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Abstract
At the last meeting, an adaptive intra mode bit skip was proposed for improving intra coding performance. The proposed method showed the average bit saving of 2.5% under the common test conditions. In particular, the proposed method achieves 4.26% bit saving at low bit-rate. Moreover, it reduced the encoding time about 28% and 45% at QP=27 and QP=32, respectively. The purpose of this contribution is to provide more simulation results for various coding conditions. As a reference, the proposed method can be used with the MDDT (Mode-Dependent Directional Transform) adopted into KTA software for intra coding. In the experimental results, the MDDT shows the average bit saving of 4.1%, and the average bit saving of 6.1% is achieved if the MDDT and the proposed method are combined.
Introduction

Intra4×4 mode provides nine directional prediction modes for every 4×4 block. These nine directional prediction modes provide good coding efficiency compared with the use of DC only mode. However, for each 4×4 block, 1 or 4 bits are required for indicating intra mode bit(s) in the encoder and decoder side when Baseline profile is used. Therefore, 16 ~ 64 bits for each intra4×4 MB are required to represent intra mode bits. To reduce this burden, a new method is proposed.
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	(a) Boundary pixels and inside the pixels for Intra4×4 prediction.
	(b) Nine directional prediction modes for Intra4×4 prediction


Fig. 1: Intra4x4 block and its directional prediction
Adaptive Intra mode bits skip in intra coding
1. Intra4×4 Mode

The pixels in the 4×4 block shown in small letters (a~p) and thirteen block boundary pixels shown in capital letters (A~M) are shown in Fig. 1(a), and the eight directions for Intra4×4 pixel predictions are shown in Fig. 1(b), where DC prediction (mode 2) that uses the average value of eight boundary pixels as the predictor is not shown in Fig. 1(b).

Fig. 2 shows that all block boundary pixels for Intra4×4 prediction have the same value N. In this case, the prediction values of nine directional prediction modes are same so that the 4×4 residual values using all prediction modes are always same independent of all prediction modes. Therefore, it is not needed to use nine directional prediction modes in that situation, i.e. only one prediction mode is needed. 

From the above fact, we can reach the following conclusion. If all block boundary prediction pixel values are not same but those are quite similar, the nine directional prediction modes are not needed because all prediction modes result in the similar 4×4 residual values. In this case, only DC mode can be used for prediction so that the prediction mode bit can be skipped in the proposed method.
[image: image2.jpg]



Fig. 2: In case that the adjacent pixels for prediction have the same value N
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Fig. 3: The flowchart of the proposed method

The flowchart of the proposed method is shown in Fig. 3. In Intra4×4 mode, each 4×4 block is classified into single prediction block with intra mode bit skip or multiple prediction block as in H.264. Variance σp and threshold value Th are used for decision. If σp is less than Th, the current block is decided to single prediction block that does not need intra mode bit. Otherwise, the block is decided to multiple prediction block. σp is calculated as eq. (1).
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	(1)


where μ is the mean value of the block boundary pixels (A, B, C, D, I, J, K and L), and uk is the pixel values of the upper block boundary (A, B, C, D) and lk is the pixel values of the left block boundary (I, J, K, L) on the current block in Fig. 1(a). And 
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 is truncation operation to make integer value. Threshold Th is calculated in eq. (2) adaptively depending on each QP value.  And Th can be precalculated and stored as table to reduce the number of operations.
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If the current block is decided to single prediction block, only DC mode is used to predict intra4×4 residuals in the encoder and decoder. Therefore, prediction mode bit(s) that requires 1 or 4bits for each 4×4 block is not needed for single prediction block. On the other hand, if the block is decided to multiple prediction block, all nine directional prediction modes are used and one of them is selected through RDO (Rate-Distortion Optimization) in H.264. In conclusion, the prediction mode bit(s) is needed for the only multiple prediction block. For multiple prediction block, the prediction mode numbers are reordered as shown Table 1. Vertical and Horizontal prediction mode numbers are not changed. However, DC prediction mode number is changed to number 8. And all other prediction mode numbers are decreased by one due to the change of DC prediction number. The reason of this reordering is that probability of DC mode is very low at multiple prediction block because most of DC block modes selected as DC mode through RDO in encoder are decided to single prediction block. 
Table 1: Prediction Mode Reordering for Multiple Prediction Block

