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Abstract

Two modifications for increasing the precision of bi-directional prediction and DCT transform, when IBDI mode is not used, are proposed. The average BD rate reduction is 2.58% for IPPP configuration and 1.36% for hierarchical-B configuration. The results are obtained using TMuC 0.2. 
1 Bidirectional Averaging
Bi-directional prediction averaging in TMuC is performed using bilinear interpolation with upward rounding. To reduce the effect of error accumulation, when IBDI mode is not used, we propose to signal to the decoder whether upward or downward rounding should be used for a given slice. Same solution was applied in JMKTA [1]. The results are presented for:

· Hierarchical-B coding structure. The encoder decides on upward or downward rounding as described in [2].
· IPP coding structure with GPB mode enabled (multi-hypothesis coding). Rounding up is used for the even-numbered frames and rounding down for the odd-numbered frames.
2 DCT Implementation 
While conducting experiments on rounding controls, we observed that there was a larger than expected gap in performance between the IBDI-on and IBDI-off cases. Upon further investigation, we narrowed the problem to the implementation of the transforms in TMuC. The TMuC software uses Chen’s fast factorization algorithm to implement transforms up to size 64×64. These transforms use butterfly structures that have divisions by powers of 2 (e.g. 1024 for 64×64). This leads to loss of bit precision, resulting in greater round-off errors for the IBDI-off case. For some butterfly structures, it may be possible to move the divisions to the extreme right in the butterfly structure. But this can result in increased dynamic range requirements and unbalanced scaled transforms. To fix this problem, we shifted the input coefficients to the left by a constant and the resulting transform coefficients to the right by the same constant. This may be thought of as a localized bit-depth increase. Transforms of different sizes usually require different bit-shifts. The coding efficiency improvements due to this fix are presented in the next section. 
3 Simulation Results

The proposed modifications were implemented in TMuC 0.2 software and the results are presented in Tables 1 and 2. For information purposes, we also report results when IBDI mode is enabled. Used configuration files are included in the submission. 
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Table 1. Rate Reduction [%] due to DCT fix and Adaptive Rounding for IPPP+GPB configuration
	
	     IBDI off
	IBDI on
	IBDI off, 

DCT Fix
	IBDI off, DCT Fix & Adaptive Rounding 

	WQVGA
	RaceHorses
	-1.88
	-0.38
	-0.50

	
	Basketball
	-2.29
	-0.90
	-1.21

	
	PartyScene
	-2.18
	-0.11
	-0.88

	
	BQSquare
	-2.51
	-0.18
	-1.67

	
	WQVGA_AVG
	-2.22
	-0.39
	-1.07

	WVGA
	RaceHorses
	-2.54
	-0.79
	-1.01

	
	Basketball
	-4.51
	-1.29
	-1.79

	
	PartyScene
	-2.14
	-0.40
	-1.11

	
	BQSquare
	-4.52
	 -0.96
	-1.60 

	
	WVGA_AVG
	-3.43
	-0.86
	-1.38

	720p
	Vidyo1
	 -11.84
	-1.85
	-5.16

	
	Vidyo3
	 -12.26
	-1.07
	-6.56

	
	Vidyo4
	 -12.80
	-2.03
	-6.15

	
	720p_AVG
	-12.30
	-1.65
	-5.96

	1080p
	ParkScene
	 -4.11
	-0.94 
	 -1.31

	
	Kimono
	 -4.79
	 -3.22
	 -3.29

	
	Basketball
	 -7.01
	 -3.39
	 -4.00

	
	Cactus
	 -4.64
	 -1.75
	 -2.42

	
	BQSquare
	 -5.91
	 -0.93
	 -2.66

	
	1080p_AVG
	-5.29
	-2.05
	-2.74

	
	AVG
	-5.37
	-1.26
	-2.58


Table 2. Rate Reduction [%] due to DCT fix and Adaptive Rounding for hierarchical-B configuration
	 
	IBDI off
	IBDI on
	IBDI off, 

DCT Fix
	IBDI off, DCT Fix & Adaptive Rounding 

	WQVGA
	RaceHorses
	 -1.04
	-0.29
	-0.49

	
	Basketball
	 -1.37
	-0.50
	-0.69

	
	PartyScene
	 -1.65
	-0.35
	-0.42

	
	BQSquare
	 -2.28
	-0.39
	-0.73

	
	WQVGA_AVG
	-1.59
	-0.38
	-0.58

	WVGA
	RaceHorses
	 -1.55
	-0.54
	-0.65

	
	Basketball
	 -3.42
	-1.10
	-1.09

	
	PartyScene
	 -1.72
	-0.32
	-0.60

	
	BQSquare
	 -2.60
	-0.55
	-0.73

	
	WVGA_AVG
	-2.32
	-0.63
	-0.77

	720p
	Vidyo1
	 -8.38
	-1.89
	-3.21

	
	Vidyo3
	 -6.89
	-1.24
	-1.78

	
	Vidyo4
	 -7.76
	-1.72
	-2.62

	
	720p_AVG
	-7.68
	-1.62
	-2.54

	1080p
	ParkScene
	 -3.00
	 -0.68
	 -0.87

	
	Kimono
	 -3.82
	 -2.49
	 -2.47

	
	Basketball
	 -4.78
	 -2.54
	 -2.58

	
	Cactus
	 -3.22
	 -1.07
	 -1.20

	
	BQSquare
	 -4.74
	 -0.86
	 -1.64

	
	1080p_AVG
	-3.91
	-1.53
	-1.75

	 
	AVG
	-3.64
	-1.03
	-1.36
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