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Bi-prediction Combining Template and Block Motion Compensations
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This report introduces a bi-prediction scheme with only a motion overhead as for unidirectional prediction. It
combines motion vectors found by template and block matchings with the overlapped block motion compensation
(OBMC). An optimal window function is designed based on a model-based framework. Additionally, the concept of
adaptive motion merging is incorporated to enable a template-matching-free implementation. Three algorithms
featuring different performance and complexity trade-offs are implemented using the TMuC-0.9 HM software and
tested with the common test conditions.  Relative to the anchor, the best of them achieves an average BD-rate saving
of 2.2%, with a minimum of 0.2% and a maximum of 4.7%.
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1. INTRODUCTION

Using the data accessible to the decoder for motion inference has recently emerged as a promising technique
for the next generation video coding standard. This notion has been applied to design a wide variety of
methods. Typical examples are template matching prediction (TMP) [5] and adaptive motion merging [11].
The former estimates the motion vector (MV) for a target block on the decoder side by minimizing the
matching error over the reconstructed pixels in its immediate inverse-L-shaped neighborhood (usually
termed the template), while the latter adaptively reuses motion parameters for its neighboring blocks. It is
interesting to note that the overlapped block motion compensation (OBMC) [8], first proposed one and half
decades ago, also follows the same rationale. It views the received motion data as a source of information
about the motion field and forms a better prediction of a pixel’s intensity based on its own and nearby block
MVs.

Motivated by these observations, we are led to develop a biprediction scheme, which incurs only the
overhead for unidirectional prediction. The idea is to combine MVs resulting from the template and block
matchings with OBMC. Of particular interest in this combination is that the template MV is inferred on the
decoder side. Thus it has only to signal one block MV while attaining biprediction performance. The same
notion is further generalized to allow a template-matching-free implementation, which replaces the template
MV with a decoded MV specified by a mechanism similar to motion merging.

The choice of a proper window function is critical in these applications. We approach this problem
through the parametric OBMC framework in [3]. The resulting window function is shown to resemble a
particular type of geometry motion partitioning [6] with its MVs located on the diagonal running from the
upper left to the lower right. Particularly, asymmetric-like partitioning [7] arises when the template region is
of rectangular shape and is located to the left or on the top of a target block.

Based on these notions, three algorithms featuring different performance and complexity trade-offs are
implemented using the TMuC software [4] and tested with the common test conditions [2]. When compared
with the TMuC_0.9-hm anchor in common test conditions, the best of them is observed to have 0.2-4.7%
BD-rate savings [1], with an average of 2.2%. The average decoding time increases by 10% while the
encoding time doubles. Remarkably, this particular implementation can produce an effect similar to having
one of the asymmetric/geometry motion partitions coded in merge mode, the concept of which is known as
partial motion merging.

The rest of this report is organized as follows: Section 2 briefly reviews the POBMC framework in [3].
Sections 3 and 4 introduce the proposed technique and its low-complexity implementation, respectively.
Section 5 provides experimental results for various test conditions. Finally, this report is concluded with a
summary of our works.



2. PARAMETRIC OBMC
In [8], OBMC is introduced to provide a better prediction of a pixel’s intensity value 1(s)based on

motion-compensated signals {T(s+v(si))}iL:1 derived from its own and nearby block MVs {v(s,)}-, .

Essentially, these MVs are considered to be plausible hypotheses for its true motion; their weights
w = (W,,W,,...,w, )are chosen to minimize the mean squared prediction error subject to the unit-gain

constraint:
W= argmin £w) st. Y -1 W
where N
) =e{(10- Y it vs)D @

In applying OBMC to variable block-size motion partition, our previous work [3] proposes a parametric
window solution. Using the motion model in [12], the &£(w) at pixel s is shown, under some mild
conditions, to have the following form:

L
&(w) = > ear’(s;s,), ©)
i=1
where ¢ indicates the randomness of the motion and intensity fields;{r(s;s,)}, are the L,distances

between s and its nearby block centers {s,}-, where {v(s,)}., are sampled. Upon setting the gradient of

with respect to w to 0, the optimal weights become
W= r(ss;)

e

The significance of this result is that it requires only the geometry relations of pixel s and its nearby block

1<i<L. (4)

centers {s,}-, to obtain {@ }-,. This remarkable property allows MVs associated with any motion

partitions to be incorporated for OBMC.
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Fig. 1. Joint application of TMP and BMC.



