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Abstract— Motion estimation and compensation form a
major part in any video coding scheme. The video cod-
ing standard adopted for multimedia applications is the
MPEG-4 wherein object-based motion estimation comes
into play. However, MPEG-4 uses conventional motion
estimation technique that can detect only pure transla-
tional motion along the image plane and fails to con-
sider any complex motion of the objects that arises due
to rotation, zooming, etc. An efficient way of detecting
complex motion is by using the affine motion model. In
this paper, we develop a scheme for estimating affine mo-
tion of objects suitable for MPEG-4 video coding thereby
achieving high quality. Simulation results demonstrate
the efficiency of the proposed scheme in comparison to
conventional object-based motion estimation techniques.

1. Introduction

Motion estimation is the process of estimating the mo-
tion of moving objects in a video scene. This is accom-
plished by determining the motion by which an object
moves from one frame to the next. A given frame in a
video sequence may, hence, be predicted from its pre-
vious frame by displacing all the moving objects in the
previous frame by the estimated motion. This is mo-
tion compensation. The motion compensated frame dif-
ference is then coded and transmitted. Thus, motion
estimation/compensation effectively removes the tempo-
ral redundancy present in the video signal while subse-
quent low bit-rate coding of the prediction error (mo-
tion compensated frame difference) brings about signif-
icant amount of compression. This has motivated to
incorporate motion estimation/compensation in the ba-
sic coding structures of most low bit-rate video coding
standards, viz., H.26x standards and MPEG standards.

The MPEG (Moving Picture Experts Group) is a work-
ing group under ISO/IEC in charge of the development
of international standards for compression, decompres-
sion, processing and coded representation of moving pic-
tures, audio and their combination [1]. So far MPEG
has produced the following:

• MPEG-1: A standard for storage and retrieval of
moving pictures and associated audio on storage media.
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• MPEG-2: A standard for digital television.

• MPEG-4: A standard for multimedia applications.

• MPEG-7: A content representation standard for in-
formation search.

• MPEG-21: This is at present in the developmental
stage.

Anticipating the rapid convergence of telecommunica-
tion, computer and TV/film industries, the MPEG
group officially initiated MPEG-4 standardization phase
in 1994 with the mandate to standardize algorithms and
tools for coding and flexible representation of audio-
visual data to meet the challenges of future multimedia
applications and application requirements. In particular,
MPEG-4 addresses the need for

– universal accessibility and robustness in error prone
environments,

– high interactive functionality,

– coding of natural and synthetic data, and

– compression efficiency.

Bit rates targeted for the MPEG-4 video standard are
between 5 to 64 kbits/s for mobile or PSTN video ap-
plications and up to 2 Mbits/s for TV/film applications.
Some new key video coding functionalities have been de-
fined which support MPEG-4 and provide the require-
ments related to “Content-Based Interactivity”, “Com-
pression” and “Universal Access”.

As with most other video coding standards, the basic
coding structure in MPEG-4 also involves motion esti-
mation and compensation. However, while H.261, H.263,
MPEG-1 and MPEG-2 use block-based motion estima-
tion techniques, MPEG-4 employs object-based motion
estimation. Here the moving foreground objects are first
segmented out. The background information is trans-
mitted to the receiver only once as first frame of the
sequence and in each consecutive frame only the camera
parameters relevant for the background are transmitted
to the receiver. The arbitrary-shaped moving foreground
objects are coded (in terms of motion vectors and predic-
tion errors), transmitted and decoded as separate video
object planes (VOPs) [2].

Unfortunately, MPEG-4 results in high quality coding
only when the objects in a scene exhibit pure transla-



tional motion. This is because MPEG-4 uses conven-
tional motion estimation techniques that can detect only
translational motion along the image plane. But, in real
world, the relative motion between the objects and the
camera may be very complex due to rotation, flipping,
shearing, zooming, panning, etc. in addition to transla-
tional motion. In such cases, the quality of coded video
is not always satisfying. This means, for high quality
coding it is necessary to estimate complex motion that
an object in the scene may undergo. An efficient way
of detecting complex motion that arises due to rotation,
translation and zooming is the affine motion estimation.
Incorporation of affine transformation in H.263 video
coding standard has been proposed recently [3]. In this
paper, we develop an object-based affine motion estima-
tion scheme that may be incorporated in the currently
ongoing MPEG-4 coding standard.

