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ABSTRACT

Motion estimation plays an important role in video cod-
ing schemes by removing temporal redundancies that exist
in image sequences. Motion information that is required
in motion compensated prediction is transmitted as side
information, as in forward motion estimation, or can be
computed at the receiver in backward motion estimation.
The former method has the advantage of more accurate
prediction but, suffers in that the motion information is
transmitted as side information. We introduce the Motion
Transform (MT), a new motion estimation and compensa-
tion technique that does not require the transmission of mo-
tion vectors yet, performs well under a variety of conditions.
In the proposed method, motion information is obtained in
a bottom-up hierarchical fashion using a two-dimensional
wavelet-like decomposition.

1. INTRODUCTION

Motion estimation plays an important role in video coding
schemes by reducing temporal redundancy in an image se-
quence. In video coding standards (e.g. MPEGI, MPEGII
and H.263 [1, 2, 3].), a portion of the available channel
bandwidth is occupied by this motion side information. To
circumvent the overhead requirements of motion compen-
sated predictive coding, the Motion Transform (MT) is pro-
posed. The MT is a motion estimation and compensation
scheme that does not require the transmission of motion
vectors. Motion information is obtained in a coarse-to-fine
hierarchical decomposition using non-linear non-expansive
filterbanks [4].

In the proposed method, motion estimation is performed
between frames at different resolution. Initially the lowest
resolution representation of the frame difference is trans-
mitted. Using the reconstructed lowest resolution frame,
motion vectors are computed for the next level in the image
hierarchy. Any previously transmitted frame can be used
as a reference. This motion information is used to predict
the frame at the current level of resolution. By adding the
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predicted frame to the motion compensated residual the
frame is reconstructed. Refinement of increasingly higher
resolution motion vectors is possible as the decoder works
up through the image hierarchy. Motion estimation is per-
formed at each resolution level to provide the most accurate
predicted frame, until the full resolution image is recovered.

Although technically speaking the proposed method can
be classified as backward motion estimation, it performs as
well as the block matching algorithms (BMA) without mo-
tion vector transmission. In addition, by reconstructing the
image in an hierarchical fashion, samples on both sides of
the pixel being evaluated are provided unlike current back-

~ward motion estimation algorithms. Depending on design

constraints, block based or pixel based motion estimation
routines can be employed during motion estimation.

In Section 2 we review motion compensated prediction
as well as forward and backward motion estimation meth-
ods. The motion transform is a backward motion estima-
tion technique and is presented in Section 3. Even though
the MT is classified as a backward motion estimation method
its performance is as good as forward motion estimation al-
gorithms as shown in Section 4. In Section 5 the conclusions
are presented.

2. MOTION COMPENSATED PREDICTION

In video coding, motion information is used to displace pix-
els in a reference frame to form a predicted frame. The pre-
dicted frame is subtracted from the original frame reducing
temporal redundancies in the signal and lowering the sig-
nal’s bandwidth requirements. This technique is known as
motion compensated prediction and is used in the major-
ity of commercial video coders today. The accuracy of the
displacement vector dictates the quality of the predicted
frame and the energy in the motion compensated residual.
Currently there are two main methods used for motion es-
timation: (1) forward motion estimation and (2) backward
motion estimation.

Forward motion estimation, bases the motion estima-
tion on the current frame plus a previously encoded (and
transmitted) frame. The immediate drawback is the need
to transmit the motion vectors, which consumes a portion
of the available bitrate. The most common technique in this
class is the Block Matching Algorithm (BMA) that is used
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Figure 1: Motion Transform Encoder.

in the MPEGI, MPEGII and H.263 video coding standards.

When using FME, motion information is transmitted as
side information. There is a tradeoff between the motion
vector overhead and the bandwidth required to transmit the
residual signal. Motion vectors that faithfully represent mo-
tion in a scene provide a more accurate prediction, thereby
reducing the entropy of the residual. However, more bits
are required to transmit this accurate motion field.

Backward Motion Estimation, bases motion estimation
solely on information available at both encoder and decoder,
and does not require transmission of motion vectors. In a
BME-type implementation, two previous frames are used
to estimate the motion for the current frame. The motion
estimate is not as good as the FME BMA but is superior
to the frame difference.

Reliability of the motion vectors is the main issue when
using BME. The fact that the estimate is based only on past
frames makes the method very sensitive to sudden changes

Figure 2: Motion Compensation Block.

in movements and to complex movements such as those
generally taken by human body parts (mouth, face, arms,
etc). In pel-recursive motion estimators this disadvantage is
off-set by providing one motion vector for each pixel in the
image. The pel-based algorithm however, can only make use
of pixels that have already been transmitted for the current
frame. Due to the progressive nature of transmission, the
pixels from the current frame are only available at one side
and above of the pixel whose motion is being estimated [5].

3. THE MOTION TRANSFORM

The MT uses a wavelet-like hierarchical decomposition us-
ing non-linear filterbanks to represent the input signal, as
shown in Fig. 1. At time i, F? is the full resolution image.
At each stage of the decomposition a quincunx decimator
is used to sub-sampled the input signal by a factor of two,

F*** D m) = F®2n + (n mod 2), m] (1)
FED [ m) = Fr* [ 9m)

where F*+1) is the lower resolution image and F*(*+U ig

an intermediate signal, with a quincunx sampling grid. The
spatial decomposition is performed repeatedly until the low-
est resolution image is obtained.