3. COMBINING TEMPLATE AND BLOCK MOTION COMPENSATIONS

In this section, we present the proposed bi-prediction scheme and the design of its window function.

3.1. Concept of Operation

Fig. 1 depicts its concept of operation. Like the conventional biprediction, it predicts a target block based on
two predictors. These predictors however are weighted in a pixel-adaptive manner using POBMC, with one
of them derived from a MV v, found by template matching [5] and the other from the usual motion
compensation. Since v, can be inferred on the decoder side, this scheme has only to signal motion

parameters for or one block MV (denoted as v, ). Additionally, we restrict v, to be unidirectional in order

to minimize the overhead.

3.2. Optimized Block Matching Criterion

In this application, v, cannot be specified discretionarily. It is thus important to find a v, that, when
applied jointly with B, minimizes the prediction error over the target block B. Such v, can be described in

symbols as follows:

v, = agmin Y (16— a6 6+v) - a,0)i6+v,) ©

b seB

where @, (s) denotes its window function, @,(s) =1-@,(s) , and 1 is the reference picture. Clearly,
@,(s) has a decisive effect on the value of v, and thus on the prediction performance of this scheme.

Instead of using an iterative procedure to determine «,(s) (and thus ,(s)), as is the case with the
OBMC [8], we approach this problem by resorting to the parametric framework in Section 2. To proceed,
v, is approximated as the pixel true motion v(s,)at the template centroid s, , a justification of which can
be found in [10]. However, we avoid making the same approximation for v, because its search criterion is
no longer to minimize the sum of squared prediction errors® (cf. (5)). It is replaced instead by the true
motionv(s,) of some unknown pixel s, in B. We now cast the problem of determining ,(s) as the

search for an s, in B that minimizes the sum of mean squared prediction errors (SMSE) over B:

Y(19)- 0@i6+v) - 4@ +v) ©)

seB

A block MV approximates the pixel true motion at the block center only if its search criterion is to minimize the sum of squared

prediction errors [12][9].
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optimal window functions associated with v; and vy, respectively.

Each term in the summation of (6) is simply the mean squared prediction error, produced by OBMC based

on v(s,) and v(s,), at some pixel s and can be modeled with (3). For a given s,, (6) is minimized when
each operand reaches its minimum, that

is, according to (4),

when
w,(5) =, (s) =1(s;s,) I (r’(s;s,) + r’(s;s,)) . Noting this, we have:

s, =argmin >z (e (9))°r*(s15,) + (& (9)°r(s3s,)) W)

Due to its non-linear nature, s, has to be found by numerical simulations, i.e., we have to compute SMSE

for every admissible location of s, . Fortunately, the computation is tedious but not difficult, and can be

made offline. Once it has been solved, the a;(s) is immediate by (4). Applying this window function to (5),

we get an optimized block matching criterion, with which a v; approximating the pixel true motion at s;
can be found.

To get a sense of where s; should be located, Fig. 2 (b) plots the SMSE as a function of its location.

As can be observed, the SMSE becomes smaller when s, sits in the bottom right quarter; a further precise

calculation shows that its optimal location occurs at point (9.5, 9.5) for a 16x16 target block. This is of no

surprise because V¢ , located at the template centroid (1.9, 1.9), has a higher correlation with the motion field

in the upper left quarter and thus contributes more to minimizing the errors there. Intuitively, s, should be
so placed that the errors in the remaining part of B can be minimized.



