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ABSTRACT

A way of introducing compensation of camera caused global
motion into MPEG-2 is described in this paper. A video-
coding method is proposed where global motion estimation of
four parameters regarding horizontal and vertical scrolling,
zooming and rotation is performed and a global-mation-
compensated image is produced for use as a reference frame
for MPEG-2 coding. The experimental results have shown an
improved performance over MPEG-2 on sequences with
pronounced camera zoom and rotation.

1. INTRODUCTION

Predictive coding is a significant aspect of contemporary video
coding standards. Mation-compensated type of predictive
coding is of utmost importance and is embedded into the
MPEG series of video coding standards. Within all of these
standards motion compensation is implemented at local level,
i.e. it is used to predict of small blocks of size 16" 16 pixels
within an image, and trandational motion is the only motion
type that is being estimated and compensated. The motion
compensation used in the MPEG standards has a half-pixel
accuracy, which provides a 1dB-improvement in SNR over the
case when one-pixel accuracy is used.

While MPEG type of coding uses trandational
motion models to describe the horizontal and vertical motion
of objects to implement loca motion compensation (LMC),
moving objects can exhibit more complex motion, such as
rotation, zooming and deformation. In order to treat more
complex kinds of object motion non-standard LMC methods
using first-order motion models [3], perspective models [4]
and second-order motion models [5] have also been studied.

However, besides loca motion due to moving
objects, video sequences very often contain different kinds of
globa mation as well, caused mainly by intentional or
unintentional camera motion. Possibilities to improve
prediction performance through implementation of global
motion compensation (GMC) have aready been explored [1],
and some schemes with adaptive selection of GMC have been
proposed [2]. In this paper we combine GMC with standard
MPEG-2-type LMC in order to increase the overal coding
efficiency. A simple motion model is used to achieve global
trandlation, zooming and rotation.

2. GLOBAL MOTION COMPENSATION

Intentional camera motion (pan, tilt, zoom) or unintentional
camera motion (pan, tilt, rotation) introduce global motion
effects into video sequences. Under certain conditions,
panning and tilting can be approximately treated as horizontal
and vertical scrolling, and the latter ones can be predicted
using MPEG-2 LMC, i.e. using the trandational motion
model. However, when a sequence contains only scrolling and
no local motion, all macroblocks have the same motion vector
and GMC could prevent repeating the same motion vector for
each macroblock. On the other hand, sequences containing
zooming and/or rotation cannot be compensated with the
conventiona MPEG-2 LMC.

We employ GMC to either reduce unnecessary
overhead in the case of globa scrolling or to improve
prediction performance in the case of camera zoom and/or
rotation. The GMC method proposed here can compensate for
global motions such as horizontal and vertical scrolling,
zooming and rotation. Four parameters (K1, Kz, Kx and Ky) are
first calculated from the trandlational motion vectors obtained
between the current and the previous frames. Then, the GMC
image is produced by applying the GM parameters to the local
decoded version of the reference frame.

A. Global Motion Models

Arbitrary motion from point Py = [X1,Y1,Z1]" to point
P, = [X2,Y2Z5]" in 3D-space can be represented as
combination of rotation around an axis through the origin of
the coordinate system and trandation [6]:

P,=RP1+T (1)
The rotation matrix R is given by:
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where c = cosg, s=sing, and q isthe angle of rotation, while
n = cosaj, i = 1, 2, 3 define the position of the axis of
rotation.

T isthe trandation vector:

T=[TxTvT]" 3



Let the camera axis coincide with the Z-axis and its
image plane be at unit distance from the origin of the
coordinate system. The 3D-motion given by (1) will then be
projected onto the camera image plane as:
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where p1 = [x1,y1,1]" and p2 = [x2,y2,1]" are the projections of
P1 and P, respectively.

In this paper we work with the following
congtraints:
a;=az=90°P ny=nx=0 (5)
az=0"pP ng=1 (6)
i.e., we consider that rotation occurs around the camera axis

and that zooming is equivalent to object translation along the
camera axis.

By introducing constraints (5) and (6) in (2) and (4),
we have:
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and after rearranging (7) in terms of x; and yi:
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We consider the four parameters defined in (9) to be
global, i.e. applicable to al points of the imaged scene. It
should be noted, however, that according to (4), the 2D-
projection of a 3D-motion of a point P, depends as well on its
distance Z; from the image plane. So, we expect our results to
be strictly valid only if the imaged scenes are planar and
parallel to the image plane.

B. Global Motion Estimation

Sep One: Loca motion estimation using 16" 16 block
matching is carried out in a range appropriate for the motion
extent between the current frame, f,, and the reference one, f;.
By using the three-step search routine [7], a motion vectors
field is obtained with half-pixel accuracy.

