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ABSTRACT

Quadtree-based block partitioning together with motion-
compensated prediction has proven to be an efficient ap-
proach in video compression. However, when dealing with
spatially neighboring blocks in uniformly displaced regions,
quadtree-based partitioning may lead to redundant sets of
transmitted motion parameters. This paper proposes and de-
scribes a simple but efficient block merging algorithm that
aims at removing those redundancies by using only a single
parameter set for a whole motion-compensated region of con-
tiguous blocks. Simulation results show that our proposed
merging technique works more efficiently than the concep-
tually similar direct mode as, e.g., specified in H.264/AVC.
Due its efficiency and simplicity, our proposed merging ap-
proach has been adopted into the first test model of the high
efficiency video coding (HEVC) standardization project, as
currently pursued by ITU-T VCEG and ISO/IEC MPEG.

Index Terms— motion compensation, quadtree partition,
block merging, H.265, HEVC

1. INTRODUCTION

In image and video coding, pictures and their correspond-
ing sets of sample arrays are usually decomposed into blocks
such that each block is associated with a particular set of cod-
ing parameters. In H.264/AVC [1], e.g., each block is either
spatially or temporally predicted and the resulting prediction
residual is represented by using transform coding. Tempo-
ral or inter-picture prediction typically uses samples of one or
two displaced blocks in previously decoded and reconstructed
reference pictures for the samples of a given picture block.
The motion vectors corresponding to these displacements are
typically coded in a differential way by using an appropriately
specified motion-vector predictor. Thus, without any further
provision, one or two sets of motion parameters have to be
signaled for each inter-predicted block as motion information
with each set consisting of a motion-vector difference and an
index specifying the corresponding reference picture.

In H.264/AVC, macroblocks or sub-macroblocks of bi-
predictively coded areas can also be coded in so-called direct
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mode without the need of transmitting any additional motion
information [1, 2]. The direct mode infers the motion in-
formation for prediction from previously decoded blocks. In
addition, if no prediction residual signal is transmitted for a
direct-coded macroblock, it is also referred to as skipped, and
skipped macroblocks can be indicated very efficiently as for
the skip mode in H.264/AVC.

In the present paper, we introduce a coding tool called
block merging which is conceptually similar to the direct
mode of H.264/AVC. Block merging has been designed
as part of a novel quadtree-based video coding approach
[3, 4]. It exploits the spatial redundancy of motion informa-
tion in neighboring blocks belonging to potentially different
branches and levels in the quadtree hierarchy and it operates
in a way that is conceptually similar to what has already been
introduced in previous related publications [5, 6, 7].

The presented block merging algorithm has been first in-
troduced as a feature of the Fraunhofer HHI response [3] to
the joint Call for Proposals (CfP) on high efficiency video
coding (HEVC) technology that was issued by ITU-T VCEG
and ISO/IEC MPEGQG [8]. The intention of the CfP was to iden-
tify video coding technology with substantially higher com-
pression capabilities than the existing H.264/AVC standard.

The rest of the paper is organized as follows. The next
section briefly introduces the HHI proposal for HEVC, also
called HHI video codec in the sequel. Section 3 deals with
quadtree based partitioning and its drawbacks. The proposed
block merging algorithm is described in detail in Section 4.
Conducted experiments and their results are presented in Sec-
tions 5 and 6. Section 7 concludes this paper.

2. OVERVIEW OF THE HHI VIDEO CODEC

The HHI video codec is based on the hybrid video coding
approach using temporal and spatial prediction followed by
transform coding of the residual and entropy coding [3, 4].
In this video codec, the size of the prediction blocks can be
adaptively chosen by using a quadtree-based partitioning. The
block size used for DCT-based coding of the residual signal is
also derived by using quadtree-based partitioning of the cor-
responding prediction block. The concept of a macroblock
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as the basic processing unit in standardized video coding [1]
is generalized to what is called a coding tree block (CTB).
Fig. 1(a) shows an example of a coding tree block for luma
samples (solid bold outline) and how it is subdivided into
prediction blocks (solid lines) and transforms blocks (dashed
lines). In Fig. 1(b), the corresponding quadtree structure for
CTB partitioning is shown. Each node of the so-called pre-
diction quadtree, as shown in solid lines in the example of
Fig. 1(b), which corresponds to a prediction block and its re-
lated residual signal, can be further split into transform blocks
of smaller size than the given prediction block size. In the ex-
ample of Fig. 1, this is illustrated by the dashed blocks and
the corresponding dashed nested residual quadtrees.