3.3. Window Functions
Fig. 2 (c) and (d) plot the window functions, 1-a;(s) and w,(s) ,for v, and v, , respectively. As can

be seen, their waveforms suggest a special type of geometry motion partition [6] with two MVs located on
the diagonal running from the upper left to the lower right. Following the same line of derivation, we can
obtain window functions for other template designs. Some results are given in Fig. 3. In particular,
asymmetric-like motion partitions [6][7] result when the template region locates directly to the left or above
a target block (See Fig. 3 (a) and (b)). Two conceptual differences however are to be noted. First, unlike
explicit geometry or asymmetric partitions, these implicit “soft” partitions incur less motion overhead (only

one MV is to be signaled). Second, there is a strong interdependency between the transmitted and inferred
MVs due to OBMC (cf. (5)).
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4. EXTENSIONWITH MOTION MERGING

Recognizing that performing template matching not only increases the decoding complexity but also
complicates the pipeline design of the decoder, we additionally propose a low-complexity and TMPfree
implementation. This is accomplished by replacing the template MV v; by one of those decoded MVs from
neighboring partitions (cf. Fig. 4). In this way, the need to perform TMP is waived at the cost of extra bits.
To minimize the overhead, we adopt the same signaling mechanism as for motion merging [11]. When
enabled, it sends one flag to indicate the choice of the first available neighboring partition, to the left or
above the current one, of which its motion parameters are reused as v;. Depending on the inference direction,
a separate window function is applied for OBMC. For example, in Fig. 4, if v; is deduced from v;
(respectively, vy), the window created for the Rect-T (respectively, Rect-L) template is selected. In other
cases where v1 and v, are identical, the one for the InvL template is used instead. Essentially, we treat v,
and v, as if they were the pixel true motion associated with the corresponding template centroids. Because
these assumptions may not always hold true, we let the encoder to switch adaptively between this proposed
mode and the usual inter mode.

5. EXPERIMENTS

Based on the proposed scheme (referred hereafter to as TB-mode), we develop three algorithms featuring
different performance and complexity trade-offs. Extensive experiments are carried out using the
TMuC-0.9_HM software [4] and the common test conditions [2] to compare their BD-rate savings relative
to anchor encodings with TB-mode disabled. Rough estimates of their complexity characteristics are made
by showing the encoding and decoding time ratios relative to anchor settings. All three algorithms use
parametric window functions. Weighting coefficients are rounded offline into 16-bit integers and stored in
tables for reducing computational complexity. The following summarizes these algorithms:

« Algo. #1 applies TB-mode to 2Nx2N prediction units (PUs)? only. The v is found by performing
shape-adaptive template matching in a search range of MVpx8 pixels. For each 2Nx2N PU, one flag
is sent to switch adaptively between TBmode and the usual inter mode. When the former is chosen, it
codes two extra bits (at most) to specify the template shape (InvL, Rect-T or Rect-L). A separate set
of window functions are designed for each distinct 2Nx2N PU size.

» Algo. #2 simplifies Algo. #1 by signaling v; with motion merging mechanism (See Section 4).

» Algo. #3 extends Algo. #2 to all PU sizes (2Nx2N, 2NxN, Nx2N, NxN). However, the flag
indicating TB-mode is sent at coding unit (CU) level—i.e., all PUs in a CUmust be coded either in
TB-mode or in the usual inter mode. When TB-mode is in use, each of its PU needs one more flag to
signal how v s derived and thus which window function to apply.

5.1. Compression Performance and Complexity

Table 1 presents the average BD-rate savings of these algorithms in different test classes and configurations.
As can be seen, Algo. #1 has an average BD-rate (Y) saving of 1.3% over all test cases, with a minimum of
0.2% and a maximum of 3.4%. Due to the extra computations needed for template matching, it doubles the
decoding time while increasing the encoding time by about 70%.

Algo. #2 gives better coding performance at a much faster decoding speed than Algo. #1. Averagely, it
performs 0.1% better in terms of BD-rate saving (Avg:1.4%; Min: 0.0%; Max: 3.3%) with an average
decoding time only 4% slightly longer than anchors’. In tests with High Efficiency configurations, its

8



decoder can run even a bit faster. As expected, without having to perform template matching, its decoding
complexity drops significantly. But, somehow surprisingly, the v; signaled by motion merging seems to
outperform that inferred by template matching. The reason may be twofold. First, the motion merging
signaling mechanism incurs less overhead: while it needs only one extra bit to signal v, Algo. #1 requires,
on average, more than one bit to indicate the template shape. Second, template matching may result in poor
Vi due to coding noise. Recall that its search criterion is to minimize the error over the reconstructed pixels.
Nevertheless, we believe Algo. #1 has plenty of room for further improvement.

