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A Re-quantization Noise Reduction Method in MPEG-2 to H.264 Intra Transcoding Takeshi YOSHITOME, Kazuto KAMIKURA NTT Cyber Space Laboratories NTT Corporation



Nobuhiko KITAWAKI Graduated School of Systems and information Engineering University of Tsukuba



Abstract | An MPEG-2 to H.264 intra transcod-



ing method is proposed. This method uses the encoding information from an MPEG-2 stream and keeps as many DCT coecients of the original MPEG-2 bitstream as possible. Experimental results show that the proposed method improves PSNR by about 0.76-1.27 dB compared with a typical conventional method. Keywords |Transcoding; MPEG-2; H.264 I.



Transcoding with First Encoding Information



A data ow example of transcoding with rst encoding information is shown in Fig.1. For simpli cation purposes, the macro-block (MB) size is 2x2. In the rst encoding, an input MB that includes the pixel values (A, B, C, and D) is processed by orthogonal transformation. Then, the transformed DCT coecients (47, 31, 25, and 18) are quantized by a quantization step 1=10. This
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Introduction



Many kinds of video services use a video compression tool to reduce the size and the transmitting cost of the video contents. In recent years, it has become increasingly important to convert video streams from MPEG2[1] to H.264[2]. For transcoding, some papers[3, 4] have reported that the use of an MPEG-2 motion vector and compression mode information helps to reduce the processing time of H.264 re-encoding. A direct mathematical matrix conversion from the 8x8 real DCT of MPEG-2 to the 4x4 integer DCT of H.264 has also been reported[5]. We have focused our attention on the fact that the complete re-use of encoding information, such as picture type, motion vector, and macro-block type, makes it possible to suppress re-quantization noise to almost zero[6]. This noise suppression mechanism is eective when the compression standards of the rst and second encoding are identical, such as for MPEG-2/MPEG-2 or H.264/H.264 conversion. In our work, we attempted to expand this approach to apply it to MPEG-2/H.264 transcoding. In this paper, we rst discuss the use of this noise suppression mechanism when the same compression standards are used. Next, we show the dierences between the MPEG2 and H.264 standards, analyze how they aect the noise reduction, and propose an MPEG-2/H.264 transcoding method. Finally, we describe simulation results we obtained and compare the transcoding noises generated by our method and a conventional method. II.
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Figure 1: Second encoding with rst encoding information quantization process adds quantization noise to the input MB. In the second encoding, every type of encoding information, such as MB type, motion vector, DCT mode, and quantization step, is re-used. This re-use of encoding information does not produce any signi cant dierence between motion compensation errors of the rst encoding and those of the second encoding; nor does it produce any notable dierence between the DCT coecients of the two encodings. This means that the re-quantization noise added in the second encoding phase is almost zero. If a better motion vector that could decrease the motion compensation errors (a', b', c', and d') were used in the second encoding, the re-quantization noise in the second encoding would increase. Unfortunately, there is no bit reduction because the output bitstream size of the rst and second encodings are almost the same when these encodings make use of the same compression tool. But transcoding using dierent compression tools, such as from MPEG-2 and H.264, may reduce the bitstream size because the performance of H.264's entropy coding (CABAC or CAVLC) is higher than that of MPEG-2's entropy coding (VLC). III.



Differences between MPEG-2 and H.264



As depicted in Fig.1, there is a close resemblance between the decoded images of the rst and second decoders when the compression standards of the rst and second encodings are exactly the same. To reenact the eect of
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this noise reduction mechanism, we must control H.264 behavior to imitate MPEG-2 behavior as much as possible when the rst encoder is MPEG-2 and the second encoder is H.264. The two encoders are similar but are not upper compatible. The dierences between them are listed in Table1. These dierences should be absorbed to recreate this noise reduction mechanism. The "o" means that H.264 can recreate the same MPEG-2 function in the table. For example, if the motion vector resolution of MPEG-2 is 0.5 pixels, that of H.264 is also 0.25 pixels. The "?" means that H.264 can process the function only in a similar but not identical way that MPEG-2 does. For example, a certain MPEG-2 quantization step cannot be expressed exactly using H.264 because the former is de ned by a linear interval and the latter is de ned by a logarithmic interval. The following four functions are not exactly the same between MPEG-2 and H.264: (1) Internal picture motion compensation, (2) Orthogonal transformation, (3) Available quantization step, and (4) Frame/Field MB speci cation. In the next section, we describe these dierences in detail and show a way to overcome them. Table 1: Major dierences between MPEG-2 and H.264



