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ABSTRACT
1] 1 1
Motion estimation is still the step in a video coding scheme that 51 3 2
requires the largest part of the available computational resources. 3 7 13
Many paths have been tried to reduce the computational complex- 21151 40
ity of the motion estimation step. Here we will describe how it can 5131 121

be reduced for log-search motion estimation by a simple change
of search strategy. We will also examine how multiple search
paths influence the performance of the motion estimation algo-
rithm. Search patterns for log-search on a hexagonal grid are als
suggested.

Table 1. The longest motion vectors in full pixel resolution possi-
ble to reach by iterations of log-search motion estimation using
%he search pattern in Fig. 1 (d} and the proposed search pattern
in Fig. 1 (b) {s).

1. INTRODUCTION
distribution that is an effect of the partly-overlapping scheme of
To avoid the high complexity of exhaustive search over the searchFig. 1 (a).
area, logarithmic search[1] and the closely related 3-step search [2],
which will both hereafter be referred to as log-search, were intro-
duced. They first make a coarse estimate of the motion vector and
then successively refine this by searches in a smaller search area

around the best match(es) found so far. Fig. 1 (a) shows how the, the previous description in Section 1, and the experiments that

search pattern looks like if a 3 by 3 search area is used in eachyjj he described in Section 4, the size of the local search area,

step, and the size of the refinement vector is reduced by a factor,nich will be denoteds SF, was9 (3+3). Itwould also be possible
of 2 between the iterations. From Fig. 1 (a) it is clear that many ;4 ;se e.g. a'SF of 5 + 5, or non-separable tilings [5].

of the arrows meet, i. e. the search areas overlap. This can atfirst | o |5 analyse what effec§SF has on the computational
glance seem to be an advqntage, since it aI_Iows some error re(?o‘{éomplexity of non-overlapping log-search matching. The num-
ery. However, the overlapping search areas imply a strange a prioriyer of match criterion evaluationa], per estimated motion vector

probability distribution assumption for the motion vectors leading depends on the number of iterations of the algorithrand SSF
to sub-optimal decisions. Overlapping search areas also make the

computational load unnecessarily high. Error recovery is handled N =i%xSSF. (1)
well by using multiple search paths [3, 4].

Multiple search paths [3, 4] means keeping not only the best The number of pixels in the total search argds given by
candidate motion vector at each iteration, but a pre-defined number )
of motion vectors. This improves performance at the expense of s = SSF" 2
increased computational complexity.

Instead of the up to now prevailing partly-overlapping search

attern shown in Fig. 1 (a), we propose the non-overlapping search
pattom ot Fig. 10y, " T N = 5P l0gsp(5) = o (9) = Coseln(s). (@)

Using this search pattern, larger motion vectors will be avail-
able within the search area for a fixed number of iterations, com- We see that the complexity is proportional to the logarithns of
pared to the traditional search pattern of Fig. 1 (a). The maximum hence the name log-search. The complexity also depend$éh
size of motion vectors for different number of iterations can be How the complexity facto€'s s r varies withS.SF is evaluated for
seenin Table 1. some integeSSF:s in Table 2.

The number of match criterion computations that have to be To try to lower the computational complexity, the number of
performed to find vectors of lengthis roughly proportional to  positions evaluated in each iteration could be lowered to 5, by us-
log, (1) for the conventional scheme and heys(l) for the pro- ing the Koch-tiling pattern described in [5]. Four iterations of the
posed non-overlapping scheme. search is shown in Fig. 2. This would result in search areas of

The different vectors in the search area will be given uni- the type shown in Fig. 3. For each iteration of the algorithm, the
form a priori probabilities, instead of the non-uniform probability search area increases by a facto$ dts form remains unchanged,

2. SEARCH PATTERNS FOR NON-OVERLAPPING
LOG-SEARCH

Combining equations 1 and 2, we obtain



@)

(b)

2 2.8854
3 2.7307
4 2.8854
5 3.1067
6 3.3487
7 3.5973
8 3.8472
9 4.0961
10 | 4.3429
11 | 4.5874
12 | 4.8292
13 5.0683
14 | 5.3049
15 5.5390

Table 2. The computational complexity for non-overlapping log-
search matching is minimized if three points are searched in each
iteration.

but its orientation changes. The lengths of the vectors on the edge
of the search area increase by a factox/@t A disadvantage of
this search pattern is that the search areas are quite irregular.

