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1. Introduction
In a scalable video coding, up-sampling of video sequences is an important process for spatial scalability. We proposed a new up-sampling method for SVC [1]. When no-phase shift is expected, type-1 DCT up-sampling method was employed. For performance improvement, we apply adaptive filtering method of luminance component in the type-1 DCT up-sampling, which applies different weighting parameters to DCT coefficients. When this method is applied, up-sampling operation in the decoder has no difference in the computational complexity. Since the decoder requires the weighting parameters of up-sampling matrix, we need to transmit the weighting parameters of horizontal and vertical up-sampling, only 88 bits are required to transmit the weighting parameters for intra frame. The proposed adaptive up-sampling method shows much improved PSNR in comparison with the recent JSVM 2.0 up-sampling method. The proposed adaptive filtering method and its experimental results are given in sections 3 and 4, respectively. 

2.  Type-1 DCT up-sampling method 

The type-1 DCT has no phase-shift in up-sampling [1]. The definition of type-1 DCT is given as follows,
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where 
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 is the input signal and N is the input sample size. 
The original type-1 DCT cannot provide the Nyquist interpolation kernel. To make the Nyquist interpolation kernel, the highest frequency coefficient in the transform domain should be halved. The signal length of type-1 DCT is N+1, and N zeros are appended in the high frequency region after type-1 DCT. Then, type-1 IDCT of 2N+1 samples is performed to obtain up-sampled data. 
We can write the two-fold up-sampling process as follows:
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   eq. (2)

where T denotes 1D type-1 DCT kernel in eq. (1), and 
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, respectively. 
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 represents left kernels of type-1 DCT from column 1 to 
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, and the superscript t means transpose of the matrix. In eq. (2), 
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 denote the vertical and horizontal up-sampling kernels, respectively. The transpose relationship of the vertical and horizontal up-sampling matrix holds as 
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. The element of vertical up-sampling matrix is written as follows:
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                                 eq. (3)
The 2D up-sampling can be also separately performed using columnwise (vertical) up-sampling followed by row (horizontal) up-sampling. Also we employ overlapping method to reduce blocking artifact and to improve the PSNR performance. Detail things were provided in the JVT document [1]. 

3. Adaptive up-sampling method 

We extend our up-sampling method by using adaptive filtering scheme. Adaptive filtering method of motion compensation was proposed at the MPEG BUSAN meeting, which used 6x6 non-separable filter whose coefficients can be obtained with least square method [2-3]. The proposed method is somewhat different approach. We employ the type-1 DCT up-sampling matrix in the adaptive filtering, which determines relative weighting of each frequency components of type-1 DCT. We also consider only luminance block for adaptive up-sampling. Figure 1 shows sample positions of two-fold up-sampling.
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Fig. 1. Sample positions of two-fold up-sampling.

Position ‘a’ in Fig. 1 indicates even position after up-sampling, which is not modified from the down-sampled image. In the proposed method, the same scheme is employed, that do not change pixel value of ‘a’. Position ‘b’ and ‘c’ are the horizontal and vertical up-sampled image data, respectively. The horizontal and vertical up-sampling can be performed with 
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 matrix, which are odd-row up-sampling kernel of eq. (3). 
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              eq. (4)

The position ‘d’ in Fig. 1 shows diagonal up-sampled image data. For up-sampling of position ‘d’, we perform horizontal filtering after vertical filtering by using vertically up-sampled data such as position ‘c’. 