MPEG-2 H.264 H.264 substitute Block size 16x16 4x4, 4x8, 8x4, 8x8 OK 16x8 8x16,16x8,16x16 Vector resolution 0.5pix 0.25pix OK Intra prediction no yes ? Orthogonal DCT integer DCT ? Transformation Size of orthogonal 8x8 8x8(*1) OK Transformation 4x4 entropy coding VLC CAVLC OK CABAC Speci cation of yes yes(*1) OK Quantization matrix Speci cations of each MB pair MBs ? Field/FrameMB Interval of linear logarithmic ? Quantization step (*1):only High-Pro le A. Internal motion compensation Although there is no intra prediction function in MPEG-2, H.264 has such a function to increase compression eciency. Adjoining pixels in the upper, left, and upper-left blocks are referred to in this function. Because all prediction modes use the prediction in H.264, it is impossible to exactly equalize the H.264 and MPEG-2 intra MBs. The best way to imitate the latter is to use the DC prediction mode in H.264. If this is used, the orthogonal transformation will change only the DC coecient. None of the coecients except the DC one are aected by the dierence between the MPEG-2 and H.264 predictions. Accordingly, we decided to use the DC prediction mode in our method.



Table 2: Available 1 in MPEG-2 and in H.264



1 H.264 q MPEG-2 0 scale type 1 0.625 O -0.6875 O 0.8125 OO --10.875 O O 1.125 OO --1.25 OO --1.375 1.625 OO O21.75 O 2.25 OO --2.5 O- -O-32.75 3.25 O OO O3.5 44.5 O OO -55.5 O O- O66.5 O OO -78 OOO O 910 OO OO 11 O- O12 O 13 OO O14 O 16 OO OO OO 18 20 OO OO OO 22 B.



1 H.264 q MPEG-2 0 scale type 1 24 O O 26 OO OO O28 30 32 O-- OOO O-34 36 O- OO O38 40 O- OO O42 44 O- OO O46 48 -- OO O50 52 O OO O54 56 O- OO O58 60 -- OO -62 64 O- -O68 72 OO -OO 80 88 O OO 96 104 OO -OO 112 128 OO --144 160 OO --176 208 OO --224 - -



Available quantization step size There are 51 available quantization steps in H.264. The minimum value is 0.625 and the maximum value is 224. In contrast, there are 31 available quantization steps in MPEG-2. The q scale value, which is stored in the MPEG-2 picture header, can specify the dierent mapping from the quantization code to the quantization step. Available quantization steps in MPEG-2 and in H.264 are shown in Table.2. A 1 value of "O" means there is availability. There are six cases in which MPEG-2 can specify 1 and H.264 can not when q scale type= 1. When q scale type= 0, 13 cases exist. In these cases, the nearest quantization step of H.264 is used in place of that of MPEG-2. The ratio dierence between the MPEG2 and H.264 quantization steps is 8.3% for all 13 cases when q scale type= 1. When q scale type= 0, the ratio dierence ranges from 3.2% to 8.3%. The negative effects caused by this dierence will be described in detail in Section. V. The amount of this dierence is within the acceptable level. C. Orthogonal transformation In MPEG-2 compression, the DCT, the quantization and de-quantization, and the inverse DCT are described in the following Eqs. (1), (2), and (3) : Y = HXH t (1) Yd = DequantM P EG ( QuantM P EG (Y )) (2) X^ = H t Yd H (3)
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where X is the input image, Y is the DCT coecient, Yd is the de-quantized DCT coecient that was quantized, X^ is the decoded image, H is the transfer matrix, DequantM P EG (), QuantM P EG () are the quantization and de-quantization functions of MPEG-2, and H t is the transposed matrix of H . The (i,j) component of H is described in Eq.4 as follows: Hi;j
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1 ; b = 1 ; c = 32 where a = (9) 8 5 289 When N=8, the (i,j) component of T is Ti;j , and from Eqs. (4) and (9), the rst and fth columns of H are equal to the same position of T shown in Eq.(10). T0;j
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Let the (i,j) components of X , Y , and Z be Xi;j , Yi;j , and Zi;j and from Eqs.(1) and (5), Y0;0 , Y0;4 , Y4;0 , and Y4;4 be equal to Z0;0 , Z0;4 , Z4;0 , and Z4;4 as shown in Eq.(11): 0