3. SEARCH PATTERNSON A HEXAGONAL GRID

A hexagonal sampling of the plane is sometimes desired, since it
gives sample areas that have more compact shape than the squares
given by cartesian sampling. As far as we know, log-search match-
ing on a hexagonal grid has not been presented earlier. Here we
will give suggestions for search patterns for log-search on a hexag-
onal grid. First, we note that Equation 3 is valid also for log-search

on a hexagonal grid. Using three search points in each iteration
would therefore give optimal performance. Even if this is possi-
ble by using a search pattern giving so-called “fudgeflakes” [6] as
search areas, these search areas would not be centered around the
zero vector. To remedy this, we propose to use a search pattern
consisting of 7 points. The search pattern is shown in Fig. 5. The
resulting search area, shown in Fig. 6, is hexagon-like, but has a
fractal borderline. By increasing the number of searches in each
iteration, SSF, the fractal dimension of the border can be low-
ered, making the search region approach an ordinary hexagon [5].
However, since increasingS F' implies that the complexity factor
Cssr also increases, the suggested search pattern seams to be the
most interesting one.

4. EXPERIMENTAL RESULTS

Fig. 1. (a): Two iterations of log-search matching with half as We used the complex-motion scene flowergarden to compare the
large refinement vectors in each step and a local search area of performance of motion-compensated prediction using full search,
by 3. In the first iteration (top image), 9 positions are searched. traditional logarithmic search, and the logarithmic search proposed
Around the best match(es) found, a refined search is made (bottonin Fig. 1 (b). Four iterations were made in both the logarithmic es-
image). All possible outcomes of the algorithm are shown. (b:) timators. For the traditional search scheme, this gives a natural
The proposed logarithmic matching using refinement vectors with limitation in the length of motion vectors to 15. For the proposed
Iengthsé of the sizes in the previous step, and a local search areascheme, we limited the search area to the same size, in order to be
of 3 by 3. All possible outcomes of the algorithm are indicated to able to make fair comparisons. For the logarithmic search meth-

show that it is possible to find all motion vectors.

ods, the number of match value calculations B36s:, wherem

stands for number of search paths. This number could be lowered
if using the fact that some of the matches have already been calcu-
lated. That procedure, however, requires some overhead, and it is
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4 5 Wog Fig. 4. Results of motion compensated prediction using no mo-
#, ¥ tion estimation (dotted line), full search motion estimation (solid
line), log-search with traditional search pattesih @nd log-search
4/ with the proposed search pattew).( Test sequence was “flower
garden” in 352 by 240 pixels resolution. One motion vector in
1/ full-pixel resolution was estimated for each 8 by 8 block in the im-
N X age. The PSNR for the motion compensated prediction is given as
a function ofm, the number of search paths used in the log-search.

/N

Fig. 2. Five positions, one of which representing zero motion
are searched in each iteration. Four iterations of the search
depicted.

' doubtful if it is meaningful when the match criterion is relatively
aresimple. For full search, the search area was also 31 by 31 pixels,
which gives 961 match value calculations. The outcome in terms
of PSNR for the motion compensated prediction is shown in Fig. 4.

We see that motion compensation is really paying off, since
using the previous picture without motion compensation gives a
PSNR of only 15.7 dB, while using full search motion estimation
gives a PSNR of 25.5 dB. The basic versions of logarithmic search
using only one search path give PSNR around 20 dB (20.0 for
the traditional search pattern and 19.9 for the proposed). Using
more search paths improves PSNR substantially for the logarith-
mic motion estimation algorithms. The computational complexity
increases linearly with the number of search paths. In this exper-
iment, for 9 search paths, the computational complexity for loga-
rithmic search is a third of the computational complexity for full
search. The non-overlapping scheme has capacity for finding mo-
tion vectors up to a length of 40 with this number of iterations.
If this capacity would be used, full search would need twenty
times more match value calculations than logarithmic search with
9 search paths. For larger motion vectors, the relative difference
between the required computational complexity for full search and
logarithmic search increases, since the number of match value cal-
culations rise with the square of the motion vector length, while the
number of matches for logarithmic motion estimation rises with
the logarithm of the motion vector length.

5. CONCLUSIONS

The proposed non-overlapping search scheme for log-search mo-
tion estimation shows improvements in computational complexity
and proposes a more simple and straightforward alternative to the
partly-overlapping schemes that have been presented so far.

Non-overlapping log-search is ideally suited for use with mul-
tiple search paths. The non-overlapping property also facilitates
the computation of certainty measures for the motion vectors.

Fig. 3. After a few iterations the search regions obtain a fractal
appearance.
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Fig. 5. Proposed search pattern for log-search on a hexagonal grid.
Two iteration are shown.

Fig. 6. Resulting search area for log-search with the proposed

search pattern.

grid and given a search pattern for its implementation.
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We have also suggested log-search matching on a hexagonal