Block merging, as further described below, enables the
creation of regions composed of neighboring prediction
blocks with identical motion information. This motion infor-
mation is composed of one or two sets of a motion-vector dif-
ference and an index specifying the corresponding reference
picture. However, the dimensions of the transform blocks for
residual coding are still constrained by corresponding resid-
ual quadtree partition, independent of the merging operation.
The direct mode which is used in our simulation as a refer-
ence is similar to the spatial one specified in H.264/AVC [1].
This spatial direct mode can be applied to inter-partitions in
pictures using multi-hypothesis prediction. For these inter-
partitions, a flag is signaled indicating whether the partition
is coded in direct mode or not. Interleaved Motion Vector
Predictor IMVP), as introduced in [3, 4], interleaves the pre-
diction and coding for the components of a motion vector.
More precisely, it uses the vertical component in order to
predict its horizontal component. In the HHI video codec,
no explicit skip mode is used. However, for each leaf in the
residual quadtree, there is a flag which signals explicitly the
presence of non-vanishing residual coefficients in the corre-
sponding block. For more details of the HHI video codec, the
reader is referred to [3, 4].

3. BACKGROUND AND PROBLEM FORMULATION

The quadtree data structure provides a suitable framework in
video compression for optimizing the tradeoff between model
accuracy (e.g., given by distortion D) and model coding cost,
typically measured in bit rate R. The existence of simple tree
pruning algorithms optimizing a Lagrangian functional

D+ AxR,

allows the development of compression algorithms which
are based on quadtrees and related representations. The HHI
video codec is a quadtree-structured video coding approach
with syntax elements carrying the subdivision information
for blocks of different types. Such syntax elements may be
related to subdivision of blocks for the purpose of prediction
or transform coding, as already outlined in Section 2 above.

(b)

Fig. 1. (a) Example of coding tree block (solid bold) into pre-
diction blocks (solid) and transform blocks (dashed) of variable
size. (b) Corresponding nested quadtree structure.

However, the concept of quadtree-based image and video
coding is intrinsically tied to certain drawbacks, as analyzed
in [5]. For instance, the systematic decomposition of every
block into four child blocks does not allow to jointly represent
child blocks that belong to two different parent blocks. Also,
if a given block is divided into four child blocks, all child
blocks are typically coded separately, even if two or three of
them may share the same coding parameters.

Thus, the sub-optimal rate-distortion properties of an ini-
tial quadtree-based subdivision can be substantially improved
[5]. Block merging has been introduced in order to compen-
sate the aforementioned drawbacks by enabling the merging
of spatially neighboring blocks with identical coding param-
eters. As a consequence, block merging reduces the amount
of redundant sets of transmitted coding parameters that are
typically generated when using a quadtree-based block parti-
tioning algorithm. In our proposed block merging algorithm,
as further described below, specific syntax elements are in-
troduced and coded together with the temporal prediction pa-
rameters for each leaf node of the prediction quadtree.

Merging is particularly well-suited for regions of homoge-
neous motion that can be sufficiently described by using a sin-
gle motion parameter set. For example, a video signal often
contains large spatially adjacent regions, each having homo-
geneous motion parameters that differ significantly among the
regions. Inside each such region, the corresponding blocks
can be merged, even if the maximum allowed block size for
quadtree-based partitioning is reached.

Merging enables the creation of regions with arbitrary
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Candidates
X

Fig. 2. A quadtree segmentation with multiple blocks merged
into one region (bold line). Block S contains the prediction infor-
mation for the region. Blocks in the gray shaded region are the
candidates for block X to be merged with.

shapes. One illustrating example is shown in Fig. 2; other ex-
amples as outcome of our simulations are shown in Figs. 5-6.
Ideally, the boundary of each region should coincide with
the motion discontinuities in the given video signal. With
quadtree-based block partitioning combined with merging,
the picture can be subdivided into smaller and smaller blocks
thereby approximating the motion boundary and minimizing
the size of partitions containing the boundary. Subsequently,
each created quadtree leaf block can be merged into a region
on either side of the boundary.