Several algorithms for estimating complex affine motion
have been proposed in the literature. Some of these tech-
niques are triangle-based motion compensation [4], [5],
mesh-based motion compensation [6], [7] and grid inter-
polation [8]. In all these methods, the image is divided
into triangular patches or quadrangular patches. The
motion of a patch is considered as patch deformation
that is measured in terms of the displacements of the
vertices of the patch. Once the displacements of the ver-
tices of a patch are exactly known, the motion of all
points inside the patch are determined. The motion,
thus obtained, is the estimated motion of the patch.

Recently, a block-based affine motion estimation algo-
rithm has been proposed in [9]. In this, the affine motion
model is combined with the conventional block-matching
algorithm (BMA). So, while the conventional BMA can
detect translational motion only, the proposed method
makes BMA capable of capturing affine motion. On the
other hand, this scheme offers significantly lower compu-
tational overhead compared to other affine motion esti-
mation techniques and hence is well suited for real-time
video coding. But, the algorithm is suitable for applica-
tion only where block-based motion estimation is used,
as in H.261, H.263, MPEG-1 and MPEG-2 codings. In
this paper, we propose to extend this method so as to
make it applicable in case of video coding schemes that
involve object-based motion estimation, e.g., MPEG-4
coding.

2. Object Motion Models

Motion estimation techniques may be either pixel-based
or region-based. In pixel-based motion estimation, viz.,
gradient technique [10] and pel recursive technique [11],
motion is estimated for every individual pixel in the
frame. This demands for high computational cost. The
region-based motion estimation takes care of this com-
putational cost where motion is estimated for a region

as a whole in the frame. A region may be a total object
in the scene or may be a part of it. For a rigid object,
all pixels in the object undergo same frame-to-frame dis-
placements which correspond to the motion of the object
itself. Hence, under the assumption that the objects are
rigid, it makes sense to compute the motion of a region
as a whole instead of pixel-wise motion.

The motion of 2D objects can be described by several
models of increasing complexity. The simplest case is to
allow only translational motion along the image plane.
In the next levels, parameters for planar rotation, zoom-
ing (translation along the direction perpendicular to the
image plane), etc. can be added. The effect of zooming
manifests as scaling of objects in the scene. All these
transformations can be described by a linear set of equa-
tions, as described below.

Translational motion model

If we assume that the motion of objects in a video scene is
pure translation along the image plane, the coordinate of
each pixel pt of an object in the current frame t is related
to its corresponding position p̂t−1 in the previous frame
as

pt = p̂t−1 + ~v (1)

where ~v is the motion vector by which the concerned
object moves from frame t − 1 to frame t. The aim of
motion estimation algorithm is to estimate this motion
vector ~v. One popular approach for this is the block-
matching algorithm (BMA) [12]. In BMA, the current
video frame is split into non-overlapping blocks; each
block is considered to be an object as a whole or a part
of it. BMA attempts to find the best match block in
the previous frame. The relative position between the
block under consideration in the current frame and the
best match block in the previous frame gives the vector
~v. The matching criterion that is used mostly is the
mean absolute difference (MAD). The advantage of using
MAD is its computational simplicity and easy hardware
implementation. It is given by

MAD(m, n) =
1
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where U t(x, y) is the pixel intensity at the position (x, y)
in frame t, M ×N is the block size, (a, b) is the position
of the upper-left hand corner pixel in the block, (m, n)
is the search location with respect to the center of the
search window. The estimated motion vector, therefore,
is given as

~v = (vx, vy) = (m, n)
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where R is the search window in the previous frame.
Ideally, the search window R should be whole of the pre-
vious frame. However, a real world object can move
only by a small amount in one frame time. Assum-
ing that the displacement of an object from one frame
to another can be at most p in either direction, i.e.,
−p ≤ vx, vy ≤ +p, the search window R is taken to be
a square of size (p + 1) × (p + 1) with the current block
position as its center. So, the number of MAD calcula-
tions is reduced significantly. Further reduction in the
number of MAD calculations may be obtained by con-
sidering only a limited number of search locations in the
search window. Some of these fast BMAs are 2D Log-
arithmic Search (2DLS) [13], 3-Step Hierarchical Search
(3SHS) [14], One-at-a-Time Search (OTS) [15], 4-Step
Hierarchical Search (4SHS) [16], 1D Hierarchical Search
(1DHS) [17], Diamond Search [18], etc.

