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Abstract

A macroblock in H.264 has 7 different motion-compensation block sizes in the Inter mode, and several different prediction directions in the Intra mode (9 prediction directions in intra4x4 and 4 in intra16x16). To achieve as highest coding efficiency as possible, H.264 encoder employs complex mode decision technique based on rate-distortion (RD) optimization that requires high computational complexity. In order to reduce the complexity, the current JVT reference software adopted a fast mode decision method combining ‘Fast Mode Decision for Intra Prediction [1]’ and ‘Fast INTER Mode Selection [2]’. In this document, we propose two additional techniques – ‘early SKIP mode decision’ and ‘selective intra mode decision’ - which can further reduce the computational complexity with only slight modification. The simulation results show that without considerable performance degradation, the proposed methods reduce encoding time by 30% on average and save the number of computing rate-distortion cost by 72%.
1. Introduction

To choose the best macroblock mode, H.264 encoder calculates the RDcost (Rate Distortion cost) of every possible mode and chooses the mode having the minimum value. Fig. 1 shows the computation process of RDcost value of a particular mode, and this process is repeated carried out for all the possible modes for a given macroblock.
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Fig. 1. Computation of RDcost

As indicated in Fig. 1, in order to compute RDcost associated with each mode, same operation of forward and inverse integer transform/quantization, and variable-length coding is repetitively performed. Moreover, although the probability of having intra modes is much less than that of inter modes in P-slices, encoder computes the RDcost of all the possible intra modes at each macroblock simply because the RD optimization technique needs to make sure which mode produces the minimum RDcost. All of this explains the high computational complexity of the RD optimization process. Motivated by this observation, many algorithms are proposed [1~4] to reduce the computation complexity and to save encoding time. The “Fast Mode Decision for Intra Prediction [1]” restricts the number of potential intra prediction modes for RD calculation based on edge directional histogram. To generate the edge directional histogram, Sobel edge operator is applied at every whole frame. The “Fast INTER Mode Selection [2]” is developed as a companion to the “Fast Mode Decision for Intra Prediction” since its prediction of the inter mode relies on the information supplied by the intra prediction mode step and the edge map. Consequently, the process of intra prediction is performed first. However, as statistical data of intra mode [4] indicates, the probability for a macroblock to have an intra mode in P slice is maximum 0.09 and on average 0.03, although the exact figure depends on specific input video characteristics. The small probability of intra mode in real video sequences suggests that the current practice of deciding the best intra mode first and subsequent decision of a inter mode may have a certain limit in reducing the computational complexity. Therefore, we propose a new mode decision method that investigates intra modes after deciding the best inter mode. Furthermore, it investigates various intra modes only when the investigation is believed to be certainly worthwhile. Therefore, the encoder can avoid quite a number of unfruitful calculation of RDcost values.

This document also proposes to check the SKIP mode conditions first in deciding the best coding mode since a macroblock satisfying the conditions all together has very high probability of having the SKIP mode as the best coding mode. Therefore, we propose to check the SKIP mode conditions first, and when it satisfies the conditions, then to decide the SKIP mode as the selected macroblock mode. This decision of SKIP mode at early stage makes it possible to omit all the remaining RD calculation, motion-compensation, and intra predictions.

2. SKIP mode decision at early stage

This is to check whether the given macroblock mode can choose the SKIP mode as the best mode or not. To have a SKIP mode in H.264, a macroblock should meet following conditions all together [5]: 
(i) the best motion compensation block size is 16x16, 
(ii) reference frame is just one previous one, 
(iii) motion vector is (0,0) or the same as its PMV, and

(iv) its transform coefficients are all quantized to zero. 
To check these conditions, motion vector and reference frame for the given 16x16 block are estimated at first and subsequently, RDcost16 is computed for the 16x16 block. Once the conditions of (i)~(iv) are satisfied, the other inter and intra modes are not investigated anymore. The proposed method of “SKIP mode decision at early stage” only requires change of the order of checking inter modes, therefore it can be easily implemented into conventional encoding structure, and there is no additional computation due to the proposed method.

3. Selective intra mode decision

H.264 allows intra modes in P-slices. Therefore, although the current macroblock belongs to an inter slice, H.264 should examine all intra prediction directions of intra4x4 and intra16x16. By the way, as seen in the current JVT reference software, the RD optimization process of intra modes is quite complex and the number of computing RDcost values is about 5 times higher than that of inter modes. Fig. 2 shows the maximum number of computing RDcost for mode decision.
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Fig. 2. The maximum number of computing RDcost in mode decision

We regard the 4x4 block as the basic count unit due to 4x4 processing of transform and entropy coding. Since the computational cost of intra mode decision is high, we can reduce the huge computational complexity if we can accurately predict whether intra mode is best or not in advance. The inter mode utilizes correlation between pixels extended in temporal direction, and the intra mode utilizes correlation in spatial direction. Therefore, if the current block has more correlation in spatial direction, the block has higher probability of being an intra block. A proper decision between the intra and the inter modes need some objective measure of spatial and temporal correlation. To avoid additional computational requirement, the measure will be desirable if it can utilize all-ready available intermediate result. We propose here to use the average boundary error (ABE) between pixels at boundary of the current and its adjacent encoded blocks under the best inter mode as an indicative of degree of spatial correlation. Also we propose to use the average rate (AR), i.e., the average number of bits consumed to encode the motion-compensated residual data under the best inter mode as an indicative of degree of temporal correlation. So, we compare the average rate for the best inter mode and the average boundary error for the current block. 

