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ABSTRACT

The motion vector prediction (MVP) is an important part of video coding. There have been numerous workings on the
topic done by researchers before. In this paper, a continue study on MVP of video coding based on the workings of
predecessors is made. The video sequences with various motion characteristics are further investigated. The
characteristics of motion vectors of objects in video scenes are discussed briefly. Then, summarizing these
characteristics, two MVP schemes for a new coding standard, Audio and Video Standard (AVS), are proposed. In these
schemes, current block’s MV can be predicted based on statistical correlation of MVs of spatial contiguous neighbor
blocks. A correlation criterion is employed to measure how correlated between two MVs. With the correlation criterion,
the correlated MV's of neighbor blocks are determined. Then, the predicted MV of current block can be obtained with
some simple algebraic operations on determined MV's. The two proposed schemes, as the aternative ones of median
predictor, are suitable for different video sequences with different motion characteristics, respectively. The experimental
results show that the bit rate savings are achieved with these schemes in most of typical video sequences, compared with
the median predictor implemented in AV S.
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1. INTRADUCTION

The motion vector prediction (MVP) is an important issue in a video standard. MVP acts on three basic parts of an
encoder: 1) predicting the starting point of fast motion estimation (FME) searching; 2) predicting the currently encoded
block’'s MV; 3) deriving MVs for special modes without MVs information in bitstream. First, the goal of fast motion
estimation is finding the approximate optimal MV by searching fewer points than full search. Usually, an MV is
predicted for the initial search center of FME, and then the possible points around the initial search center are searched
according to FME agorithm. The majority of FME algorithms often fall into local optimal point which may be not real
optimal MV for current block. If the MVP predicts a point closer to the globa optimal point, the probability of
encountering local optimal points is reduced. Thus, the failure may seldom occur. The accurate MVP is also helpful for
reducing the time complexity of motion search, and thus reduces the complexity of encoder. In contributions™ ™ %,
MVP is adopted for FME. Second, in inter-picture coding, the MV information must be coded into bitstream for the right
reconstruction of the inter-pictures in decoder. The motion vector coding has a significant influence to the video
sequence coding efficiency. Especialy, at low bitrate, the proportion of bits for MV is large in whole bitrates. The MV
coding influences the coding efficiency more significantly than the texture coding. In order to compress the bits for
coding MV, the MV difference (MVD) is coded into bitstream instead of the MV by oneself. MVD is the difference of
an actual MV and a predicted MV. In the decoder end, the MV s retrieved through MVD adding the predicted MV.
Because the predicted MVs got by encoder and decoder are identical, the decoded MV in the decoder is also identical to
that estimated by motion estimation (ME) in the encoder. In the way of coding MVD, if the MV P is accurate enough, the
actual and predicted MV's are close. The value of MVD approaches to zero. And thus, the fewer bits are consumed at
MVD. Third, MVP can derive MVs for the special inter-prediction modes without MV information in bitstream. These
special modes use the MV's derived by MVP for motion compensation instead of coding MV's into bitstream” ® 6. An
accurately derived MV makes smaller residuals between current block and prediction block. Since the deriving MVs are
not coded into bitstream, it contributes to the bit saving. At low bitrate, these modes are often pitched on for the total bit-
consumings for them is less than those for other modesin large quantization step size. The above three important roles of
MVP in video coding motivates us to improve it. Many works in MVP or relative MVP have been done by pioneer
researchers for last several decades. Presently, the median predictor is widely applied in many important coding
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standards, such as H.263°%H.264". It obtains the median values of corresponding components of MV's from the neighbor
blocks as the components of predicted MV. The schemeis simple but is not suited for the ununiform motion scene. As an
aternative solution for median predictor, the contribution® proposes another one which selects the MV of the one closer
to a reference block from two neighbor blocks as the predicted MV. In the contribution™®, besides the median prediction,
the linear prediction, the mean prediction and the weighted mean prediction, are also employed to locate the initial
searching point of ME. The mean prediction is only the average of the MVs from the neighbor blocks. The weighted
mean prediction is an improvement of the mean prediction. The scheme assigns a weighted factor for each neighbor
block according to the relation between MVs of current block and its neighbor blocks before coding. And then,
calculates the weighted mean of MVs from the neighbor blocks with these weighted factors while coding. The
contribution' uses conditional probabilities of finite state machine uniquely determined by a dynamic state vector
guantization code book to estimate statistical mean for MVP. Considering the inaccurate prediction with uncorrelated
MVs of neighbor blocks, the contirbution'? joins a predefined threshold to guarantee the validate MVs to be used for
median predictor. Considering the condition of multiple reference frames in H.264, the contirbution® scales each
neighbor MV, which refers different frame from that of current block, to the same one according to the temporal
distances of the reference frame. The method improves the reliability of neighbor MVs. Ismaeil, etc. The contirbution™*
adds the temporal prediction in MV P to compensate the insufficiency of spatial prediction. The idea of spatio-temporal
prediction is not initiated by them, but they bring a new temporal prediction method based on a projection technique. The
spatio-temporal predictor can achieve small gains over single spatial prediction at the cost of higher complexity in both
computation and memory. It is may be unpractical to apply in video coding standard. However, the temporal prediction
finds good application in motion compensation temporal filtering (MCTF). The performance of the temporal prediction
outperforming that of the spatial prediction is showed in the MCTF with multiple temporal hierarchies'. In the
contirbutions>**, the S. D. Kim and J. B. Ra introduce a flag indicating which neighbor MV's are used to predict the
current MV in bitstram. The neighbor MV obtaining MVD with minimum bit amount is selected as the predicted MV of
current block in encoder. Then, two-bit flag is transmitted to signal the decoder that the indicated MV is the predicted
one. Considering the median prediction with the better performance in uniform motions scenes, the two schemes are
mixed into one. A threshold is employed for determining proper scheme adaptively. The predictor is good at coding
efficiency but the complexity is high, too. Except for reducing the MV D, in the contirbution” *¢, a predictor is employed
in the direct mode for B picture and the skip mode for P picture. In the paper, the predictor is employed for not only
predicting the current MV but also deriving the MV s for blocks with special modes. The improved results show the MV P
applying in the special modes saves the bitrate for coding MVs efficiently.