	Prediction Mode Number
	H.264
	Proposed Method

	
	
	Single Prediction Block
	Multiple Prediction Block

	0
	Vertical
	-
	Vertical

	1
	Horizontal
	-
	Horizontal

	2
	DC
	-
	Diagonal Down Left

	3
	Diagonal Down Left
	-
	Diagonal Down Right

	4
	Diagonal Down Right
	-
	Vertical Right

	5
	Vertical Right
	-
	Horizontal Down

	6
	Horizontal Down
	-
	Vertical Left

	7
	Vertical Left
	-
	Horizontal Up

	8
	Horizontal Up
	-
	DC


Finally, to implement the proposed method into H.264, bitstream format on Intra4×4 mode is changed as shown in Fig. 4(b), in which the bits indicating Intra prediction modes is followed by CBP & Coefficients bits in the bitstream as shown in Fig 4(b). Once an MB is decided as Intra4×4 block, Intra prediction modes in Fig. 4(a) contain sixteen Intra prediction modes bits for indicating the intra prediction modes of each sixteen 4×4 block in H.264. However, since the prediction mode is required only for multiple prediction blocks in the proposed method, the number of bits for Intra prediction modes of each Intra4×4 block is decided by Fig. 3. The main reason for changing the bitstream format like Fig. 4(b) is because the decoder cannot distinguish the proposed Intra prediction modes bits and CBP & Coefficients bits in Fig. 4(a). In order to solve the problem, CBP & Coefficients bits precede Intra prediction modes as shown in Fig. 4(b).
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Fig. 4: Intra4×4 mode bitstream: (a) H.264, (b) Proposed method

The proposed method can be applied to Intra8×8 mode in the similar way. 
2. Chroma Intra Mode
The proposed method is also applied to Chroma Intra Mode using similar way to that of Intra4×4 mode. However, 8×8 block size is used for prediction in Chroma Intra Mode. Therefore, eq. (1) was modified into eq. (3). 
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In the eq. (3), μ, uk, and lk have the same meaning as those of eq. (1). And eq. (1) and eq. (3) can be generalized as eq. (4). 
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In eq. (4), N and M are the number of pixels of the upper and left block boundaries on the current block, respectively.

The value of σp is independently calculated from each Chroma component (U, V). The current Chroma U and V blocks are classified as single prediction blocks only if both the U and V blocks are classified as single prediction blocks.
Experimental results
To verify the efficiency of the proposed method, the experiments are performed on the reference software KTA 1.9r1 [1] under the common test conditions on VCEG-AH10r3 [2]. All frames were coded as intra. Average BD-Rate (Bit, Bit high, Bit low) was calculated based on VCEG-AI11 [3]. Table 2 shows the coding efficiency results according to the common test conditions. It is shown that the average bit saving is 2.50% for various test sequences in Baseline profile. In particular, the proposed method achieves 4.26% bit saving at low bit-rate.
· Bit (%) : The average bit saving over the whole range

· Bit high (%) : The average bit saving at high bit-rate

· Bit low (%) : The average bit saving at low bit-rate
Table. 2: Coding efficiency results under the common test conditions

	Sequence
	Resolution
	Frame Rate
	Number of

frames
	Bit
(%)
	Bit high
(%)
	Bit low
(%)