Algo. #3 delivers the best compression performance, with an average BD-rate saving of 2.2% and a
maximum saving up to 4.7%. This is attributed to the PU-adaptive window selection. But also because of
this feature, the encoder has to perform, for each PU, one extra motion search to evaluate TB-mode, which
accounts for the doubled encoding time. By contrast, the increase in decoding time relative to Algo. #2 is
minor.

Table 1. BD-rate savings and processing time ratios
Random Access | High Efficiency Low Complexity

Algo. #1 #2 #3 #1  #2  #3
Class A -13 -13 -19| -11 -15 -24
Class B -10 -11 -16| -08 -11 -16
Class C -15 -15 -23| -12 -15 -24
Class D -14 -16 -25| -09 -13 -22

All -13 -14 -21| -10 -13 -21

Enc. Time [%] | 171 126 208 202 142 263
Dec. Time [%] | 179 95 99 230 114 123
Low Delay High Efficiency Low Complexity

Algo. #1 #2 #3 #1  #2 #3
Class B -15 -15 -21| -10 -08 -14
Class C -19 -18 -27| -10 -10 -138
Class D -15 -18 -28| -09 -10 -16
Class E -29 31 -43| -17 -17 -26

All -19 -19 -28| -11 -11 -18

Enc. Time [%] | 145 116 172 | 163 127 203
Dec. Time [%] | 182 97 100 223 111 121

Table 2. Comparison of table sizes.

Algo. | PU Shape | Template Shape | Table Size
#1 2Nx2N InvL 5.6 Kbytes
#2 2Nx2N InvL, Rect-T/-L | 11.0 Kbytes
#3 | All PU shapes | InvL, Rect-T/-L | 19.2 Kbytes

“CU, the basic compression unit as the MB in AVC, can have various sizes but is restricted to be a square shape. PUs are the
various MB partitions having a square or rectangular shape with several sizes.

9



5.2. Mode Distribution

Fig. 5 charts the mode distributions of different schemes, including the anchor. The percentage of a
prediction mode is segmented into several bars according to the CU size; the length of each bar represents its
average spatial coverage (in units of pixels) in CUs of some specific size. From the figure, two observations
can be made. First, when Skip and Merge modes are excluded, TB-mode tends to dominate over other inter
modes, especially in Algo. #2 and #3. This confirms its effectiveness in providing similar or better
prediction efficiency with less overhead. Second, the percentage of Merge mode drops moderately when
TB-mode is enabled, which implies that a considerable number of PUs can benefit from motion refinement.
Besides, we also observe that TB-mode increases a bit the use of larger CUs.

6. CONCLUSION

Summarizing, in this report, we propose a bi-prediction scheme, which combines MVs found by template
and block matchings with an optimized OBMC window function. Since the template MV is inferred on the
decoder side, it has only to signal one block MV. This notion is further generalized by incorporating
adaptive motion merging to allow a template-matching-free implementation. Three algorithms featuring
different performance and complexity tradeoffs are presented; they all show moderate coding gains. The
best of them produces an effect similar to performing partial motion merging for geometry/asymmetric
motion partitions.
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The present invention discloses a frame prediction system and a prediction method
thereof. An initializing module initializes a first image block having a plurality of pixels.
A providing module provides a first centroid and a first motion vector of a second image
block. The location lookup module finds a location according to the first centroid, and
generates a first weight and a second weight respectively according to a relationship
between each of the pixels, the first centroid and the location. A vector lookup module
finds a second motion vector, which gives a minimum pixel intensity error for the
plurality of pixels in the first image block according to the first centroid, the first motion
vector, the location, the first weight and the second weight. A processing module
sequentially calculates a plurality of predictive intensity values according to the motion
vectors and the weights.
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