The AVS is an up to date standard in China just like MPEG-2°, MPEG-4", and H.264" in the world. The basic
framework of AVSis similar to that of these popular video standards. However, the details in each technique of AVS are
different. Studying on some methods used in MPEG-2/4 and H.26L and referencing from some others in relative topic
papers, we propose two simple MVP schemes for AVS. The two proposed schemes predict MV based on statistic
analysis to spatial characteristics of video pictures. Although only one of them is used in AV S reference software now,
they present similar performances in coded bit saving. As the characteristics of different video sequences are different,
each scheme is more suitable for some kinds of typical video sequences. These predictors can all be used in all existing
video standard.

The paper is organized as follow: In the next section, the theory of MVP is discussed. The third section describes the
three proposed predictors based on the theory of MVP. And then, the experimental results are presented in the fourth
section. Finally, conclusion is followed.

2. THE THEORY OF MOTION VECTOR PREDICTION

In present video coding standard, a video picture is coded in multiple macroblocks (MB). The size of macroblock is
16x16 pixels. A MB may be divided into blocks with smaller sizes for hierarchical motion compensation (MC). The way
of video coding based on block motion estimation and compensation is called block matching agorithm (BMA). In
video sequences with motion scenes, MVP of BMA is to predict a MV for current block using the known information.
The information can be retrieved from the previously encoded blocks which have finished motion estimation and can
provide its MVs. A motion object in a picture usually covers more than one block. The object is divided into several
parts by the neighbor blocks. Some neighbor blocks may contain the parts of a motion object locating in current block. In
this case, the motion direction of the current block and its neighbor blocks should tend to be identical to that of the
motion object in ideal condition. Thus, the MVs of current block and its neighbor blocks should be identical. Based on
the assumption, the MV's of blocks around current block is useful for predicting the MV of current block. However, in
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practice, the situation is not simple like that. Since the neighbor blocks around current block may contain other objects
not located in current block, with the ME, the MV's of the neighbor blocks acted on by multiply objects may be different
from the current block. In this situation, the MVP is invalid. This is a disadvantage of video coding based on BMA.
However, at least, they are still highly correlated with MV of current block. In the coding way of MVD, anyway, a
predicted MV for current block must be obtained. The MV's of spatia neighbor blocks are the preference for current MV
prediction. The Fig.1, taking some examples, shows the MV's of blocks and the motion objects in a picture of video
sequence. In the figure, the MV of current block 5 is identical to the motion object located in it as there are no other
objects disturbing the MV of current block tending to the object motion. The MV's of the neighbor blocks 2, 3 and 6 are
also identical to the MVs of the parts of the object located in them. Whereas, to the neighbor blocks 1 and 4, the other
motion objects may result in that the MV s of blocks are different from that of the motion object.