For adaptive up-sampling, we derive adaptive up-sampling matrix as follows:
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Eqs. (5) and (6) show adaptive up-sampling matrix of vertical and horizontal directions, respectively. 
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 shows the odd-row transform kernel of type-1 DCT. For diagonal up-sampling, we use already determined adaptive vertical and horizontal up-sampling matrix as follows:
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Therefore, we need to transmit the vertical and horizontal frequency weighting parameters which are 
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 are always zero in eq. (4). And we can set the DC weighting parameter as one, because the proposed adaptive filtering sheme only exploits the relative weighting of each frequency component. Therefore, the number of weighting parameters to be transmitted becomes 
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. The proposed adaptive up-sampling matrix with the weighting parameters can be made as follows:
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                          eq. (9)

The hozirontal up-sampling matrix can be written as similar form to the vertical up-sampling matrix in eq. (9) by using the horizontal weighting coefficients. We assume 32-bits integer operation in the decoder. Therefore, eq. (7) was changed to integer form by scaling each figuring terms. The quantization of weighting coefficients is required in the encoder side. We experimentally determine that 4-bits quantization of weighting parameters is suitable. 

When the proposed adaptive up-sampling method is applied, the up-sampling matrices of 
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, respectively. The computational complexity of up-sampling matrix is same as that of all weighting parameters of one, which is the original type-1 DCT up-sampling matrix. In this proposal, we consider only luminance component of intra frames for adaptive up-sampling, and the high-pass frames can use original type-1 DCT up-sampling method, which has no need to transmit weighting parameters.

4. Obtaining weighting coefficients

Estimation of the weighting parameters is an encoder issue. However, we show the reference method of obtaining the weighting parameters. We used least-square minimization method. Let i denote NxN block index of the down-sampled image, which consists of width (W) and height (H). We perform vertical up-sampling process as follows:
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where 
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 denotes i’th block of the down-sampled image. Then we obtain the optimum 
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 that minimizes error between the original up-sampled image and the computed up-sampled image as follows:
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where 
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 is i’th block of original up-sampled image, which are set of pixels such as position ‘c’ in Fig. (1), and NB is the number of blocks in the down-sampled image. We should translate the eq. (11) as solvable form to avoid mathematical difficulty. The definition of kronecker tensor product is shown as follows [4]:
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where s is the stack operator, which maps MxN matrix into an MNx1 vector. The stack of matrix 
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 is the vector formed by stacking columns of 
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 into an MNx1 vector. Eq. (10) can be translated into a kronecker tensor product form as follows:
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                                eq. (13)

Also we can rewrite eq. (11) as the reduced form where the zero elements of diagonal matrix 
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 are removed as follows:
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where Diag(X) maps diagonal components of matrix 
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 into a vector and 
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 matrix. Therefore, we should minimize the following equation to obtain the optimum 
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Since we set the first frequency components 
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 as one, eq. (15) should be changed as follows: 
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  eq. (16)

The horizontal weighting parameters also can be obtained in a similar way to the vertical weighting parameters in eq. (16). The obtained weighting parameters should be quantized properly. 
5. Experimental results 

We implemented the proposed adaptive type-1 DCT up-sampling methods in the recent JSVM 2.0 video codec [5]. The size of block to be up-sampled is 8x8, and the overlap points are 5 [1]. It make the up-sampled block 16x16 from the overlapped 13x13 block. The required number of weighting parameters is 22 (2N-2=2x12-2=22), so the required number of bits for each intra frame is 88 bits for 4 bits quantization. Entropy coding of the weighting parameters will be helpful in the coding performance. We used matrix inverse method of eq. (16) which is numerically unstable operation in the encoder. Therefore, we determine the employment of adaptive up-sampling or original type-1 DCT up-sampling using RDO operation per frame. The computational complexity of up-sampling in the decoder is about three times higher than that of current JSVM [5]. However, the added complexity is only contributed to the up-sampling operation.  
We used four CIF video sequences such as Bus, Football, Mobile, and Tempete which have a spatial resolution of 352(288, frame rate of 15 Hz and two 4CIF video sequences such as City and Harbour which have a spatial resolution of 704(576, and frame rate of 30 Hz. The base layer was encoded with 176(144 (QCIF) in the CIF sequence and 352(288 (CIF) in the 4CIF sequence after down-sampling by JSVM 2.0. The enhancement layer uses the CIF and 4CIF resolution with up-sampling of JSVM 2.0 and the proposed adaptive method for inter-layer prediction [4]. The proposed adaptive up-sampling method will be efficient for high-bitrate coding of base-layer, i.e., less quantization of base layer images gives more accurate up-sampling results. However, use of very low QP in the base-layer derives coding performance degradation of scalable video bitstream. Therefore, we use an moderate experiment condition, where QP of base-layer is set to 24 and 30. Also we show the experimental result of extreme QP condition of base layer, which have QP (1) and QP (45). The minimum QP as one shows maximum performance of the proposed method, and the very large QP of 45 shows the saturated performance of the proposed method, which shows the nearly same performance of the proposed method and JSVM 2.0 up-sampling method. The experimental condition is shown in Table 1. 
Table 1. Experimental condition of the proposed method in JSVM 2.0