	Container
	QCIF

(176x144)
	15
	150
	-1.42
	-0.62
	-2.48

	Foreman
	
	15
	150
	-3.36
	-1.07
	-6.41

	Silent
	
	15
	150
	-1.21
	-0.28
	-2.84

	Average coding efficiency for QCIF
	-2.00
	-0.66
	-3.91

	Paris
	CIF

(352x288)
	15
	150
	-2.96
	-1.15
	-5.53

	Foreman
	
	30
	300
	-0.52
	-0.14
	-1.04

	Mobile
	
	30
	300
	-1.07
	-0.43
	-1.95

	Tempete
	
	30
	260
	-0.81
	-0.41
	-1.38

	Average coding efficiency for CIF
	-1.34
	-0.53
	-2.48

	Bigships
	HD

(1280x720)
	60
	150
	-3.19
	-1.06
	-6.29

	City
	
	60
	150
	-1.48
	-0.30
	-3.32

	Crew
	
	60
	150
	-4.45
	-2.92
	-6.51

	Night
	
	60
	150
	-1.84
	-0.72
	-3.39

	Shuttlestart
	
	60
	150
	-4.64
	-2.59
	-7.06

	Rolling Tomato
	Full HD

(1920x1080)
	60
	60
	-5.58
	-3.52
	-7.11

	Average coding efficiency for HD
	-3.53
	-1.85
	-5.62

	Average
	-2.50
	-1.17
	-4.26


For additional information, we tested MDDT case and the combined case (the proposed method + MDDT) as shown in Table 3. The MDDT case shows the average bit saving of 4.14%. And the combined case shows the average bit saving of 6.07%. 
In addition to the above result, the MDDT case shows the average bit saving of 3.59% at low bit-rate. And the combined case shows the average bit saving of 6.97% at low bit-rate.
Table. 3: Coding efficiency results under the common test conditions with MDDT
	Sequence
	Resolution
	Frame Rate
	Number of

frames
	MDDT

 (BD-rate)
	Proposed& MDDT

(BD-rate)

	
	
	
	
	Bit

(%)
	Bit high

(%)
	Bit low

(%)
	Bit

(%)
	Bit high

(%)
	Bit low

(%)

	Container
	QCIF

(176x144)
	15
	150
	-4.73
	-4.55
	-4.92
	-6.14
	-5.27
	-7.07

	Foreman
	
	15
	150
	-5.47
	-5.87
	-4.62
	-8.10
	-6.65
	-9.87

	Silent
	
	15
	150
	-5.03
	-5.02
	-4.83
	-5.23
	-5.03
	-5.56

	Average coding efficiency for QCIF
	-5.08
	-5.14
	-4.79
	-6.49
	-5.65
	-7.50

	Paris
	CIF

(352x288)
	15
	150
	-4.30
	-4.80
	-3.43
	-6.73
	-5.64
	-8.12

	Foreman
	
	30
	300
	-4.26
	-3.50
	-4.99
	-4.42
	-3.51
	-5.40

	Mobile
	
	30
	300
	-4.60
	-4.28
	-4.83
	-5.30
	-4.47
	-6.22

	Tempete
	
	30
	260
	-4.33
	-4.25
	-4.19
	-4.80
	-4.48
	-4.98

	Average coding efficiency for CIF
	-4.37
	-4.21
	-4.36
	-5.31
	-4.53
	-6.18

	Bigships
	HD

(1280x720)
	60
	150
	-4.61
	-5.81
	-3.24
	-7.30
	-6.54
	-8.71

	City
	
	60
	150
	-4.62
	-5.62
	-3.30
	-5.61
	-5.77
	-5.72

	Crew
	
	60
	150
	-2.95
	-3.24
	-2.51
	-6.68
	-5.89
	-7.79

	Night
	
	60
	150
	-4.11
	-4.53
	-3.37
	-5.52
	-5.10
	-6.05

	Shuttlestart
	
	60
	150
	-2.96
	-3.52
	-2.39
	-6.63
	-5.59
	-7.96

	Rolling Tomato
	Full HD

(1920x1080)
	60
	60
	-1.91
	-5.56
	-0.08
	-6.49
	-5.78
	-7.14

	Average coding efficiency for HD
	-3.53
	-4.71
	-2.48
	-6.37
	-5.78
	-7.23

	Average
	-4.14
	-4.66
	-3.59
	-6.07
	-5.36
	-6.97


Table 4 shows the encoding time saving results of the proposed method compared with KTA 1.9r1. It is shown that the proposed method saves the encoding time approximately 15.4%, 27.4%, 44.6% and 58.4% at QP=22, QP=27, QP=32, QP=37, respectively. Table 5 shows the encoding time saving results of MDDT case and the combined case (the proposed method + MDDT). 
When the MDDT is used, the encoding time of approximately 20% is increased compared with KTA 1.9r1, but the encoding time of about 25% is reduced in the combined case.
Table. 4: Encoding time saving under the common test conditions
	Sequence
	Resolution
	Frame Rate
	Number of