For this purpose, we define AR (Average Rate) to indicate the number of bits for texture data without header as:

	
[image: image3.wmf](

)

/3

1

#0.852,384(1616)(88)2

384

Qp

LumaChroma

ARbitsoftexturedatawherer

ll

=´=´=´+´´




Because the number of bits associated with the texture data is already computed while computing RDcost in deciding the best inter mode, evaluation of AR does not need additional operation. Intra prediction uses the pixels of already encoding neighboring block. We also define ABE (Average Boundary Error) as following:
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Fig. 3. Computing average boundary error

, where 
[image: image7.wmf],,
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 are the pixel data of current macroblock to be encoded; 
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RecRecRec

YUV

 are the reconstructed data of the macroblock; and 
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 respectively indicate coordinates of the upper-most left pixel in luminance and chrominance block. 
It is our observation that if the rate is sufficiently low, then the selected best inter mode has high probability of winning against the best intra mode. Therefore, we propose to omit investigating all intra modes if AR < kABE (here k is a certain user-defined positive number). If not, encoder computes RDcost of intra modes to compare its value with the RDcost of the best inter mode. 
In computing ABE, there can be 4 different cases according to neighboring block:
Case 1: [Left: not available, Upper: not available]

If AR=0, skip investigating intra modes;  else ABE = 0

Case 2: [Left: not available, Upper: available]
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Case 3: [Left: available, Upper: not available]
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Case 4: [Left-available, Upper-available]

Compute ABE as shown in Fig. 3.

The proposed method is summarized in a flowchart in Fig.4. The user-defined constant k regulates the importance of ABE against AR. In the experiment, we used k=1.
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Fig. 4. Flowchart of the proposed method

4. Experimental results

The test condition is shown in Table 1, which is the same as the one used in the development of H.264 standard [6]. JM6.1d encoder is used as the reference software. The simulation considers only H.264 baseline profile that does not contain B slice nor CABAC, and the option of RD optimization and Hadamard transform were turned on.
Table 1. Simulation condition

	
	news

(qcif)
	container

(qcif)
	foreman

(qcif)
	silent

(qcif)
	paris

(cif)
	mobile

(cif)
	tempete

(cif)

	Frame rate (Hz)
	10
	10
	10
	15
	15
	30
	30

	Total frames
	100
	100
	100
	150
	150
	300
	250

	Qp
	28, 32, 36, 40

	Coding option

used
	Rate distortion optimization, Hadamard transform

IPPP structure, CAVLC, no error tools, #REF=4, SR=+/-16

	Codec
	JM 6.1d encoder


Because the proposed method can be implemented independent of the fast mode decision methods [1,2], we integrated the proposed technique to JM6.1d, and evaluated its performance against JM6.1d in terms of 
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 means the saving in number of computing RDcost, and 
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 indicates the percent processing time difference as defined below:
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For degradation measure of encoding, two measures of BDBR and BDPSNR [7] are calculated according to Qp values in Table 1. Table 2 shows experimental results. 

Table 2. Experimental results

	Seq
	SKIP mode decision
in early stage only
	Omission of intra mode only
	Combined all

	
	BDBR
[%]
	BDPSNR
[dB]
	S
[%]
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[%]
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	BDPSNR
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[%]

	container
	-0.302
	0.017
	47.92
	23.40
	1.745
	-0.087
	76.19
	22.45
	1.309
	-0.067
	84.30
	36.48

	foreman
	-0.340
	0.018
	15.09
	3.49
	1.090
	-0.061
	58.97
	16.02
	1.163
	-0.065
	62.04
	20.24

	news
	0.265
	-0.016
	49.68
	25.49
	0.158
	-0.010
	65.79
	20.16
	0.004
	0.000
	77.55
	36.11

	mobile
	-0.202
	0.009
	10.00
	0.74
	0.219
	-0.010
	59.96
	22.34
	0.065
	-0.003
	61.61
	24.11

	silent
	0.234
	-0.013
	44.45
	21.99
	0.333
	-0.018
	69.32
	20.59
	0.498
	-0.028
	77.02
	33.75

	paris
	0.090
	-0.005
	41.34
	20.41
	0.711
	-0.037
	70.09
	23.54
	0.923
	-0.048
	76.74
	34.69

	tempete
	0.231
	-0.010
	14.14
	3.04
	0.663
	-0.028
	59.78
	19.19
	0.621
	-0.026
	63.22
	22.83

	average
	-0.003
	0.000
	31.80
	14.08
	0.703
	-0.036
	65.73
	20.61
	0.655
	-0.034
	71.78
	29.74


Experimental results shows that the proposed method reduces the number of computing RDcost by about 72% and the encoding time by about 30%. However, BDBR and BDPSNR degradation is only about 0.7% and 0.03dB, respectively. Therefore, the proposed technique significantly reduces the conputational complexity without any noticeable coding loss. 

5. Conclusion
The current JVT reference software has the rate distortion optimization method implemented for mode decision which demands huge computational complexity. In order to attain highest possible coding efficiency, the RD optimization method simply tries encoding all coding modes at every macroblock. For this reason, the complexity of H.264 encoder is dramatically increased. In this document, we proposed two efficient mode decision techniques – ‘early SKIP mode decision’ and ‘selective intra mode decision’. The proposed algorithm provides considerable reduction in computational complexity only with a small coding loss. Furthermore, the proposed method can be implemented easily in current reference software without considerable modification.
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