	Number of spatial layer
	2

	GOP size
	1

	Intra period
	1

	Base layer
	AVC compatible


Figure 2 shows the rate-psnr curves of the enhancement layer from the proposed adaptive up-sampling method and JSVM 2.0 method with base layer QP of 24 (high quality). 
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(a) Bus CIF (Base layer QP: 24)
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(b) Football CIF (Base layer QP: 24)
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       (c) Mobile CIF (Base layer QP: 24)
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                                   (d) Tempete CIF (Base layer QP: 24)
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              (e) City 4CIF (Base layer QP: 24)
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                 (f) Harbour 4CIF (Base layer QP: 24)

Fig. 2. Rate-PSNR curves of the enhancement layer from the proposed and JSVM 2.0 up-sampling (base layer QP=24). 

We can see the proposed adaptive up-sampling method improved PSNR performance. The maximum improvements of PSNR are about 0.4 dB (a), 0.25 dB (b), 0.4 dB (c), 0.4 dB (d), 0.2 dB (e), and 0.5 dB (f). Figure 3 shows the rate-psnr curves of the enhancement layer from the proposed adaptive up-sampling method and JSVM 2.0 method with base layer QP of 30 (middle quality). 
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(a) Bus CIF (Base layer QP: 30)
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(b) Football CIF (Base layer QP: 30)
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(c) Mobile CIF (Base layer QP: 30)
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(d) Tempete CIF (Base layer QP: 30)
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(e) City 4CIF (Base layer QP: 30)
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(f) Harbour 4CIF (Base layer QP: 30)

Fig. 3. Rate-PSNR curves of the enhancement layer from the proposed and JSVM 2.0 up-sampling (base layer QP=30). 

We can see the proposed adaptive up-sampling method still provides more improved result with moderate base layer QP condition (middle quality). The maximum improvements of PSNR are 0.3 dB (a), 0.15 dB (b), 0.3 dB (c), 0.25 dB (d), 0.1 dB (e), and 0.35 dB (f). As base layer quality become worse, the performance of up-sampling will be degraded. However, SVC provides any condition of video quality, so the proposed adaptive up-sampling method will be efficient at the high and middle quality of base-layer for spatial scalability. Figure 4 shows the rate-psnr curves of the enhancement layer from the proposed adaptive up-sampling method and JSVM 2.0 method with extreme base layer QP of 1 (highest quality) and 45 (very low quality). 
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(a) Harbour 4CIF (Base layer QP: 1)
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(b) Harbour 4CIF (Base layer QP: 45)

Fig. 4. Rate-PSNR curves of the enhancement layer from the proposed and JSVM 2.0 up-sampling 

(Base layer QP=1 (a) and 45 (b)).

As shown in Fig. 4 (a), the proposed adaptive up-sampling method gives substantial PSNR gain than JSVM 2.0 up-sampling method. Even though, it is not proper in real environment, we can see the maximum performance of the proposed method. The maximum improvement of PSNR is about 0.7 dB (a). Fig. 4 (b) shows the saturated result of the proposed adaptive up-sampling method. 