4. THE PROPOSED BLOCK MERGING
ALGORITHM

In order to illustrate the operation of our proposed block
merging algorithm, Fig. 2 shows an example of a quadtree
segmentation. The purpose of block merging, as already ex-
plained, is to compensate for the disadvantages of an initial
quadtree-based subdivision by reducing the redundant sets
of transmitted coding parameters. This is achieved by creat-
ing regions composed of neighboring prediction blocks with
identical motion information. Each region must contain at
least one block that is not merged, seeding the new motion
information. In Fig. 2, block S (for seed) corresponds to
such a particular block. Block X in Fig. 2 corresponds to the
current block to be en-/decoded. All the blocks en-/decoded
before the current block along the block scanning pattern
form the set of causal blocks. Note that within each CTB,
the subblocks are traversed in depth-first order. In any case,
the block to be en-/decoded can be merged only with one
of its causal neighboring blocks. In Fig. 2, these blocks are
highlighted by the gray shaded region.

A list of candidate sets of motion information is created
using the motion information collected from these neighbor-
ing blocks. If the block X is merged with one of these can-
didates, it means that block X copies and uses the same mo-
tion information of one of its neighbors. In order to identify

this motion information in the list, an index is signaled for the
block X. The particular design of the block merging algorithm
used to obtain simulation results for this paper only uses the
motion parameter sets of the left and top neighboring blocks
as candidates. Thus, the candidate list contains at most two
entries.

The new syntax elements merge_flag and merge_index are
introduced for signalization. The binary valued merge_flag is
signaled for each motion-compensated partition block prior to
any prediction parameter. The list of merge candidates may
be empty because, e.g., no neighboring block is predicted by
using motion compensation. In this case, block X cannot
be merged and merge_flag is not transmitted. Otherwise, if
merge_flag is equal to O, the current block X is not merged
with any of its neighboring candidate blocks and motion pa-
rameters for X are signaled explicitly. If the motion informa-
tion of two different merge candidates are identical, the list of
candidate sets of motion information can be reduced. In this
way, the list of candidates of motion information is only com-
posed of motion information which are different and thus, its
size is as small as possible. If there is only one candidate in
the list, no merge_index needs to be transmitted. Otherwise,
the value of merge_index which is transmitted identifies the
position of the candidate in the reduced list and its associated
motion information which will be used for en-/decoding the
current block X.

There is a conceptual similarity between the direct mode
(of H.264/AVC) and our proposed block merging approach.
Direct mode also infers the motion information for motion-
compensated prediction (MCP) from previously decoded
blocks. Thus, both algorithms are using motion informa-
tion from neighboring blocks in order to reduce the bit rate
required for transmitting motion parameters. However, for
direct mode the motion information is derived independently
for each reference picture. This means that for each reference
picture (two in the HHI video codec), a motion predictor
needs to be calculated from neighboring blocks for the cur-
rent block to be en-/decoded. To derive a motion predictor in
direct mode, up to four motion vectors of neighboring blocks
are used, namely the above, left, above-left and above-right
neighbors. The median of these vector components is used
to calculate the motion predictor of the current block. For
direct mode in H.264/AVC, also a flag is signaled for MCP
partitions indicating whether the partition is coded in direct
mode or not [1].

Despite this similarity, the two algorithms differ in the
way they handle neighboring motion information. While the
direct mode infers motion parameters from adjacent blocks,
merging creates regions where all the blocks share the com-
plete motion information. The creation of such regions is per-
formed using only simple operations, such as comparing and
copying the complete motion information from a neighbor. In
comparison with this, the calculation of motion predictors in
direct mode requires more computational complexity. Motion
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Class Sequence BD rate CS1 [%]
Bl Kimono -38.30
(1920x1080) ParkScene -24.28
Cactus -29.22
B2 Basketball Drive -35.97
(1920x1080) BQTerrace -41.92
Basketball Drill -31.88
C BQMall -29.71
(832x480) PartyScene -28.09
RaceHorses -29.67
Basketball Pass -21.97
D BQSquare -43.96
(416x240) BlowingBubbles -23.60
RaceHorses -19.64
Average -30.63

Table 1. Average BD rate savings (percentage) of the HHI codec
relative to the H.264/AVC HP anchor at CS1 test conditions.

predictors are calculated for all reference pictures individu-
ally while using up to four neighboring blocks, where addi-
tional operations are required to calculate the mean/median
values, in case there is more than one neighboring motion
vector available.