Consider two consecutive video frames fi(x,y) and
fo(x,y). For the estimates of the motion vectors along the x and
y-axis, Vx and Vy, we have:

VX = NK]_ + jQK2+KX (10)
VY = - |QK2 + jqK]_+KY

with:
6= i@V, "
o= jerv, (1)

where (i¢ jd) denotes the position of an object point in fi(x,y)
and (i @ jGI) denotes the position of the same point in fa(x,y).

Sep Two: Pairs of macroblocks, MB; and MB;, are used to
calculate the four global motion parameters, (i1,j1) and (iz,j2)
being the centers of MB; and MB,. By use of (10), (11) and
(8), we obtain the following formulas for that purpose:
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where, for each pair, Vix and Viy denote the motion vectors of
macroblock MB1, and Vox and V.y those of MB;.

Block pairs are selected according to three patterns.
First, calculations of (12) are carried out for all possible block
pairs that are positioned symmetrically across the center of the
frame, i.e. i = -i1 and j» = -j1, and the frequencies of
occurrence of the values of each of the four parameters Ki, Ko,
Kx and Ky are determined. Second, calculations are carried
out for all possible block pairs satisfying i> = i1 and j2 = -,
the values of the four motion parameters are calculated and
their frequencies of occurrence are determined. Third, al
possible block pairs satisfying iz = -i; and j» = j; are taken into
account, the values of the four motion parameters are
calculated and their frequencies of occurrence are determined.
The calculations of (12) are done by rounding the values of
parameters K; and K; to the nearest multiple of 1/512 in the
range of 0 - 0.4, while the values of Kx and Ky are rounded to
the nearest multiple of 1/10 in the range of + 127.

Sep Three: The three frequency sets for the values of each of
the four motion parameters, obtained using the three patterns
for macroblocks matching, are merged into one and the most
frequently occurring value for each parameter is chosen as its
estimate. In this way the influence of local motion upon the

estimated values Kl,Kz, IZX and IZY of parameters Ki,Kz,Kx

and Ky is avoided and good estimates of global motion
parameters are obtained.

C. Calculation of Global Motion-Compensated Frames

Using the estimated four globa parameters, a global mation-
compensated frame, fagmc, is constructed from the localy
decoded reference frame, f1. The intensity for each pixel of
faemc is determined from the intensity of the corresponding
pixel of fi, the correspondence being determined through (10)
and (11). When necessary, linear interpolation of the intensity
of f1 is used.



By replacing constraint (6) with:
asz = 90° b n3 = 0 (13)

one can readily turn the proposed global motion estimation
and compensation procedure into a procedure similar to the
one proposed and tested in [2], which provides for horizontal
and vertical scrolling and zooming only.

1. LOCAL MOTION COMPENSATION

Loca motion compensation is carried out according to MPEG-
2, with f, as the current frame and fo.guc as the reference
frame.

4. EXPERIMENTAL RESULTS

Tests were carried out with gray-scale video sequences
containing different kinds of motion. To serve as a reference,
the MPEG-2 algorithm was implemented. The stream
structure was IPPP..., i.e. B frames were not considered.
Frame size was 384" 288 pixels. Pixel intensity was 8-
bits/pixel.

In situations when the mation is mainly zooming
and rotation, the results show an improvement in SNR of
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Figure 1 Rate-distortion function
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approximately 1 dB with respect to MPEG-2, and an
improvement of approximately 0.5 dB with respect to the case
when the model with constraint (13) is used instead of (6),
Figure 1.

As can be seen in Figure 2, better motion
compensation achieved as a result of the implementation of
GMC, results in smaller prediction errors and consequently in
a larger number of non-coded blocks (blocks for which all
DCT-coefficients are zero). Consequently, the total number of
bits used to code the DCT-coefficients is reduced, as is shown
in Figure 3. As one can see comparing the decoded picturesin

Figure 4, the visua appearance of the GMC picture is also
better.

500

-
450 ~ =
400~ N

350 N N

300 ~

250 ~

200 N\ N\

150 AN \\

100

Number of non-coded blocks
/
/.

/

50 —

0
20 21 22 23 24 25 26 27 28 29 30
SNR [dB]

Figure 2 Number of non-coded blocks vs. distorsion
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Figure 3 Total number of bits for coding
of the DCT-coefficients
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5. CONCLUSIONS

A video-coding algorithm using GMC in combination with
MPEG-2 was developed and tested on a number of video
sequences. MPEG-2 was used as reference. The results have
shown an improved performance over MPEG-2 on sequences
with pronounced camera zoom and rotation. Thus, despite the
fact that GMC was based on a simple four-parameter model,
describing horizontal and vertical scrolling, zooming and



rotation, the potentials of including GMC in MPEG-2 have
been clearly demonstrated.

¢) Decoded GMC frame

Figure 4 Original and decoded frames
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