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1. Introduction
The JVT codec can achieve high efficiency of intra frame coding by utilizing the intra prediction technique. However, the sequence coded by JVT codec with only intra frames presents more flicking in playing compared to the traditional scheme coded sequence. Since the all intra frame video can be used in many applications, this proposal aims at solving the flicking problem exiting in the current JVT codec. The rest of this proposal first analyzes the reasons leading to the flicking, and then presents the developed scheme in details. 
2. Problem statement
Different from the traditional intra frame coding methods, JVT has adopted directional spatial prediction so as to improve the coding efficiency. In order to analyze the effects of these techniques, we define a flicking measure between two successive intra frames. Let O(i,j) be the jth macroblock of the ith frame, and R(i,j) be the corresponding reconstructed macroblock. We defined the flicking measure S as follows.
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where O(i+1,j)-O(i,j) denotes the original difference between two successive frames, and R(i+1,j)-R(i,j) denotes the new difference between the same frames. Thus, the flicking measure indicates the extended difference after reconstruction. Subjective testing verifies that the proposed flicking measure works very well. 
Table 1 shows the statistics results from the Paris sequence in CIF format. MPEG-4 codec is also tested for referencing. Obviously, the intra prediction plays a very important role in producing the flickers. And ABT scheme also contributes to the flickers. Without the intra prediction, ABT still causes more flicker than the fixed block size coding scheme. The reason is that different block size of transform and quantization produce different quantification errors between two successive frames. This problem can be solved by giving the coding mode used by the same macroblock in the previous frame a bonus in mode selection. In other words, it is an encoding issue. However, under the current intra prediction scheme, it is difficult to well solve the flicking problem only optimizing the encoder. The following paragraphs analyze the reasons. 
In JVT, The transform and inverse transform matrices have orthogonal basis functions. Therefore, for the inverse transform to reconstruct the original signals, the appropriate normalization factors are used to the transform coefficients before quantization and after dequantization. Such factors are absorbed by the quantization and dequantization scaling factors [1]. We define the operators of transform and quantization as follow: T for transform, Q for quantization, T-1 for inverse transform, and Q-1 for dequantization. Let W(O)=T-1Q-1QT(O). With the Intra Prediction Scheme (IPS), the reconstructed signals can be defined as R(O)=W(O-P)+P; and with the None Prediction Scheme (NPS), the reconstructed signals can be defined as R(O)=W(O).

Both schemes might extend the differences between two successive frames due to the quantization errors. However, for IPS coding, different predictions (P1 and P2) might be used to code O1 and O2. Thus, the IPS might result in larger flicker measure than the NPS if O1 and O2 are very close. For example, if O1 and O2 are the same, NPR can obtain the same reconstructed data of O1 and O2 as well, whereas the IPS most possibly results in the different reconstructed data. Therefore, the IPS usually produces more flickers than the NPS. The statistics in Table 1 also verify the analysis. 
Table 1: Flicking measure statistics from Paris sequence (QP=30 for JM3.9)
	
	With prediction
	Without prediction

	Mpeg4
	
	1464.2

	ABT+DBfilter
	3591.1
	1906.1

	ABT
	3581.1
	1884.6

	Fixed size(4x4)
	3607.3
	1638.3

	Fixed size(4x4)+filter
	3609.3
	1645.0

	
	
	


3. Proposed prediction modification
According to the previous analysis, the spatial prediction in JVT codec plays a very important role in producing flicking in the all intra frame coding. The flicking caused by intra prediction cannot be eliminated by only optimizing the encoder. Therefore, we propose a modified intra prediction scheme for the JVT codec. The main idea is to perform the quantification in frequency domain to the predicting signal prior to subtracting the input signal. 
Figure 1 shows the block diagram of the proposed scheme. Suppose the codec is used to code the sequence with all intra frames. The modules in the block namely prediction quantization are performed on the predicting signal. The same quantization and dequantization schemes as that applied to the residual signal are applied to the predicting signal too. We denote the reconstruction of input signal O in terms of prediction P as R(O,P), i.e. R(O,P)=W(O-W(P))+W(P). If Q-1Q(z)= Q-1QQ-1Q(z), we can derive that R(O,P)=W(O). Actually, the quantization in JVT codec is not exactly uniform. Therefore, Q-1Q(z) and Q-1QQ-1Q(z) are not exactly the same. However, with the proposed scheme, R(O,P) and W(O) are close enough. In other words, the quantized predicting signals have little effect on the reconstructed signals. In this way, the scheme in Figure 1 can greatly reduce the extra flickers caused by intra prediction. 
In order to decrease the complexity, a scheme similar to that in Figure 1 is used in this document. Figure 2 and Figure 3 show the modified encoder and decoder, respectively. Since the quantization in JVT is not exactly uniform, the encoders in Figure 1 and Figure 2 are not the same. However, the difference is very small. Based on the architecture in Figure 3, the decoder is further modified, as illustrated in Figure 4. The decoder in Figure 4 is exactly equivalent to that in Figure 3. 
Actually, the intra prediction in this proposal is similar to the prediction performed in frequency domain. The difference is that the proposed prediction is obtained according to the spatial information, but not directly from the frequency domain. In this way, the high coding efficiency achieved by the original spatial prediction technique is still available. 
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Figure 1: Block diagram of the proposed Intra prediction scheme
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Figure 2: Block diagram of the proposed encoder for Intra frame
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Figure 3: Block diagram of the proposed decoder for Intra frame
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Figure 4: Block diagram of the simplified decoder
4. Experimental results

