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Abstract

This document investigates the impact on coding efficiency when the symmetric rectangular block modes (2NxN and Nx2N) are removed from the syntax and replaced by corresponding merge flags. For the same encoder complexity (given an algorithmic comparison and verified by the measurement of encoding times), an average increase in BD rate of 0.13 % has been measured for a removal of the symmetric rectangular blocks. A version with lower encoding complexity (the average encoding time is 78 % of that for the reference) yields in increase in BD rate of 0.8 %. If the encoder complexity is increased in comparison to the reference (the measured average encoding time is 144 % of that for the reference), an average decrease in BD rate of 0.06 % has been measured.
Introduction
The current TMuC includes various inter partitioning patterns as well as the concept of merging for inter‑coded blocks (on a prediction block basis). In tool experiment 12 (TE 12), it has been shown in JCTVC-C109 [5] that the enabling of inter block merging generally improves the coding efficiency of the TMuC for all test configurations. Conceptionally, it is also possible to represent the various inter partitioning patterns using only a simple quadtree-based splitting and the merging approach. In particular, the 2NxN and Nx2N shapes can be represented using 4 NxN partitions with corresponding merging flags. Furthermore, the concept of inter partition merging offers a much wider range of possibilities for partitioning a picture for motion representation than only using inter partitioning patterns.
In this contribution, we investigated the impact on coding efficiency when disabling the (symmetric) rectangular inter partitioning modes 2NxN and Nx2N (the asymmetric inter partitioning modes are still enabled). It should be noted that a simple disabling of these modes decreases the encoding complexity, since motion estimation and mode decision (residual coding) are done for less blocks. By allowing about the same encoder complexity as with the 2NxN and Nx2N modes, it is possible to fully evaluate different configurations of the merging flags. We tested different versions for disabling 2NxN and Nx2N modes that are characterized by a different amount of encoding operations; the bitstream syntax and decoding complexity are the same for all versions.
Test setup
The reported experiments are based on the TMuC software version 0.8-hhi-bugfix [1]. This configuration includes all symmetric and asymmetric inter partitioning modes, SKIP and DIRECT modes, and prediction unit based merging. In order to avoid the "simulation" of different inter partitioning modes by a combination of another inter partitioning mode and corresponding merging flags, this software version contains a suitable conditions for the transmitting of merge flags. According to the TE 12 report JCTVC‑C109 [5], this software version provides the best known configuration of inter partitioning, SKIP/DIRECT configuration, and merging with respect to the coding efficiency. That's why this version has been selected as reference.
The following versions/modifications have been tested:
Reference: An unmodified version of the TMuC software 0.8-hhi-bugfix [1].
Version 1: A version of the TMuC software 0.8-hhi-bugfix [1], in which the 2NxN and Nx2N blocks have been disabled. Hence, for each coding unit (CU), only the asymmetric partitionings, the 2Nx2N mode (no splitting), and the NxN mode (splitting in four quadratic partitions) are supported for inter coding beside the SKIP and DIRECT mode. Furthermore, the condition for the transmission of the merge flags for NxN partitions was modified (since 2NxN and Nx2N blocks are not supported, it is not desirable to avoid the representation of 2NxN and Nx2N modes using a partitioning into NxN blocks and corresponding merging flags). In comparison to the reference, the operations for motion estimation and mode decision are reduced by about 25 %. The measured average encoding time is about 78 % of the measured average encoding time for the references (see below), which verifies this claim.

Version 2: A version that uses the same bitstream syntax and decoding process as version 1, but includes additional encoding operations to fully evaluate some configurations of the merge flags for NxN partitionings. The operations that are applied for motion estimation and mode decision are about the same as for the reference. The measured encoding times are also about the same as for the reference (the average deviation is less than 1 %), which verifies this claim.

The encoding process for NxN partitionings can be summarized as follows.

· Motion estimation is done as for conventional 2NxN, Nx2N, and NxN blocks (top row of Figure 1). Hence, this version requires the same amount of motion estimation operations as the reference.
· For each NxN block i of the three conventional modes a residual coding is done, which includes the determination of transform coefficient levels, the calculation of the distortion Di, and the estimation of the rate for transform coefficients Ri. In total, the residual coding is done for 12 NxN blocks, which is the same amount as in the reference (for the 2NxN, Nx2N, and NxN partitionings).

