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ABSTRACT methods, and where patch size varies with intensity gradient

A technique for performing progressive mesh-based motion O motion activity. Generally, a regular mesh is associated
estimation in a layered fashion is presented. Motion com- W!th backward estimation. Th_e wregulqr _mesh is coupled
pensation based on image warping provides a block predic-W'th forward estimation to avoid transmitting a large over-
tion free of block artifacts. The smooth prediction can be head for the patch structure. The latter provides better per-
used to identify motion-active regions by comparing with formancg th:_;m aregular mesh. However itis not popular in
the reference frame and generate a partial denser mesh, thu§2! applications due to the high complexity of the forward
forming layers of mesh. This approach provides a hierar- r_nethod or gssomated overhead for transmitting node posi-
chical partial refinement according to motion activity with- tions. In this paper, we present a regular mesh technique
out additional cost. Experimental results indicate that the With backward estimation that features the advantages of an
technique shows improvement over a single-layered uni-irregular mesh.
form mesh and advantages over block-based techniques, par-
ticularly in scalable and very low bitrate video coding.
2. ME/MC WITH SPATIAL TRANSFORM
1. INTRODUCTION

] ) o ] Motion estimation (ME) and compensation (MC) based on a
Block matching motion estimation forms an essential com- yjangular mesh, partitions the image into a number of trian-
ponent of inter-frame coding in many video coding stan- gyjar patches where the vertices are denoted as grid points.
dards. The block matching algorithm adopts a translational ysing mesh refinement (Sec. 2.2), the displacement of each
motion model, but thls_ is intrinsically limited when repre-  grid point is estimated and represented by a motion vec-
senting real world motion. In order to cope with complex  1or(\Mv). The displaced grid points define a deformed mesh
motion such as rotation and zooming, deformable mesh-iat describes the underlying motion. The deformed mesh
based algorithms have been proposed. In general, @ MesBf the reference frame is obtained from estimating the dis-
consists of polygonal patches, and a spatial transformationy|aced position of the mesh vertices in the current frame.
function is applied to map the image into a new coordinate pjotion compensation proceeds by retrieving six affine pa-
system. rameters from the displacements of the three vertices of

Mesh-based motion estimation can be divided into tWo gach triangular patch, and synthesizing patch content using
categories, defined by whether motion is estimated in theawarping operation defined by the six parameters.
forward or backward directions. In backward motion esti-

mation, a mesh is applied to the current frame and deforma-

tions are estimated from the current to the reference frame. i

Forward methods operate in the opposite manner. Backward?-1+ Affine Transform
motion estimation is widely used because of its relative sim-
plicity and the lower computational requirement of the map-
ping process. Forward methods can provide adaptive de
formation of the patch structure to track feature changes in
the image, but at the expense of complexity. Mesh-based
techniques can be further categorised depending on whethe
regular or irregular mesh is employed. A regular mesh con-
sists of uniform patches. An irregular mesh is generated .
according to the image content using Delaunay or Quadtree PF(z,y) = P (fi(z, ) (1)

An affine transform models translation, rotation, and scal-
{ing of a patch in the current frame to the corresponding dis-
torted patch in the reference frame. This transformation is
represented by six parameters. An intensity value of pixel
E?, y) in thei th synthesized patcR in the predicted frame

is given by



https://core.ac.uk/display/1380615?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Fig. 1. Hexagon-based mesh refinement : (left) before, Fig. 2. Progressive mesh refinement layers and approxi-

(right) after refinement mated frame difference maps
where the affine transforrfi(-) of the patch is given by compared with the current patch by the mean absolute dif-
ference. The optimum position @¥, is registered as the
! ar a2 a3 x new position ofGz. This procedure is repeated for each
y | =] b b2 b3 Yy (2 grid point until all the grid points converge to either local or
1 0 0 1 1 global minima.

where(z’,y’) and (z,y) denote positions in the reference
frame and the current frame respectively. There is a one-to-
one correspondence between vertices in the current frame 3. PROGRESSIVE MOTION ESTIMATION
and the reference frame, and therefore, the six parameters ,
a1, as,as, by, by, by are obtained by solving equations pro- A block-based model leads to severe block distortions while
vided by the motion vectors at the vertices and pixels within the mesh-based method may cause warping artifacts. In
corresponding patches can be interpolated accordingly.  terms of prediction accuracy, the mesh-based model can
give a more visually acceptable prediction, particularly in
the presence of non-translational motion. The complex mo-
tion modelling and block artifact-free characteristic of warp-
Mesh refinement refers to modification of the grid point lo- ing enables identification of the approximate difference re-
cations so that the image intensity distribution within any gion between successive frames using the motion vectors
two corresponding patches in the current and reference framalone. This does not appear to have been explored, and is
match under an affine transformation. Finding the optimum the motivation behind our proposed algorithm.
combination of each grid point that minimizes the differ- As mentioned, regular / backward mesh ME is a popular
ence between the current and reference frame for all pos-choice due to its relative simplicity and lower computational
sible combinations of grid point locations is not feasible in cost. However, a uniform patch structure cannot accom-
practice. Instead, finding a sub-optimum combination by modate non-stationary image characteristics nor cope with
successively visiting each grid point of the mesh and mov- exact object boundary representation. This is addressed by
ing the grid point to a new position within range, thus pre- employing a hierarchical structure using a Quadtree[2]. A
serving mesh connectivity and minimizing matching error mesh of a different density is applied according to motion
locally has been developed by Nakaya et al. [1].The ME of activity, and this allows more accurate motion modelling
the grid points proceeds with iterative local minimization of where needed. However, the technigue requires additional
the prediction error to refine the MV as below. bits to indicate the motion active region and has constraints
on the flexible movement of the grid points, which add com-
While keeping the location of the six surrounding grid plexity to the refinement process. We propose a progressive
points, G4 ~ G fixed(Fig.1), Gz is moved to an adja- mesh refinement method that is adaptable to motion activity
cent positionG’,. This is repeated, and for each move, the in a layered fashion, which overcomes the limitation above.
six surrounding patches inside the hexagon are warped and Fig.2 illustrates progressive motion estimation in terms