5. SIMULATION SETTINGS AND RESULTS

The codec used for performing our experiments is the HHI
video codec as presented in section 2. The experiments were
conducted by encoding all test sequences, as defined in the
CfP [8]. Two constraint sets (CS) restricting the temporal
coding structure were defined in the CfP as follows:

e CS1: hierarchical B picture coding structure [9] with a
structural temporal delay not larger than 8 pictures,

e (CS2: hierarchical P picture coding structure without
picture reordering in the decoder.

Furthermore, the coding tree block has a fixed size of 64 x 64
pixels (for luma) and a maximum quadtree depth of 4, result-
ing in a minimum block size of 4 x 4. In order to obey CS1,
inter-prediction with up to two hypotheses is employed within
groups of 8 successive pictures in a hierarchical structure us-
ing 4 temporal layers. For CS2, inter prediction is restricted
to one hypothesis from temporally preceding reference pic-
tures. The intra period in CS1 is set depending on the number
of frames per second for each sequence, whereas in CS2, only
one intra picture at the beginning of each sequence has been
utilized. Five quantization parameter (QP) values are chosen
to obtain five RD points per sequence. The test sequences are
separated into 4 classes according to their resolution and their
content. For instance, the sequences of class E show typical
videoconferencing scenes with static background. That is also
why class E is only tested for CS2, the use case for low-delay
applications. The other classes are characterized by different

Class Sequences BDrate | BD rate
CS1[%] | CS2[%]
B1 Kimono -2.42 -2.37
(1920x1080) ParkScene -2.78 -2.88
Cactus -2.65 -2.28
B2 Basketball Drive -2.93 -2.56
(1920x1080) BQTerrace -3.45 -2.62
Basketball Drill -2.79 -2.58
C BQMall -4.80 -4.47
(832x480) PartyScene -2.22 -3.46
RaceHorses -3.08 -3.00
Basketball Pass -2.82 2,11
D BQSquare -2.41 -2.14
(416x240) BlowingBubbles -2.10 -1.98
RaceHorses -2.81 -2.51
Average -2.87 -2.70
E Vidyol n/a -4.50
(1280x720) Vidyo3 n/a -5.79
Vidyo4 n/a -4.32
Total Average -2.87 -3.10

Table 2. Averaged BD rate savings (in percentage) of the HHI
codec with block merging relative to the same codec with direct
mode (instead of block merging).

resolutions and a variety of content. With the exception of
class E, all classes are tested for both CS1 and CS2. All pre-
sented bit rate savings are measured in terms of Bjgntegaard
Delta (BD) rate [10].

First, the HHI proposal for HEVC (which incorpo-
rates block merging) has been evaluated in comparison to
H.264/AVC high profile (HP) as an anchor [8]. Table 1 shows
the bit rate savings of the HHI proposal relative to this anchor.
The average gain for CS1 is around 30%.

The efficiency of block merging has been evaluated by
comparing two versions of the HHI codec. The first version
is given by the original HHI proposal for HEVC (including
block merging), while the other version incorporates direct
mode instead of block merging, as described in Section 2.
The results of this comparison at CS1 and CS2 test conditions
with the direct mode version as a reference are listed in Table
2. It can be observed that the gains of block merging in terms
of average BD rate savings are around 3%, and that, to a large
extent, those gains are independent of resolution or sequence
type. However, there are several sequences where coding ef-
ficiency lies significantly above the average such as, e.g., all
class E sequences, as shown in Table 2. These particularly
favorable results for class E are mostly due to the static back-
ground of these sequences which can be easily represented by
using a single merged region with zero motion vector at the
corresponding block merging seed.