1 2 3
AN /&\V\ O The object in current block
\ o
@ The object in neighbor block

q 5
N—_
/ —> The MV of ablock
v4 —> The MV of aobject
7 0 The current block

Fig.1. Therelation of MVs of blocks and motion objects

Object motion can be classified into rigid motion and non-rigid motion. In the case of rigid motion, the motion is simple
tranglation. Its inner motion velocity of object is identical everywhere. The characteristic of rigid motion help us to
predict the MV of apart of a motion object by that of the other part of the motion object accurately. However, in the case
of non-rigid motion, the motion includes rotation and distortion more than translation. The inner motion velocity of a
non-rigid motion is not uniform. Unlike the tranglation, the rotation and deformation are not easy to be ssimply predicted
by the correlation of MV's of parts of the object. The complex motion situation makes the correlation of MV's of parts of
the object weak. This is the reason why the compression ratio of sequences with non-rigid motion is low. This is the
other disadvantage of video coding based on BMA. The situation of MVs of the inner parts of the rigid motion object
and the non-rigid motion object is demonstrated in Fig.2. Although the correlation of inner parts of non-rigid motion
object is weak, the MVs of the parts around the current parts are still the best references for predictinga  close MV for
current part. The median predictor is good at rigid motion for its uniform motion of rigid objects. However, as for the
non-rigid objects, since the irregular motion velocities of inner points of the objects, the median predictor is invalid.
Thus, we are aiming to find other predictorsto avoid the shortage of median predictor.

A - The MV of the object A
—— TheMV of ainner part of the object
I,//
\
> >
MVs of therigid object MVs of the non-rigid object

Fig.2. The MV'sof every part in therigid object and the non-rigid object
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Whether a motion object is rigid or non-rigid, it should have a MV which can represent the motion direction of the
object. The MV iscaled main MV. To rigid objects, the main MV isidentical to the MVs of every part of the object. To
the non-rigid objects, although the MV's of every part are different, there is a main MV for the non-rigid objects which
reflects the motion direction of non-rigid objects roughly. The main MV of a motion object is preponderantly determined
by the mgjority of MV's of parts in the object, thus the majority of MVs should approach to the main MV. In BMA, a
motion object may cover several blocks including current block. Whatever are rigid objects or non-rigid objects, the MV
of current block, i.e. current MV, should be approximate to the main MV in probability without regard to some
unexpected conditions. In view of it, we think that the main MV of an object is a good prediction for current MV. The
main MV can be expressed as the vector mean or median of the majority of similar MVs. Meanwhile, the minority of
MVs far apart from the majority of MVs are discaded. In order to obtain the similar MVs, a criterion is employed to
decide how close two MVs in distance. The distance between two vectors is usually calculated by Euclidean distance.
The Euclidean distance is expressed as:

O = %)%+ (¥, = ¥,)?) (1)

where xq, Xp, Y1, Y2 ae components of the vector (x;, y1) and (X, ¥»). The Euclidean distance formula is often used to
calculate the distance between two points in the two dimension space. The Euclidean distance expression is a square root
form. In order to reduce computing complexity, a simplified form of Euclidean distance is used as the correlation
criterion of MVsin MVP

X = %]+ Y1 = V| )

where the sum of the absolute items substitutes the square root of the square sum items. The result of formula (2) can
also indicate the approximate Euclidean distance between two vectors like the formula (1). Larger is the result, farther
the distance is. The distance between two MV's can reflect their correlation, so the criterion is called correlation criterion.
With the correlation criterion, the candidate MV's are dealt with further. Then, the main MV for prediction of current MV
can be obtained with some simple algebraic operations on the dealt MVs.

In coding standards, the codec complexity is very important for practice applications. Thus, for simplifying complexity,
the fewest but representative blocks are used for MVP. Also, it is not the MVs of all neighbor blocks can be obtained
before predicting the current MV. Only those, having been encoded previously, can be obtained. The blocks selected for
prediction are called candidate blocks and their MVs are called candidate MV's. Commonly, three representative blocks
are employed by predictor. The spatial positions of current block and three candidate blocks may be clearly learned from
Fig.3. In the figure, the block E denotes the current block to be predicted. The candidate block A contains the pixels of
the left of block E; the candidate block B contains the pixels of just above block E; the candidate block C contains the
pixels of upper right of the block E. The candidate block D contains the pixels of upper left block E. the block D is used
only if the block C is not available. Motion situations of the four candidate blocks around the current block can contain
that of current block basically. If a motion object locating in the current block is larger than the current block, the other
parts are likely to fall into some of the candidate blocks. Thus, the MV's of neighbor blocks may estimate the current MV
well. However, the parts of the motion object sometimes fall into the current block and the unprocessing blocks. The
MVs of unprocessing blocks cannot be obtained while coding current block. In this situation, the spatial predicted
scheme is failing, and the current MV is effectively predicted by nothing but the tempora prediction. However, the
temporal prediction increases both the memory and time complexity. It is a high cost trading off the coding gain and
complexity. Thus, the temporal prediction is not usually employed in some video coding standards. Some schemes about
temporal prediction are merely limited in research.