frames
	QP=22
	QP=27
	QP=32
	QP=37

	Container
	QCIF

(176x144)
	15
	150
	11.85%
	24.16%
	39.94%
	49.69%

	Foreman
	
	15
	150
	8.47%
	19.83%
	40.13%
	56.17%

	Silent
	
	15
	150
	4.11%
	9.57%
	24.41%
	49.06%

	Average coding efficiency for QCIF
	6.11%
	17.85%
	34.83%
	51.64%

	Paris
	CIF

(352x288)
	15
	150
	11.23%
	24.86%
	48.07%
	64.71%

	Foreman
	
	30
	300
	3.14%
	7.06%
	14.82%
	25.76%

	Mobile
	
	30
	300
	6.70%
	11.82%
	22.58%
	33.81%

	Tempete
	
	30
	260
	6.33%
	9.09%
	17.84%
	37.26%

	Average coding efficiency for CIF
	6.85%
	13.21%
	25.83%
	40.39%

	Bigships
	HD

(1280x720)
	60
	150
	15.21%
	35.08%
	60.73%
	75.04%

	City
	
	60
	150
	5.76%
	21.68%
	56.29%
	76.30%

	Crew
	
	60
	150
	35.35%
	54.54%
	69.54%
	76.63%

	Night
	
	60
	150
	9.74%
	20.79%
	38.87%
	55.85%

	Shuttlestart
	
	60
	150
	35.94%
	53.47%
	69.88%
	78.45%

	Rolling Tomato
	Full HD

(1920x1080)
	60
	60
	46.13%
	64.20%
	76.40%
	80.82%

	Average coding efficiency for HD
	24.69%
	41.63%
	61.95%
	73.85%

	Average
	15.38%
	27.40%
	44.58%
	58.43%


Table. 5: Encoding time saving under the common test conditions with MDDT
	Sequence
	Resolution
	Frame Rate
	Number of

frames
	MDDT

Only


	Proposed& MDDT



	
	
	
	
	QP=22
	QP=37
	QP=22
	QP=37

	Container
	QCIF

(176x144)
	15
	150
	-14.16%
	-22.42%
	1.11%
	42.78%

	Foreman
	
	15
	150
	-14.00%
	-23.05%
	-3.91%
	51.01%

	Silent
	
	15
	150
	-12.81%
	-22.31%
	-8.73%
	41.22%

	Average coding efficiency for QCIF
	-10.24%
	-22.59%
	-2.88%
	45.00%

	Paris
	CIF

(352x288)
	15
	150
	-15.44%
	-23.71%
	-0.74%
	60.25%

	Foreman
	
	30
	300
	-10.61%
	-18.75%
	-7.16%
	14.58%

	Mobile
	
	30
	300
	-13.07%
	-21.51%
	-5.73%
	23.79%

	Tempete
	
	30
	260
	-12.25%
	-20.77%
	-4.45%
	27.23%

	Average coding efficiency for CIF
	-12.84%
	-21.19%
	-4.52%
	31.46%

	Bigships
	HD

(1280x720)
	60
	150
	-17.11%
	-24.49%
	2.21%
	72.68%

	City
	
	60
	150
	-15.31%
	-23.10%
	-8.06%
	73.79%

	Crew
	
	60
	150
	-20.48%
	-25.42%
	27.11%
	75.29%

	Night
	
	60
	150
	-16.38%
	-23.26%
	-2.67%
	50.89%

	Shuttlestart
	
	60
	150
	-20.76%
	-24.98%
	27.84%
	77.39%

	Rolling Tomato
	Full HD

(1920x1080)
	60
	60
	-24.59%
	-25.09%
	40.28%
	80.46%

	Average coding efficiency for HD
	-19.11%
	-24.39%
	14.45%
	71.75%

	Average
	-15.92%
	-22.99%
	4.39%
	53.18%


Conclusion
This contribution presents an adaptive intra mode bit(s) skip for Intra4×4 mode. Adjacent boundary pixel information is used to decide single prediction block or multiple prediction block. The average bit rate reduction of 2.50% is achieved under the common test conditions. In particular, the proposed method achieves 4.3% bit saving at low bit-rate. Moreover, it reduced the encoder complexity approximately 45% at QP=32. And the proposed method can be used with MDDT. The combined case (the proposed method + MDDT) shows that the additional average bit saving of 1.93% is achieved compared with MDDT.
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