In Fig. 3, the RD curves of the sequence BQMall for CS1
are presented. The curves show the RD performance of three
competing schemes: the HHI codec with block merging (the
HHI proposal for HEVC), the HHI codec with direct mode,
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Fig. 3. RD performance plot comparing direct mode and block
merging in the HHI video codec as well as H.264/AVC HP by
using the test sequence BQMall at CS1 test conditions.

and the H.264/AVC HP anchor scheme. For BQMall, the av-
erage BD rate saving gain of the HHI proposal relative to
H.264/AVC HP is 29.7%. The average gain relative to the
HHI codec with direct mode is 4.8% BD rate savings, where
the individual gains for the different rate points are distributed
more or less uniformly, which has also been observed for all
other sequences.

Fig. 4 compares the percentage of picture samples cov-
ered by MCP blocks using direct mode with that using block
merging. The curves were obtained by encoding the BQMall
sequence at different QP values using both versions of the
HHI codec. As can be seen from Fig. 4, the percentage of
coverage for direct mode in comparison with that for block
merging is much smaller. This behavior was consistently ob-
served for the entire test set of sequences, which is an indi-
cation for block merging being selected more often due to its
more favorable RD cost. Also, it can be observed that with
larger QP values, the coverage increases for either method,
although more distinctively for the case of block merging.

6. ILLUSTRATION OF THE RESULTS OBTAINED
WITH BLOCK MERGING

In the following, details of encoded frames are further an-
alyzed to demonstrate the motion modeling capabilities of
block merging. In Figs. 5 and 6, white lines separate merged
regions and grey lines indicate MCP leaf blocks of CTBs.
Fig. 5 shows a detail from a picture belonging to the BQ-
Mall sequence. In this part of the sequence, the background is
static and only people in the foreground are moving. As can
be seen from Fig. 5, the boundaries of the merged regions are
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Fig. 4. Percentage coverage of MCP blocks using the direct
mode and MCP blocks using block merging, both depending on
the QP by using the sequence BQMall at CS1 test conditions.

clearly separating the moving persons from the static back-
ground.

Fig. 6 shows that block merging is effective also for more
complex sequences. The corresponding Parkscene sequence
was shot with a panning camera in front of a scene consist-
ing of a park in the background and some tree branches in
the foreground. The figure reveals distinct ’object planes’ in
the picture, all of which are moving differently such that each
plane can be identified by a different set of block merging
regions in Fig. 6. The tree branches correspond to the fore-
ground, the colonnade belongs to a second plane, and the rest
of the park can be attributed to the background.

As in the two examples examined above, natural video
signals very often contain distinct moving objects, each with
a different kind of motion. At the boundary of such objects,
the field of motion parameters can be expected to exhibit very
abrupt changes. These motion discontinuities can be mod-
eled very efficiently by block merging, as it selects exactly
one of the neighboring blocks to infer the motion information
for the current block, leaving other candidates aside. In con-
trast to that, direct mode uses up to four spatially neighbor-
ing blocks to calculate an intermediate motion representation
which, in the presence of distinct moving objects, may not be
adequately representing the real motion in a given scene.

7. CONCLUSION AND FUTURE WORK

In this paper, block merging together with a quadtree-based
block partitioning concept has been presented as an alter-
native to the conceptually similar direct mode for motion-
compensated prediction. Simulation results show that the
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Fig. 5. Detail of sequence BQMall in Class C with a static back-
ground and moving persons in the foreground.

Fig. 6. Detail of sequence Parkscene in Class B with tree
branches in the foreground and colonnades at the lower picture
boundary, captured by a panning camera.

proposed merging algorithm better exploits spatiotemporal
correlations in motion model parameters. Averaged BD rate
savings of around 3% for a whole test set of video sequences
have been achieved in comparison to the direct mode. Block
merging not only yields better RD coding performance than
the traditional direct mode, but also offers a computationally
less demanding algorithm. These benefits were crucial for the
proposed block merging algorithm to be adopted as part of the
working draft of HEVC [11] which has been currently issued
by the Joint Collaborative Team on Video Coding (JCT-VC).
Further aspects of block merging within the HEVC test model
are currently under investigation and further study [12].
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