· For each of the 7 block shapes, the rate RMOT of the side information for transmitting the merge flags and motion parameters (inter direction (L0/L1/Bi), reference indices, motion predictor indications, adaptive motion vector resolution flags, and motion vector differences) is estimated. The involved encoding complexity can be neglected in comparison to motion estimation and residual coding. Based on this side information rate and the previously calculated distortions Di and Ri for the NxN blocks, the Lagrangian cost measure is determined according to
J = D0 + D1 + D2 + D3 + λ·(RMOT + R0 + R1 + R2 + R3)
It should be again noted that the distortion and rate for residual coding (Di and Ri) are only determined for the 3 conventional modes (top row in Figure 1). For the blocks of the additional modes (bottom row in Figure 1), the determined motion vectors and transform coefficient levels of the corresponding blocks for the conventional modes are used without any modification.
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Figure 1: Inter-partitionings represented by NxN blocks and corresponding merge flags.
Version 3: A version that uses the same bitstream syntax and decoding process as versions 1 and 2, but includes additional encoding operations in order to fully evaluate the seven patterns shown in Figure 1. In comparison to the reference, the operations for motion estimation and mode decision are increase by about 50 %, since 12 instead of 8 block partitionings (without SKIP and DIRECT) are fully evaluated for each coding unit. The measured encoding times are increased by about 44 % (on average) compared to the reference, which verifies this claim.

The encoding process for NxN partitionings can be summarized as follows.

· The entire process of motion estimation and mode decision (as done for all partitionings in the reference) is also done for all seven block shapes shown in Figure 1
Software and test runs
The described modifications have been implemented into the TMuC version 0.8-hhi-bugfix [1]. The actual software used for the experiments is provided with this contribution. The following compiler flags have been added (in TypeDef.h) in order enable/disable the modifications described above.
NO_RECTANGULAR_BLOCKS
IMPROVED_INTER_CU_MERGE_EST
EXTREME_INTER_CU_MERGE_EST
The above described configurations are obtained by setting the compiler flags as follows:
Reference:

#define NO_RECTANGULAR_BLOCKS            0
#define IMPROVED_INTER_CU_MERGE_EST      0
#define EXTREME_INTER_CU_MERGE_EST       0

Version 1 (disabling of 2NxN and Nx2N block with lower encoding complexity than the reference):

#define NO_RECTANGULAR_BLOCKS            1
#define IMPROVED_INTER_CU_MERGE_EST      0
#define EXTREME_INTER_CU_MERGE_EST       0

Version 2 (disabling of 2NxN and Nx2N block with the same encoding complexity than the reference):

#define NO_RECTANGULAR_BLOCKS            1
#define IMPROVED_INTER_CU_MERGE_EST      1
#define EXTREME_INTER_CU_MERGE_EST       0

Version 3 (disabling of 2NxN and Nx2N block with higher encoding complexity than the reference):

#define NO_RECTANGULAR_BLOCKS            1
#define IMPROVED_INTER_CU_MERGE_EST      1
#define EXTREME_INTER_CU_MERGE_EST       1
The binaries were compiled on a 64 bit Ubuntu 9.04 Linux using the included make files and gcc 4.3.3. The coding conditions specified in JCTVC-B300 [2] were used for all simulations. The only exception is that we coded only 50 frames instead of the entire sequences. We plan to provide results for the entire sequences during the meeting.

Results

The measured BD rates [3]

 REF _Ref132360435 \r \h 
[4] (positive BD rates indicate average increases in bit rate) and relative encoding times (with respect to the reference) for the test configurations are summarized in Table 1 and Table 2, respectively. The average decoding times are virtually the same as for the reference. Detailed data including bit rate, PSNR, encoding time, and decoding times for all test runs are contained in the accompanied Excel documents.
Table 1: BD rates for the simulations with 50 frames

	BD rates
	Version 1: 

low complexity NxN merging
	Version 2: 

standard complexity NxN merging
	Version 3: 

high complexity NxN merging

	High delay
	High Efficiency
	+0.92 %
	+0.13 %
	−0.08 %

	
	Low Complexity
	+0.86 %
	−0.00 %
	−0.18 %

	Low delay
	High Efficiency
	+0.79 %
	+0.27 %
	+0.06 %

	
	Low Complexity
	+0.61 %
	+0.13 %
	−0.02 %

	average over test cases
	+0.80 %
	+0.13 %
	−0.06 %


Table 2: Relative encoding times (with respect to the reference) for the simulations with 50 frames

	BD rates
	Version 1: 

low complexity NxN merging
	Version 2: 

standard complexity NxN merging
	Version 3: 

high complexity NxN merging

	High delay
	High Efficiency
	77 %
	102 %
	148 %

	
	Low Complexity
	77 %
	97 %
	134 %

	Low delay
	High Efficiency
	76 %
	104 %
	147 %

	
	Low Complexity
	81 %
	101 %
	148 %

	average over test cases
	78 %
	101 %
	144 %


Conclusion

The simulation results indicate that the symmetric rectangular blocks (2NxN and Nx2N partitions) are not required as a feature of the bitstream syntax and can be efficiently represented using the merging concept. If the same encoder complexity is used for the configurations with and without symmetric rectangular blocks, virtually the same coding efficiency is obtained. For an encoder version with lower complexity as the reference, the merging concept without 2NxN and Nx2N blocks yields an increase in bit rate of less than 1 % as the reference, which includes the 2NxN and Nx2N blocks. Since the concept of merging allows more options for partitioning a picture for motion representation, the coding efficiency can be further improved by testing more configurations at the encoder side.
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