In multiple reference frame prediction, the candidate MVs from different reference frames is also a reason of inaccurate
prediction. The MVs from different reference frames contain the temporal motion information which disturbs the
prediction based on spatial domain. The unprocessed MV's are valueless for the predictors merely based on spatia
prediction. The temporal disturbing information can be approximately removed by scaling the MVs from different
reference frames in the same frame referenced by current MV according to the temporal distance between reference
frames. The temporal distance between two consecutive frames s fixed. It can be calculated by the inverse of frame rate.
The accurate prediction can be obtained with scaled MVs.
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Fig.3. the location of current block and its neighbor blocks

3. THEMETHODSOF MOTION VECTER PREDICTION

In terms of the above analysis, we propose two MV P schemes for AVS. They are Average of Closest MV's Scheme and
Median MV Scheme. Their prediction process is very similar. They all employ the correlation criterion for calculating
the correlations of candidate MVs. However, the minor difference is how to deal with the MVs obtained by the
correlation criterion.

3.1 Average of Closest M Vs Scheme (AOC)

After the selection of candidate blocks, three candidate blocks around the current block are obtained. Their MVs for
MVP along with them are also obtained. Assumed an area is composed of current block and its candidate blocks.
Although MV of the blocks in the area may be different, the area still has a main motion direction. The main MV of the
area should approach MV s of the majority of blocksin the area. The current MV in the areaiis very likely to approach the
MVs of the mgjority of blocks in the area. Thus, the correlation between main MV and the current MV is strong. In
MVP, The current MV should approach no fewer than two of three candidate MVs. Moreover, considering the exception
of a block with weak motion correlation to current MV, the two candidate blocks with closest MVs are employed as the
prediction for current MV. Thus, only the two candidate blocks with shortest distance are selected for prediction and the
left oneis discarded. According to above description, the scheme is expressed with the following formula:
P,Q= argmin (M,()—M,()|+|M,(y)=M(y))

i,j=1,2,3,#]
M;e{ A.B,C(D)} (3)

where M denotes the candidate MV; the M; and M; denote MV's two different blocks; and x and y are the horizontal and
vertical components of vector M respectively. The pair of MVs with smallest result from three candidate MVs is
obtained with formula (3), which is just the pair of correlated MVs. After selecting two closest candidate MVs, a
decision which oneis closer to the current MV between the two MV s can not be made yet. The problem can be solved by
an eclectic decision, which uses the mean value of the two cloest MV's as the main MV of the area. The decided MV
represents the motion direction of the magjority of MVsin the local area composed of the current block and its neighbor
blocks. The mean value of the two MV s is the mean values of their corresponding components. The main MV is just the
prediction of current MV.
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3.2Median MV Scheme

The method is inspired by the median predictor. Median predictor uses the median value of the corresponding
components of candidate MV's as the components of predicted MV, wheress, in this method, the median of candidate
vectors instead of the median of corresponding components of candidate vectors becomes the predicted MV. The median
is the best choice in probability without any prior knowledge. The median of three MV's should be the MV in the middle
of other two MVs. Thus, the median MV is not farthest from any one of other two MVs. In other words, the other two
MVs are the pair of three MV's with farthest distance. The median MV can be obtained excluding the pair MV's with
farthest distance. After the selection of candidate MV, the correlations of each pair of three candidate MV s are calcul ated
with the correlation criterion. Then, the pair of MV's with maximum result is obtained through the following formula:

P.Q= argmax (M,(x)~M (x)]+[M,(y)-M,()) “)
W TABEloy

Excluding the pair of MV with maximum result, the |eft one just becomes the predicted MV. The method considers that
the MV employed as the elements of MV P is better than its components as there exists the correlation between the two
components. The object motions in scenes are measured by the whole MV instead of its separated components and the
components just are the analysis of aMV. Thus, amedian MV is used as the predicted MV. The method, like the median
predictor, is suitable for video sequences with characteristic in relatively uniform motion. It can achieve as well
predicted results as the median predictor.