The proposed scheme is implemented on JM3.9 codec. Therefore, the comparisons are between the proposed scheme and JM3.9. In the experiments, the sequences are coded with only intra frames. Testing conditions are listed as follow.

· GOP structure:    Intra frame only

· Entropy coding:   CABAC  
· RD optimization:  On

· Hadamard:
      On

· ABT:
      Off

Figure 5 to Figure 7 illustrate the rate-distortion curves with the proposed algorithm and JM3.9, respectively. The proposed scheme with only 4x4 intra prediction is also tested. The proposed scheme averagely decreases the PSNR 0.2dB at the same bit rates compared to JM3.9. It means that visual quality of the single frame is a little sacrificed in the proposed technique. However, the most significant advantage of the proposed intra prediction is that it can greatly reduce the flicking caused by spatial prediction. Table 2, Table 3 and Table 4 present the comparisons of the flicking measures. Furthermore, the current codec with the proposed intra prediction has not been optimized. After optimizing the encoder, the visual quality of a single frame can also be improved even with the proposed intra prediction technique. 
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Figure 5: PSNR graph for Paris_CIF sequence with proposed codec and JM3.9
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Figure 6: PSNR graph for Mobile_CIF sequence with proposed codec and JM3.9
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Figure 7: PSNR graph for News_QCIF sequence with proposed codec and JM3.9

Table 2: Flicking measures of Paris sequence

	QP
	JM3.9
	Proposed
	Proposed(4x4 only)

	24
	1377.749
	1046.126
	1046.012

	26
	1727.838
	1230.265
	1227.947

	28
	2126.123
	1390.763
	1404.302

	30
	2710.334
	1663.674
	1645.513

	32
	3450.955
	1897.721
	1915.651

	34
	4506.821
	2142.408
	2228.99

	36
	5925.029
	2647.406
	2602.421


Table 3: Flicking measures of Mobile sequence

	QP
	JM3.9
	Proposed
	Proposed(4x4 only)

	24
	659.8429
	611.8639
	603.5393

	26
	749.0681
	666.1047
	733.7906

	28
	873.822
	735.5445
	796.0995

	30
	1079.147
	777.2565
	838.1623

	32
	1203.78
	875.3246
	1422.346

	34
	1476.021
	923.623
	1635.194

	36
	1744.628
	1149.806
	2222.178


Table 4: Flicking measures of News sequence

	qp
	JM3.9
	Proposed
	Proposed(4x4 only)

	24
	824.1613
	550.0358
	545.8415

	26
	1100.638
	659.5445
	650.5287

	28
	1421.888
	809.6179
	799.2089

	30
	1931.864
	980.2507
	962.3706

	32
	2481.098
	1241.99
	1211.895

	34
	3480.208
	1555.323
	1537.126

	36
	4910.879
	2049.186
	1862.534


5. Conclusions

The sequence with all intra frames coded by JVT codec presents severe flicking in playing. The reasons are manifold. Among them, intra prediction plays a very important role. This proposal has presented a modified intra prediction scheme for all intra frame video coding in order to reduce the flicking caused by intra prediction. Compared with the original codec, the new technique need one bit to indicate whether the prediction quantization is utilized or not. The other parts of the syntax need not be modified. The same modules in the original codec can be reused in this process. Therefore, the proposed technique provides an alternative choice for intra frame coding to reduce the flicking. With the proposed scheme, the flicking cannot be completely eliminated because some other modules also lead to the flicking. However, these problems can be solved by optimizing the encoder in the future. 
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