2.2. Mesh Refinement
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Fig. 3. Frame difference and patrtial refinement: (a) difference between current and reference images, (b) deformed regular

mesh, (c) difference between frame synthesized by (b) and current frame, (d) partial refinement

of layer and an approximated frame difference between lay-that covers the entire image and denser partial mesh applied
ers to identify motion-active regions and generate the partialto the moving regions only. This allows a hierarchical re-
mesh of the next layer. A global motion estimation is per- finement without the explicit overhead and constraints on
formed on the top layer while the next layers concentrate movement of the grid points.

on the finer motion activity. A similar approach was sug-

gested in [3]. While our technique provides partial refine-

ment by employing a layered mesh.topology without over- 4. EXPERIMENTAL RESULT

head, Toklu et. al. focus on the hierarchical mesh struc-

ture to the entire image in one layer, resulting in higher bit

rates. Fig.3 shows an example of an approximated differ- . o Sl i .
ence map. The actual frame difference between the currenf€St Sequences “Crew”, *Football”, *ice”, “Suzie” and "Ste-
and reference frames, (a), is quite well approximated in (c). [an"- According to our experiments, using two layers of
The approximate difference, (c), is obtained from subtract- MeSh with a patch size a6 x 16 ands x 8 show the best per-

ing the (warped) predicted reference frame (b) from the cur- formance in QCIF.resqutio_n in terms of ra.te-dis.tortion. The
rent frame. hexagonal matching algorithm[1] is applied with a search

The technique proceeds as follows. Firstly we apply range of£7 pier.s for the first layer ane-3 pix_e!s for the _
mesh refinement for a coarse prediction with a uniform meshS€cond layer which preserves mesh connectivity. More grid

and synthesize an image from the resulting MVs as in the points in the intial layer do not necessarily lead to either
standard mesh-based algorithm. We then identify regionsbetter motion active region identification or a better recon-
where motion discontinuities exist from the difference map, struction quality when bitrate is considered. This is due to

that is the variance of the patch differengejs greater than the grid point connectivity constraint that prevents effec-
the variance of the frame differenas;. The variance of the tive estimation when an over-dense mesh covers occluded

frame difference is given by / di;covered areas, gnd of course the increased number of
motion vectors. In this sense, the content-based mesh pro-

] MN B vides an advantage(see Sec. 5). The motion field is ini-

vp ==Y (f(i,5) = f)? (3) tialized with zero-motion and iteration starts with the grid

M-N j=11i=1 point closest to the image center. A hexagon that contains

_ at least one patch overlapping with the identified regions is

where)M andN are the frame dimensions aidlenotesthe  included in the partial refinement process. Note there is no
mean frame difference. The variance of the patch dif‘ferenceneed to transmit the region information as the region can

The algorithms were evaluated using the QCIF resolution

is given by be identified using the MVs transmitted in each layer. Mo-
X tion vectors are differentially encoded using Exp-Golomb.

_ 1 N2 Wavelet coding is applied to the displaced frame residue. In

PR ;(fp(z) 1r) @) Table.1, the left column shows the performace of the single-

layered mesh refinement and the right column represents the
whereK refers to the number of pixels in the patch. performance with an additional layer. The overall perfor-

mance is improved in all test sequences at a fixed bitrate
In the next step, a finer regular mesh is applied to the re-(0.2 bpp). The poor improvement in the Crew sequence can
gions containing motion discontinuities, as depicted in Fig.3 be accounted for by frames containing a flashing light which
(d). Consequently we have layers of mesh, a coarse meslis more efficiently compressed with residual coding.



overhead, and with no constraint on the movement of grid
point positions. The algorithm can be combined with any

regular mesh topology. This work shows an improvement

One Layer(HMA) Two Layer
Sequence MVs PSNR MVs PSNR
Crew 532 30.93 1190 30.95
Football 645 22.21 1149 22.32
Ice 415 27.11 913 27.68
Susie 349 37.93 719 38.15

over single-layered mesh refinement technique.
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