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Introduction

The integer pixel search for motion vectors is considered to require most computation capacity in H.263+.  The way motion vectors are found will not be a matter for standardization.  However, it is of great interest to demonstrate how motion vector search may be implemented in a simple way.

In the test model a ‘full search’ over the range (15 is specified.  This implies good performance but at a high price concerning computations.  There are many ways of simplifying this scheme.  The present solution makes the following simplifications/improvements compared with the test model.

Do the search around the predicted vector or the zero vector, whichever result in the smallest SAD.

Search in 42 (or 41) position instead of 961 positions (with (15 pixel window).

Adjust the SAD values according to the bits needed to code the motion vector.



Description of the simplified search

Calculate SADs for the predicted vector and the zero vector

The prediction of the 16x16 motion vector is calculated as indicated in 6.1.1. of the standard.  This prediction is in half pixel units.  It is divided by two (with truncation) to give the integer pixel prediction PRED.

The next step is to calculate SADpred for the predicted vector and SAD0 for the zero vector.  If SADpred is smallest the subsequent search is made around the predicted vector (PRED).  Otherwise the subsequent search is made around the zero vector (0,0).

40 search positions

The figure below shows the 40 search positions around the search center.  The SAD for the search center has already been calculated above.  A ‘spiral’ search is done (see numbering on the figure) and accumulation of a SAD are stopped as soon as its value is larger than the previously smallest SAD.  These two ‘tricks’ are similar to what is done in the Telenor software.
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Increment of SAD depending on bits for integer vector

It is preferable to use a motion vector that result in few bits.  To favor such vectors, an addition is made to the calculated SAD depending on the bits spent on the integer vector.  The increment is also made dependent on QUANT since vector bits occupy a larger part of the total bitrate for high QUANT.

SADincr = QUANTxBITSvector



Simulation results

The QCIF sequences Silent voice, Coastguard, Foreman and the CIF sequence Paris were used.  Framerates 5, 10, 15 fps were used.  As references I used full search with (8 and (15 pixels.  I also used the simplified method described in Q15a45 with layers 0 and 1 only.  The 4 search methods are:

(15 full search labeled 961 according to the number of search positions.

( 8 full search labeled 289 according to the number of search positions.

The simplified method described in this document labeled 41 according to the number of search positions.

The method of Q15a45 with layers 0,1 only labeled 5 according to the number of search positions.

In the figures at the end of the document we see the SNRY/Bitrate curves for the four sequences and three framerates.  The curves were produced by using different QUANT values: 5,8,13,20.



�Computations needed for the different methods.

Consider first that we calculate SADs by summation over all 16x16 pixels. With (8 we search 289 positions whereas with (15 we search 961 positions.  This is compared to the 41 positions in the proposed simplified approach.  Therefore:

(8 needs 289/41 = 7 times as many computations.

(15 needs 961/41 = 23.4 times as many computations.

When using spiral search and ‘abortion’ of SAD accumulation, the program may jump out of the loop after every line of 16 pixels if the SAD is larger than SADmin .  In this situation it is therefor more correct to count the actual number of ‘16 pixels’ that is calculated.  This was done and the corresponding numbers were:

(8 needed on average 6 times as many computations.

(15 needed on average 18 times as many computations.



Conclusions

I tried to use sequences/framerates that is expected to cause difficulties with a simplified search procedure.  As expected the simplified method works best for simple motion (high framerate).  Comparing the described method with full search:

The simplified search typically result in 5% increase in bitrate (corresponding to about 0.15 dB) compared to full search at 5 fps for the tested sequences.

At 10 fps the increase in bitrate is down to about 2 % and at 15 fps the performance of the simplified search is practically the same.

The method from q15a45 uses only 5 search positions and is therefore the least complex method.  However, this method also result in considerable reduction in performance for the sequences tested.  The results seem less promising than those reported in q15a45.  Maybe I have misunderstood something in my implementation?

The simulations show that it is possible to simplify the motion vector search significantly compared to full search and still have good performance.  
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