Affine motion model

Affine transformation may be incorporated along with
the search schemes to predict the motion of an object
more accurately. Affine motion model incorporates pla-
nar rotation and scaling (due to zooming) in addition to
translation. In this model, the coordinate of each pixel
pt of an object in the current frame t is related to its
corresponding position p̂t−1 in the previous frame as

pt = Ap̂t−1 + ~v (4)

where matrix A is the deformation matrix that includes
scaling and/or rotation. Combination of deformation
and translation gives affine transformation and the pair
(A, ~v) denotes the affine motion.

3. Proposed Algorithm

The aim of our proposed method of motion estimation
is to estimate the affine motion by which an object is
transformed from one frame to next. This may be ac-
complished by estimating the deformation matrix A and
the translation vector ~v in eqn. (4).

Eqn. (4) may be rewritten as

p̂t−1 = A−1 (pt − ~v)
= Bpt − ~u

(5-a)

or
Bpt = p̂t−1 + ~u (5-b)

where B = A−1 and ~u = A−1~v. The pair (B,−~u) may
be interpreted as backward affine motion by which an
object in the current frame is transformed back to the
corresponding object in the previous frame. As we see,
the necessary affine motion (A, ~v) can be easily com-

puted from the backward affine motion (B,−~u) as

A = B−1 (6-a)

~v = B−1~u = A~u (6-b)

In our proposed method, we aim at estimating this back-
ward affine motion. Comparing eqn. (5-b) with eqn. (1),
we see that for a given deformation B applied to a block
in the current frame, the problem of finding ~u is nothing
but the conventional block-matching algorithm. It fol-
lows that object-based affine motion estimation can be
accomplished by deforming the object (or a part of the
object) under consideration in the present frame by some
deformation matrix B and then matched with some re-
gion (of same dimension) in the previous frame. This is
discussed in the subsection to follow.

Steps of the algorithm

Step 1: For a given video sequence, take the seg-
mented objects and form VOPs. Thus, we have differ-
ent VOP sequences corresponding to different objects
in the scene.

Step 2: Construct BAPs (Binary Alpha Planes) from
the VOPs by placing 1s for object pixels and 0s for
background pixels.

Step 3: Each of the sequences corresponding to a
video object is coded using a motion coder. The motion
coder uses macro-block and block motion estimation
similar to H.263 and MPEG-1/2 but modified to work
with arbitrary shapes. In our algorithm, we propose
to incorporate the affine motion model in the existing
motion coder. This is described below.

Step 4: Apply some known deformation B′ on a
macro-block.

Step 5: Search for a block in the previous frame that
best matches the current block deformed by B′. This
may be accomplished by the conventional BMA and
using MAD as the matching criterion. The relative lo-
cation of the matched block gives the backward trans-
lation vector −~u′ corresponding to the deformation B′.

Step 6: Repeat the above two steps for different pos-
sible combinations of deformation.

Step 7: The estimated backward affine motion
(B,−~u) is the deformation and its corresponding trans-
lation vector for which the MAD is the least.

Step 8: Compute the required affine motion parame-
ters using eqns. (6-a) and (6-b).

Fast affine motion search

As with the conventional BMA, the number of searches
in Step 5 above may also be restricted to some fixed loca-
tions in the search region. Accordingly, the search points



corresponding to any fast BMA, e.g., 2DLS, 3SHS, OTS,
4SHS, 1DHS, Diamond Search, etc., may only be con-
sidered. Similarly, we may apply only a few convenient
deformations on the blocks out of the unlimited number
of possible deformations. In our algorithm, we propose
to use a set of such deformations which are suitable for
application on a block; they are such that a square block
is oriented in a manner so as to result in a square block
only. These are rotations by 00, 900, 1800 and 2700,
horizontal flip, vertical flip and diagonal-flips. Also, as-
suming that the object can zoom only by a small amount
in one frame time, a scaling factor of small value (both
up-scaling and down-scaling) is enough. Accordingly, we
have considered scaling factors as 0.5, 1 and 2 only.