In H.264, if we assume that Z is the integer DCT and T is the integer DCT matrix, DequantH 264() and QuantH 264 () are the quantization and de-quantization functions of H.264, and Zd is the de-quantized integer DCT coecient that was quantized, then the integer DCT, the quantization and de-quantization, and the inverse integer DCT are described in Eqs. (5), (6), (7) below:
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Equation11 indicates that the four components (Y0;0 ; Y0;4 ; Y4;0 ; and Y4;4 ) generated by MPEG-2's 8x8 DCT are identical to the four components (Z0;0 ; Z0;4 ; Z4;0 ; and Z4;4 ) generated by H.264's 8x8 integer DCT. To compare the other 60 components of Y and Z , an example image is processed by two consecutive stages using mathematical operations. In the rst stage, the image is processed by the DCT, the quantization and dequantization, and the IDCT shown in Eq.(1) - Eq(3). In the second stage, the output image of the rst stage is processed by following the dierent functions. 1. true-DCT/quantize/de-quantize/true-IDCT (Eq.1-Eq.3, PSNR is shown in Fig. 2) 2. 4x4int-DCT/quantize/de-quantize/4x4int-IDCT (Eq.5-7 with N=4 . PSNR is shown in Fig. 3) 3. 8x8-DCT/quantize/de-quantize/8x8int-IDCT (Eq.5-7 with N=8 . PSNR is shown in Fig. 4)



96 Authorized licensed use limited to: NTT Yokosuka. Downloaded on January 3, 2010 at 22:24 from IEEE Xplore. Restrictions apply.



2009 IEEE Symposium on Industrial Electronics and Applications(ISIEA 2009),October 4-6,2009,Kuala Lumpur,Malaysia



A



MPEG2 DCT/Q/ IQ/IDCT



B



A



50



C



MPEG2 DCT/Q/ IQ/IDCT



PSNR(dB)



PSNR(dB)



50



MPEG2 DCT/Q/ IQ/IDCT



H.264 4x4DCT/Q/ IQ/4x4IDCT



B



55 C



50



45



45



PSNR(A, C)



PSNR(A, B)



35



PSNR(A, C)



5



10



15



20



25



30



35



B



C



PSNR(B, C)



PSNR(A, C)



PSNR(A, B)



35



30 0



H.264 8x8DCT/Q/ IQ/8x8IDCT



40



PSNR(A, B)



PSNR(A, C)



35



30



MPEG2 DCT/Q/ IQ/IDCT



45



40



40



A



PSNR(dB)