6.  Conclusion

In this contribution, we proposed an adaptive up-sampling method for performance improvement of spatial scalability in the SVC. By transmitting weighting parameters of type-1 DCT up-sampling kernel, we showed the improved result of the proposed adaptive up-sampling method in comparison with the JSVM 2.0 up-sampling method with proper assumption of base layer quality. The number of bits for the weighting parameters is 88 bits for each intra frame, when no entropy coding is applied, which is generally negligible. The computational complexity of the proposed adaptive up-sampling method is just same as the original type-1 DCT up-sampling method. The proposed contribution will help SVC spatial scalability be more realistic in many applications of video coding. 
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		1694.7632		32.2036
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Soccer

		rate		Y-PSNR		U-PSNR		V-PSNR

		3338.8115		32.3938

		3348.2352		32.7205

		3390.509		33.1042

		3527.1898		33.7336

		3818.5361		34.5263

		4531.6027		35.5344

		3338.8123		32.5659

		3346.0599		32.9283

		3381.6733		33.296

		3503.4346		33.8734

		3773.5264		34.5976

		4471.0132		35.5601
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Chart1

		23866.9562		23866.9562

		23877.2183		23871.2142

		23950.1243		23916.6838

		24222.7796		24128.4918

		24709.1541		24550.9949

		25623.8215		25377.3302



JSVM 2.0

Adaptive

bit-rate [kbit/s]

Y-PSNR [dB]

30.0266

30.6913

30.7004

31.4171

31.3634

31.9685

32.6088

33.0169

33.9571

34.2686

35.4684

35.7011



Bus

		rate		Y-PSNR		U-PSNR		V-PSNR

		3106.8144		24.4067

		3172.7008		26.2722

		3245.2576		27.5275

		3378.4624		29.0492

		3562.0112		30.6277

		3856.0368		32.5562				JSVM 2.0

		817.1424		24.4236

		879.7248		26.1263

		1089.4928		28.77

		1609.2064		32.236

		2561.4032		36.7555

		3932.4128		41.7484				Proposed

		3105.6912		24.876

		3162.1952		26.4892

		3230.4432		27.7009

		3357.5968		29.1815

		3535.1472		30.7181

		3826.032		32.611				Adaptive
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Foreman