4. EXPERIMENTAL RESULTS

The two proposed MV P schemes and median predictor are implemented into the AVS-M reference software WM2.0.
Several typical sequences with different quantization parameters (QP) and sizes are test. The test conditions are listed in
Table 1. The comparisons are performed among these schemes with fixed quantization parameters (QP). The test results
of three predictorsin different QPs are compared in Table 2 and Table 3. PSNR and bitrate of sequencesin CIF or QCIF
are showed in the two tables. A comparison can be observed that the proposed predictors achieve better performances
than median predictor for provided test sequences in most of QPs. The improvement is the integral behaviors of three
aspects, ME, MVD and special modes, which MV P acts on. These sequences feature in the fast and complexity local
motions. As for these sequences, the median predictor is not as good as the proposed predictors.

Table 1. The condition for MV P test

Frame to Be Encoded 200
Sequence type IPPP...
Frame rate (fps) 30
Number of Reference Frames 2
RDO On
QP 28, 32, 34, 36, 40, 44
Search rang CIF:32; QCIF:16

5. CONCLUSION

In this paper, two simple MV P schemes are proposed for usage in AV'S. The schemes are designed based on the analysis
of spatial motion characteristics of objects. The correlation of current block and its neighbor blocks is fully explored to
improve the coding efficiency for some typical video sequences. The process of MVP is the simple algebraic operations
on the few candidate MV's. Meanwhile, the proposed schemes predict the current MV spatially. Thus, they are as simple
in codec complexity as the median predictor. As a general scheme, the proposed MV P schemes are not limited to usage
in AVS. It is capable of substituting for any existing predictor in video coding standards.
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Table 2. The test results of three predictors for sequencesin QCIF

Median predictor AOC predictor Median MV predictor
Sequence | QP Bi - -
itrate Bitrate PSNR Bitrate
PSNR (db PSNR (db
@) | (ops @) | ®p9 | @) | (opy
28 37.1419 |195.902| 37.1069 |195.997| 37.1135 | 195.572
32 35.0712 |122.722| 35.0628 |123.168| 35.0789 | 122.996
Foreman
36 33.1961 |[80.3940| 33.1830 |80.9628| 33.2121 | 80.4276
40 31.2094 |54.3384| 31.2749 |54.3636| 31.2307 | 53.9556
28 37.3015 |59.8056| 37.2920 |59.6952| 37.3057 | 59.4912
32 35.2851 |34.5744| 352947 |34.5108| 35.2808 | 34.4964
Container
36 33.1924 |21.8940| 33.1981 |21.8292| 33.1901 | 21.9912
40 31.2435 |14.3676| 31.2262 |14.2164| 31.2242 | 14.3424
32 32,7497 |337.235| 32.7467 |337.303| 32.7556 | 337.134
34 31.7153 |271.390| 31.7269 |271.658| 31.7308 | 270.748
Tempete
40 28.2109 |120.928| 282244 |120.926| 28.2302 | 120.779
44 26.1315 |72.8160| 26.1337 |72.0872| 26.1267 | 72.8056
32 | 33.69329 |167.881| 33.7308 |169.003| 33.7242 | 168.361
34 | 3262646 |141.082| 32.6394 |141.596| 32.6370 | 141.034
Paris
40 | 29.01461 |73.1484| 29.0377 |73.3368| 29.0108 | 73.2372
44 | 26.84480 |46.1244| 26.8718 |46.2012| 26.8572 | 46.0272
Table 3. The test results of three predictors for sequencesin CIF
Median predictor AOC predictor Median MV predictor
equence | QP Bitrate Bitrate | PSNR Bitrate
PSNR (db PSNR (db,
@) | (ops @] py | (@) | (opy
28 38.3570 |630.912| 38.3473 |631.688| 38.3422 | 629.284
Foreman 32 36.4820 |411.888| 36.4915 |413.566| 36.4936 | 412.037
36 34,7761 |280.529| 34.7837 |281.712| 34.7789 | 280.990
40 32.9589 |193.400| 32.9818 |193.937| 32.9810 | 192.682
28 36.9023 |1677.06| 36.9096 |1680.25| 36.9049 | 1676.86
Stefen 32 345340 |1025.15| 345341 |1027.60| 34.5343 | 1025.14
36 32,3953 |639.421| 324041 |640.702| 32.4027 | 639.131
40 30.1501 |394.798| 30.1531 |395.860| 30.1565 | 394.490
28 36.2535 |1741.40| 36.2502 |1739.61| 36.2554 | 1740.80
Tempete 32 33.8552 |1044.67| 33.8534 |1044.89| 33.8540 | 1044.52
P 36 31.7585 |620.844| 31.7570 |619.199| 31.7487 | 620.100
40 29.6272 |352.477| 29.6273 |352.057| 29.6292 | 353.297
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