55



55



30 0



5



10



15



20



25



30



35



0



5



10



15



20



25



30



35



Figure 2: PSNR of trueDCT/trueDCT Figure 3: PSNR of trueDCT/4x4DCT Figure 4: PSNR of trueDCT/8x8DCT re-encoding re-encoding re-encoding In the second stage, the quantization and dequantization without dead-zone are used because only the dierence between the orthogonal transformations of MPEG-2 and H.264 re ects the PSNR results. From Fig. 2 to Fig. 4, A means the input image, B means the decoding image of the rst encoding, C means the decoding image of the second encoding, and PSNR(A, B) means the PSNR value between A and B. Figure 2 shows that PSNR (A, B) equals PSNR (A, C). This indicates that the repetition of orthogonal transformations of MPEG-2 does not decrease the PSNR, as mentioned in Section.II. We omitted PSNR (B, C) from Fig. 2 because the requantization noise showed the lowest value and PSNR (B, C) rose to over 200 dB. When the second encoding is the 4x4 integer DCT of H.264 (Eq.(5) - Eq.(7),N=4), the PSNR (A, B) is almost equal to the PSNR (B, C) shown in Fig.3. This indicates the amount of quantization noise of the second encoding is almost the same that of the rst encoding. The total quantization noise doubles and the nal PSNR (A, C) is lower than PSNR (A, B) by about 3 dB. On the other hand, when the second encoding is the 8x8 integer DCT of H.264 (Eq.(5) - Eq.(7),N=8), PSNR (A, B) < PSNR (B, C) and the dierence becomes larger as 1 becomes larger, as shown in Fig.4. It appears that a large 1 decreases the PSNR reduction caused by the dierence between the 8x8 DCT and the real 8x8 DCT. The dierences between PSNR (A, B) and PSNR (A, C) are 2.0, 1.6, 1.0, 0.6, and 0.2 when 1 = 2, 4, 8, 16, and 32. Incidentally, PSNR (B, C) is 43.16 dB when 1=32; the PSNR of each coecient in this case is shown in Eq.(12). All four components (0,0), (4,0), (0,4), and (4,0) are over 200 dB. This result substantiates Eq. (11). The PSNR value of the other 60 components ranges from 35 to 52 dB. These components determine the total noise level. P SNR of F req:domain1=32 (B; C ) = 0211:3
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Although a DCT type can be speci ed for each MB independently in MPEG-2, H.264 speci es the DCT type



Table 3: Percentage of the DCT type agreement between upper and lower MB



No 18 10 14 15 16 19 22 23 28 46 47



Scene Cognac and Fruit Walk through the Sq. Streetcar Yacht Harbor Yachting Whale Show Opening Ceremony Marching in Green Leaves Summertime Tanning Sprinkling Picture Cuts Ave



A 84.9 83.8 84.4 84.3 89.2 87.3 81.8 82.5 92.5 89.6 85.8 86.0 86.0



MPEG-2 B C encoder D 84.5 84.0 89.7 85.9 82.8 89.7 85.3 82.7 82.0 85.5 84.8 82.9 84.3 83.3 89.6 88.2 87.6 88.1 86.7 80.6 82.3 88.9 82.5 83.6 93.9 89.1 91.5 88.8 87.9 89.7 85.5 84.1 86.0 86.8 84.6 89.6 87.0 86.7 86.9



E 84.8 83.5 81.2 82.7 84.7 87.6 82.5 81.9 91.1 88.0 85.0 84.3 84.8



for each pair of MBs that adjoin each other above and below. When an upper MB is speci ed as the frame DCT and its lower MB is speci ed as the eld DCT in MPEG2, the DCT type of one MB is dierent from its DCT type speci ed in H.264, whether the DCT type of the pair of MBs is frame or eld type in H.264. When the DCT type of MPEG-2 is dierent from that of H.264, the 8x8 pixel group of MPEG-2 DCT does not agree with those of H.264 DCT. The quantization noise reduction in the second encoder, mentioned in Section.II, decreases when many disagreements are generated. We therefore measured the disagreement quantity using the MPEG-2 bit-streams generated by ve commercial encoders. The percentage for which the upper MB has the same DCT type as the lower MB is shown in Table.3. The input images are 12 sequences included in the standard HDTV sequences[7]. The average of the DCT type agreement between upper and lower MBs is about 86%. For the remaining 14%, single agreement is obtained between MPEG-2 and H.264 for upper or lower MBs, so the overall MB agreement obtained is 93%. In other words, the quantization noise reduction is not eective for only 7% of the MBs. IV.



Proposed Method



The proposed MPEG-2 to H.264 conversion rules are listed in Table.5. The high H.264 pro le enables the use of an 8x8 integer DCT that has the same DCT size of MPEG-2. The quantization matrix of H.264 is set to the same coecient as that of MPEG-2's quantization matrix. The quantization step is selected to be the value
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Table 4: DCT type mapping between MPEG-2/H.264
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Simulation