__To code the lowest resolution image FX an estimate,
FX | is obtained using motion compensated prediction. Mo-
tion information can be obtained using linear predictive
coding or in the example in this paper, the lowest reso-
lution motion vector is set to zero, and the predicted frame
FY = FX 5. In other words, the frame difference is coded
and sent to the receiver.

For subsequent levels in the hierarchy a lower resolution
image is always available for motion estimation. At level ,
decoded image F#*1 is used as the current frame for motion
estimation, as shown in Fig. 2. Any frame that was previ-
ously transmitted can be used as the reference frame, F, s
Displacement vectors are found for blocks of pixels, b*, at
resolution k. Any motion estimation technique can be used
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Figure 4: Motion Transform Example
Frame 52 of the CYCLEGIRL sequence is used to illustrate the MT. The original frame is shown in (a). The frame difference
is shown in (b). The motion compensated residual for the block matching algorithm using an (8 x 8) search region is shown
in (¢). The Motion Transform is shown in (d) with a (8 x 8) search region.

frame F¥ is constructed on a block-by-block basis using dis-
placed subsampled blocks from F,.f. The predicted signal,
ﬁ’,k, is then used to form the motion compensated residual
signal which is transmitted to the receiver.

At the receiver the process is reversed as shown in Fig. 3.
Technically the MT is a BME technique since it does not
rely on motion vector side information but, since motion
estimation can be performed using a lower resolution rep-
resentation of the image, the MT performs as well as FME
methods.

Some of the advantages of the proposed method:

e It does not require transmission of motion vector side
information, as required with forward prediction tech-
niques.

Figure 3: Motion Transform Decoder.

e It bases the estimation on the current and refined
frame, as in the more efficient forward prediction
BMA, instead of two past frames, as in backward

to find the best match and any size block can be used at each prediction techniques.

stage in the hierarchy. Once an appropriate match is found, e It uses pixels from every side, and not only from the
bk, s is composited into the predicted frame. The predicted upper (and left) pixels, as in pel-recursive methods.
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e It does actual matching, in contrast to Wang and
Clark [5], which uses only 1-pixel grey level difference
as the motion matching criteria.

¢ Since it does not transmit side-information, all avail-
able information can be used, including small block
sizes, pixel-by-pixel estimates or sub-pixel motion vec-
tor resolutions.

The disadvantages are:

e Motion information must be computed at both the
encoder and decoder. This doubles the computa-
tional complexity of the video codec.

e At very-low-bit rates, the savings in not transmit-
ting the motion vectors becomes more significant.
Nonetheless, as quantization error increases, the reli-
ability of the motion estimation based on these quan-
tized samples also decreases.

4. RESULTS

Results for the MT are given for a three stage implemen-
tation, using block matching for motion estimation with
(4 x 4) blocks at the lowest level of the hierarchy. Subsam-
pling by two at each stage of the hierarchy was used for
spatial decomposition. A DC-error compensation was per-
formed on a pixel-wise basis with non-overlapping blocks
for motion compensation.

The MT is shown for frame 52 in the CYCLEGIRL im-
age sequence in Fig. 4.d. The residual energy is displayed
for every component in the decomposition (for comparison
purposes the individual residuals were composited up to
the full resolution frame). The main objective of motion
compensated prediction is to reduce the energy of the sig-
nal to be transmitted. Using the MT, we have obtained
residual energies of 22.38 dB in this example, with a (8 x 8)
search region. This is better than simple frame differencing,
Fig. 4.b, with energy of 16.32 dB. The MT even compares
favorably with the block matching algorithm, Fig. 4.c, with
residual energy of 18.98 dB, (using a (16 x 16) block size,
a (8 x 8) search region and full search matching). The full
search BMA still requires motion vector transmission, while
the MT does not.

In Fig. 5 the MT’s performance is compared to the full
search BMA for 95 frames in the CYCLEGIRL image se-
quence. A (8 x 8) search region was used in both cases.
The MT outperforms the full search by a large margin.

5. CONCLUSIONS

The Motion Transform is a motion compensation technique
that does not rely on the transmission of motion vector
as side information. Using a non-linear non-expansive fil-
ter bank a hierarchical decomposition of the image allows
coarse-to-fine motion compensation at the decoder without
motion vector transmission. Displacement information at
each stage of the hierarchy is obtained through motion es-
timation using the reconstructed lower resolution image as
the current frame, while the reference frame is taken from
the set of previously transmitted frames. The MT performs

PSNR: BMA VS MT (Cycle Girl)
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Figure 5: PSNR Comparison.

" The full search block matching algorithm (dotted line) is

compared to the MT (solid line) for the CYCLEGIRL se-
quence.

favorably in typical image sequences but, the motion infor-
mation must be computed at the decoder as well as the
encoder. In applications where asymmetrical coders are
needed (e.g. broadcast environment) the MT use may be
undesirable. The MT shows promise in applications able
to tolerate symmetric computational loads, (e.g. telecon-
ferencing) or in applications with strict channel bandwidth
limitations, (e.g. the transmission of remote sensor imagery
or video archiving).
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