		rate		Y-PSNR		U-PSNR		V-PSNR

		2649.2416		30.1793

		2658.9365		31.4081

		2671.1432		32.0327

		2708.2257		32.8607

		2782.6257		33.9306

		2918.9059		35.364

		544.4246		29.7257

		554.2111		30.8002

		608.9173		32.0846

		851.7308		34.4756

		1483.1514		38.0204

		2613.7703		42.3783

		2647.667		30.5768

		2657.5524		31.6783

		2668.5211		32.1855

		2704.4578		32.9006

		2777.7178		34.0262

		2912.4722		35.3944
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Football

		rate		Y-PSNR		U-PSNR		V-PSNR

		2875.4709		30.6343

		2884.8694		31.2542

		2902.6988		31.8524

		2946.8559		32.962

		3012.1772		34.0884

		3139.8956		35.3733

		672.4528		30.1849

		681.2513		30.7305

		744.1894		32.2552

		976.0931		34.4415

		1618.5872		38.2467

		2662.2975		42.7961

		2875.2403		30.979

		2882.7806		31.5819

		2898.7734		32.1741

		2938.0538		33.2682

		2998.4175		34.3113

		3119.9616		35.5287
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Mobile

		rate		Y-PSNR		U-PSNR		V-PSNR

		8287.2872		22.1041

		8519.9576		23.4468

		8861.412		24.7522

		9463.6		26.5865

		10218.86		28.5784

		11305.6152		31.0021

		2792.2184		22.1337

		3017.7512		23.4151

		3978.9032		26.4987

		5899.2488		30.9226

		8913.7184		36.0511

		12837.1392		41.4727

		8281.3704		22.5307

		8478.588		23.655

		8795.6496		24.845

		9388.3648		26.6155

		10143.4912		28.598

		11222.1088		31.0107
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City

		rate		Y-PSNR		U-PSNR		V-PSNR

		21478.349		28.8839

		21548.3299		29.9449

		21687.1272		30.6834

		22057.196		31.7638

		22715.9541		33.0376

		23934.298		34.5833

		4667.0888		28.5597

		4734.2336		29.5612

		5259.4632		31.1902

		7450.24		33.8553

		12775.6976		37.7676

		21184.4504		42.3336

		21472.1613		29.1959

		21535.4617		30.4223

		21653.6843		31.1247

		21979.9297		32.0953

		22585.9844		33.2602

		23747.222		34.7309

										`
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Crew

		rate		Y-PSNR		U-PSNR		V-PSNR

		18716.1471		35.7696

		18722.0883		36.3188

		18735.3511		36.7297

		18778.9458		37.3269

		18869.2574		38.0185

		19075.014		38.7304

		2955.352		34.7683

		2960.964		35.1947

		3020.0448		35.9244

		3431.9648		37.0217

		5948.132		39.406

		12585.2328		43.2118

		18716.0577		36.0519

		18720.6693		36.6435

		18731.52		37.0707

		18767.2566		37.6193

		18846.3374		38.2812

		19031.9726		38.9355
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Harbour

		rate		Y-PSNR		U-PSNR		V-PSNR

		23866.9562		30.0266

		23877.2183		30.7004

		23950.1243		31.3634

		24222.7796		32.6088

		24709.1541		33.9571

		25623.8215		35.4684

		5902.572		29.7059

		5909.98		30.3289

		6248.4544		31.9048

		7945.7648		34.4512

		12628.9488		38.0374

		20755.3592		42.3159

		23866.9562		30.6913

		23871.2142		31.4171

		23916.6838		31.9685

		24128.4918		33.0169

		24550.9949		34.2686

		25377.3302		35.7011





Harbour

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



JSVM 2.0

Adaptive

bit-rate [kbit/s]

Y-PSNR [dB]

0

0

0

0

0

0

0

0

0

0

0

0



Tempete

		rate		Y-PSNR		U-PSNR		V-PSNR

		3354.6182		26.0203

		3378.0552		26.7638

		3431.85		27.5859

		3560.2232		28.9055

		3757.56		30.4884

		4076.3223		32.4987

		3354.4039		26.4673

		3373.5959		27.1084

		3420.8073		27.8323

		3539.8318		29.0589

		3729.0713		30.5648

		4045.11		32.5347
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Soccer

		rate		Y-PSNR		U-PSNR		V-PSNR

		3338.8115		32.3938

		3348.2352		32.7205

		3390.509		33.1042

		3527.1898		33.7336

		3818.5361		34.5263

		4531.6027		35.5344

		3338.8123		32.5659

		3346.0599		32.9283

		3381.6733		33.296

		3503.4346		33.8734

		3773.5264		34.5976

		4471.0132		35.5601
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		626.1721		624.997

		1559.2107		1551.7095

		2372.1777		2363.9702

		3541.6905		3533.9589

		4854.997		4849.146

		6687.625		6688.7533



JSVM 2.0
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22.8259

22.8399

25.7865

25.7785
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31.6533

31.6369

33.7042

33.6881



Bus

		rate		Y-PSNR		U-PSNR		V-PSNR

		114.736		21.218

		286.1984		24.3145

		426.4912		26.0215

		637.3008		27.9998

		890.1072		29.9336

		1248.752		32.1497				JSVM 2.0

		817.1424		24.4236

		879.7248		26.1263

		1089.4928		28.77

		1609.2064		32.236

		2561.4032		36.7555

		3932.4128		41.7484				Proposed

		114.128		21.2288

		285.504		24.3055

		426.0416		26.0133

		637.0352		27.9872

		889.712		29.9274

		1249.0768		32.1462				Adaptive
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Foreman