A. Conditions We used experimental simulation to compare our proposed method with a conventional method. The conventional method we used is the ordinary MPEG-2/H.264 transcoding method that does not use the rst encoding information, and does intra MB mode selection. The simulation conditions were as follows. TM5 was used for the rst MPEG-2 encoding under the following conditions: The quantization step 1 was xed, the q scale type was equal to one, and the quantization matrix was the MPEG2 default setting matrix. The jm12.1 was used for the conventional second H.264 encoding under the following conditions. The pro le was high-pro le, the RD optimization was o, the UseHadamrd was on, and the quantization matrix was the H.264 default setting matrix. The conventional second encoding had no restrictions with regard to selecting MB mode and intra prediction mode, so its output bit-streams included the all-MB mode and DC prediction, and also included all available DCT sizes. We
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nearest to that of MPEG-2's quantization step. The intra prediction mode is set to the DC mode to imitate the MPEG-2 standard. The H.264 standard can select one of the intra MB modes from among I4x4, I8x8 and I16x16 and each DCT matrix size is either 4x4, 8x8, or 4x4. The proposed method uses the I8x8 mode because its DCT matrix size is the same as that of MPEG-2. The DCT type mapping from MPEG-2 to H.264 is the method r previously shown in Table.4 in Section.III(D). V.
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Table 5: Proposed MPEG-2/H.264 transcoding method
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ing information, for our proposed transcoding method. The quantization step 1 was xed for the simulations of both the conventional and proposed methods. B. Results The PSNR of the conventional method and the proposed method are shown in Fig.6(a)-6(c). The quantization step of the rst encoding, 11 , was set to 16, 26, or 36. That of the second encoding, 12 , varied from 2 to 64. The x-axis means PSNR and the y-axis means macroblock bits. The solid line indicates the proposed method and the dotted line indicates the conventional method. These gures show that the proposed method has two peaks when 12 =11 and 12 =0:511 . At these points, the PSNR of the proposed method is higher than that of the conventional method from about 1.0-1.9 dB. The PSNR of the proposed method drops when 0:511 < 12 < 11 and 11 < 12 < 2:011 . This PSNR drop is similar to that reported in MPEG-2/MPEG-2 transcoding. Figure.6(a) shows that the PSNR of the proposed method is higher than that of the conventional method when 12 
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Table 7: Lowest comp. ratio when proposed method is superior to conventional method



Table 6: Comp. ratio and PSNR of proposed method



Input MPEG-2 image 1 PSNR MB size (dB) (kbit) Cheer 16 31.37 324.679 Leader 26 29.84 238.483 36 28.59 191.898 16 33.62 278.037 Bus 26 30.90 199.317 36 29.14 157.199 Mobile 16 30.78 455.700 and 26 27.85 329.502 Calendar 36 25.91 257.195



Proposed transcoder Conv. PSNR MB size comp. PSNR PSNR di. (kbit) ratio (dB) (dB) (dB) 297.031 0.915 31.04 30.28 0.76 205.979 0.864 29.56 28.63 0.93 154.483 0.805 28.39 27.40 0.99 241.855 0.870 33.14 31.87 1.27 159.621 0.801 30.58 29.63 0.95 115.591 0.735 28.92 28.10 0.82 424.557 0.932 30.05 29.02 1.03 295.313 0.896 27.32 26.28 1.04 219.698 0.854 25.53 24.60 0.93
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step 12 is equal to 11 . The re-compression ratio of the H.264 bitstream size to the MPEG-2 bitstream size is from 0.801 to 0.932. As 12 becomes larger than a certain value, the PSNR of the proposed method becomes lower than that of the conventional method. Although the amount of this limit value depends on the input images we tested, the proposed method is superior to the conventional method for our tested simulations when the re-compression is over 0.805. VI.



Conclusion



We proposed a re-quantization noise reduction method for MPEG-2 to H.264 intra transcoding. This method uses encoding information from the MPEG-2 stream and keeps as many DCT coecients of the original MPEG-2 bitstream as possible. We analyzed the dierence between MPEG-2 and H.264 regarding the intra prediction and quantization steps and orthogonal transformation to reduce the re-quantization noise in H.264. Experimental results showed that the proposed method improves PSNR by about 0.76-1.27 dB compared with the conventional method. The advantages of the proposed method are that it not only results in high PSNR but also that it does not require complex calculation to select an MB mode and an intra prediction mode.
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