4. Experimental Results

In our experiments we demonstrate the performance of
the proposed object-based affine motion estimation al-
gorithm in comparison to the conventional BMA that is
used in the standard MPEG-4 object-based video cod-
ing. Three video sequences used for the experiments
are “Stefan”, “Child” and “Football”, each of frame-size
352 pixels × 240 lines. The performance index that we
use is the prediction quality, that is how good is the
current frame predicted from the previous frame. It is
expected that for more accurate motion estimation the
frame prediction will be better resulting in high quality
motion compensated video frames. The quality of the
motion compensated sequence is measured in terms of
PSNR (dB) averaged over 50 frames of the sequences.

In a first set of experiments, the performance of our
proposed algorithm is compared to that of the conven-
tional Full-search (exhaustive search) block-matching al-
gorithm. The search window taken is of size 15 × 15.
The search points considered in our algorithm are also
same as that of the exhaustive search, that is all the 225
search locations in the search window are considered for
matching. The macro-block size is taken to be 8×8. The
comparative results are given in Table 1. In a second set
of experiments, the above is repeated with macro-block
size 16 × 16 and the results are tabulated in Table 2.

In the third and fourth sets of experiments, the perfor-
mance of our proposed algorithm is compared to that of
the popular 3SHS block-matching algorithm. The search
window is again taken to be of size 15×15. In both these
cases, the search points considered in our algorithm are
the same 25 search locations as that of the 3SHS algo-
rithm. The macro-block size are taken to be 8 × 8 and
16 × 16 and the results are given in Tables 3 and 4, re-
spectively.

We see from the results obtained in our experiments that
the reconstructed video sequences after motion compen-
sation is always better with the application of our pro-

Table 1. Performance comparison between Full-search
and our algorithm with 8 × 8 macro-blocks

Video Exhaustive Proposed
Sequence Search Algorithm

Stefan 23.9317 31.5068
Child 30.6618 38.0876
Football 24.9019 26.6002

Table 2. Performance comparison between Full-search
and our algorithm with 16× 16 macro-blocks

Video Exhaustive Proposed
Sequence Search Algorithm

Stefan 23.0689 25.3241
Child 28.8861 30.5036
Football 22.8410 23.8723

Table 3. Performance comparison between 3SHS and
our algorithm with 8 × 8 macro-blocks

Video Three Step Proposed
Sequence Search Algorithm

Stefan 18.6063 22.5978
Child 26.6904 28.6410
Football 20.8133 23.1791

Table 4. Performance comparison between 3SHS and
our algorithm with 16× 16 macro-blocks

Video Three Step Proposed
Sequence Search Algorithm

Stefan 18.0982 20.0084
Child 26.4592 26.9407
Football 19.7765 21.2162

posed affine motion estimation algorithm than with the
application of the two conventional block-matching tech-
niques, viz., Full-search and 3SHS. Since in each set of
experiments the search points and other parameters are
same, this may be attributed to our motion estimation
technique only which means our affine motion estima-
tion algorithm is capable of tracking object motion bet-
ter than the conventional motion estimation techniques.
Therefore, we can safely conclude that our proposed
object-based video coding scheme is superior to the stan-
dard object-based coding as used in MPEG-4.

5. Conclusion

An efficient affine motion estimation algorithm suitable
for object-based motion estimation is presented. In se-



quences where complex motion is involved, frame pre-
diction on the basis of affine motion estimation is more
suitable than that involving estimation of translational
motion only. As we see from the experimental results,
our proposed algorithm performs better than the stan-
dard MPEG-4 object-based video coding that uses con-
ventional block-matching algorithms and hence proves
to be effective in estimating affine motion. The pro-
posed motion estimation algorithm takes care of object
motion due to translation, rotation and zooming. This
in turn results in high quality video coding. Therefore,
the object-based affine motion estimation algorithm pro-
posed in this paper may be used efficiently in MPEG-4
video coding to bring about better quality. However, the
computational complexity involved in this proposed al-
gorithm is comparatively very high and so may not be
good for real-time applications. We may overcome this
limitation if a dedicated architecture is developed for the
purpose.
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