate system of the current
picture I;. For that, the so-called long-term motion between
picture I, ¢—; and I; has to be known. Therefore, the short-
term motion parameters as derived in Section 2.1 are accumu-
lated following the work by Smolic et al. [7].

The transformation process that uses spline interpolation
creates an image stack of spatially aligned pictures. Assum-
ing, the pictures that have been transformed contain blocking
artifacts created during the encoding process, these can be re-
duced using temporal filtering. However, for large buffer sizes
filtering of the complete image stack is not always the best
choice, since moving foreground objects and misestimations
negatively influence the filtered result. Therefore, a frame
adaptive approach is used to generate an optimal result for
every pixel in the prediction signal. Given a pixel difference
threshold ¢ and the difference A(i, x, y) between pixels of two
successive pictures I;(x,y) and I;_1 (z,y) in the image stack,
it is assumed that a sudden increase along ¢ in A(i, x,y) ac-
counts for changes that shall not be used for filtering. Thus,
for every pixel to generate a prediction signal for, an array
of pixels is created that contains only those values from the
image stack in increasing temporal distance from the current
picture until A(4,z,y) > t. The final prediction signal pixel
is generated by taking the average of that array.

To generate the optimal prediction signal for a picture,
threshold values from 7' = {1, ..., 8} are tested. The thresh-
old that produces the lowest mean squared error (MSE) be-
tween the filtered and the original picture is taken as the final
prediction signal.

3. INCORPORATION INTO H.264/AVC

Fig. 2 shows the GMTP approach incorporated into a com-
mon hybrid video coding environment. At the encoder side,
global motion estimation is performed using the motion vec-
tor fields from common INTER prediction. This generates
global motion models that can be used as described in Sec-
tion 2.2. The encoder adaptively generates a prediction signal
using the decoded picture buffer and the global motion pa-
rameters. The encoder then decides on a macroblock-basis
which mode is used by means of rate-distortion optimization.
This is done by minimization of the Lagrangian cost function
which is given by min(J), where J = D + AR. Here, D is
the macroblock distortion for a given mode and R is the bit
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Fig. 2. GMTP within a hybrid video coding environment: GMTP is performed using global motion estimation based on existing
motion vector fields besides common prediction modes. The encoder decides whether to use GMTP or common prediction on

a macroblock-basis by rate-distortion optimization.

rate needed for its transmission. The new GMTP mode is in-
cluded in that minimization problem. However, the Lagrange
parameter A has not been adjusted in the experimental setup,
cf. Section 4. Possibly, the results could be further enhanced
if A was adjusted to the new extended set of modes.

As side information, the encoder sends a set of eight
global motion parameters — i.e. the well-known perspective
motion model — per frame without further optimization. Four
byte floating point precision is used per parameter resulting
in a total additional bit rate of 4 X 8 x 8 = 256 bits per frame
which can easily be surpassed by the amount saved in motion
vector information. The pixel threshold values per frame are
differentially encoded using signed Exp-Golomb coding.

The decoder receives global motion parameters and pixel
thresholds besides the common bitstream and can therefore
easily reconstruct the video sequence.

4. EXPERIMENTAL EVALUATION

For experimental evaluation, the GMTP approach has been
incorporated into the H.264/AVC reference software JM 17.0.
As coding setting, a low delay setting has been used employ-
ing the H.264/AVC High Profile. This setting includes an
IPPP GOP structure, CABAC entropy coding, RD optimiza-
tion in high complexity mode, EPZS motion estimation with
a search range of 128 x 128, 8 x 8 transforms enabled and
QPPSlice € {27, 33,37, 43,47} (QPISlice = QPPSlice — 1).
The test sequences used are shown in Table 1 besides the ex-
perimental results computed following [8]. Fig. 3 shows two
exemplary rate-distortion curves.

On average, bit rate savings of about 4.6% could be
reached with a maximum saving of 14.87% for the BBC-Pan-
13 sequence. The amount of bits saved strongly depends on
the content of the scene. In some sequences as in BBC-Pan-
13, alarge fraction of a picture shows background regions that

Sequence Resolution Frames/Hz BD-rate BD-PSNR
Basketball 1024 x 576 200/25 —1.19% 0.06 dB
BasketballDrive 1920 x 1080  500/50 —1.86% 0.07 dB
BBC-Pan-13 720 x 576 110/25 —14.87% 0.81dB
BQOSquare 416 x 240 600/60 —2.38% 0.08 dB
BQTerrace 1920 x 1080  600/60 —8.80% 0.21dB
Desert 720 x 400 240/25 —5.29% 0.25dB
ParkScene 1920 x 1080  240/24 —0.26% 0.01dB
PartyScene 832 x 480 500/50 —3.97% 0.16 dB
Traffic 2560 x 1600  300/30 —3.13% 0.13dB
Average —4.64% 0.20 dB

Table 1. Test sequences and experimental evaluation in terms
of BD-rate and BD-PSNR [8].

can easily be represented by one single global motion model.
Therefore, a huge number of macroblocks in BBC-Pan-13
was predicted using the new GMTP mode.

Fig. 4 shows exemplary statistical data for the BBC-Pan-
13 sequence. Depicted is the percentage of motion vector in-
formation in the complete bitstream for common H.264/AVC
coding (black) and H.264/AVC coding using GMTP (gray).
This corresponds to the expected results: Depending on the
quantization parameter, motion vector information could be
decreased up to 50%.

5. SUMMARY

We presented a novel prediction technique for hybrid video
coding that is based on global motion compensation and
temporal filtering. Global motion estimation is performed
between consecutive pictures using the motion vector fields
from the bitstream and a very robust Helmholtz estimator.
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Fig. 3. Exemplary rate-distortion results. Depicted are curves for coding using common H.264/AVC as reference (H.264/AVC)
and coding using H.264/AVC with GMTP mode enabled (H.264/AVC+GMTP).
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Fig. 4. Percentage of motion vector information in bit-
stream for the BBC-Pan-13 sequence for various values of
QP. Coding with H.264/AVC (black) compared to coding with
H.264/AVC+GMTP (gray). The bits needed for transmission
of global motion parameters are included.

This generates global motion parameters that enable the en-
coder to build an image stack for a picture, which then can be
filtered using an adaptive pixel difference threshold method.
The encoder decides on a macroblock-basis which coding
mode is used and thereby reduces the amount of motion vec-
tor information sent to the receiver by up to 50%. The new
coding method significantly outperforms existing state-of-
the-art techniques.
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