		rate		Y-PSNR		U-PSNR		V-PSNR

		79.1246		24.5774

		151.8519		27.0496

		225.7459		28.7612

		340.2332		30.5998

		481.5178		32.3187

		690.9024		34.2189

		544.4246		29.7257

		554.2111		30.8002

		608.9173		32.0846

		851.7308		34.4756

		1483.1514		38.0204

		2613.7703		42.3783

		78.7354		24.6824

		149.2549		26.9931

		224.503		28.7183

		339.6641		30.5722

		481.6557		32.3154

		689.7316		34.2184
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Football

		rate		Y-PSNR		U-PSNR		V-PSNR

		94.9537		24.6037

		178.6697		27.0906

		258.0619		28.6287

		387.2897		30.4101

		548.8772		32.1116

		791.4347		34.0602

		672.4528		30.1849

		681.2513		30.7305

		744.1894		32.2552

		976.0931		34.4415

		1618.5872		38.2467

		2662.2975		42.7961

		94.65		24.6991

		177.2794		27.0569

		256.9706		28.6059

		386.5566		30.3796

		549.5419		32.0969

		792.6375		34.0456
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Mobile

		rate		Y-PSNR		U-PSNR		V-PSNR

		630.3496		18.9724

		1286.6632		22.0097

		1867.3464		23.9041

		2712.6712		26.2022

		3597.0152		28.467

		4775.9912		31.0445

		2792.2184		22.1337

		3017.7512		23.4151

		3978.9032		26.4987

		5899.2488		30.9226

		8913.7184		36.0511

		12837.1392		41.4727

		633.3928		18.9807

		1289.8032		21.9975

		1871.88		23.8917

		2716.5704		26.1876

		3604.5688		28.4621

		4787.8752		31.04
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City

		rate		Y-PSNR		U-PSNR		V-PSNR

		346.0574		24.0085

		985.6913		26.1449

		1689.2158		27.7856

		2783.9573		29.6633

		4118.1874		31.4559

		6059.6867		33.4765

		4667.0888		28.5597

		4734.2336		29.5612

		5259.4632		31.1902

		7450.24		33.8553

		12775.6976		37.7676

		21184.4504		42.3336

		344.5329		24.0398

		978.1981		26.1285

		1684.0413		27.7689

		2784.9479		29.6594

		4119.9479		31.4539

		6056.8349		33.4713

										`
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Crew

		rate		Y-PSNR		U-PSNR		V-PSNR

		3973.626		37.8298

		3973.626		37.8298

		3973.626		37.8298

		3973.626		37.8298

		3973.626		37.8298

		3973.626		37.8298

		2955.352		34.7683

		2960.964		35.1947

		3020.0448		35.9244

		3431.9648		37.0217

		5948.132		39.406

		12585.2328		43.2118

		18716.0577		36.0519

		18720.6693		36.6435

		18731.52		37.0707

		18767.2566		37.6193

		18846.3374		38.2812

		19031.9726		38.9355
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Harbour

		rate		Y-PSNR		U-PSNR		V-PSNR

		626.1721		22.8259

		1559.2107		25.7865

		2372.1777		27.7291

		3541.6905		29.7911

		4854.997		31.6533

		6687.625		33.7042

		5902.572		29.7059

		5909.98		30.3289

		6248.4544		31.9048

		7945.7648		34.4512

		12628.9488		38.0374

		20755.3592		42.3159

		624.997		22.8399

		1551.7095		25.7785

		2363.9702		27.7212

		3533.9589		29.7776

		4849.146		31.6369

		6688.7533		33.6881
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Tempete

		rate		Y-PSNR		U-PSNR		V-PSNR

		142.1598		21.4804

		307.7266		24.0984

		467.1402		25.7383

		722.8452		27.7487

		1017.9182		29.7726

		1428.4671		32.1244

		142.0896		21.5111

		306.5738		24.0849

		465.8427		25.7188

		721.5809		27.7287

		1017.443		29.7621

		1429.4154		32.128
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Soccer

		rate		Y-PSNR		U-PSNR		V-PSNR

		300.898		27.1919

		568.3232		28.8029

		896.073		30.0634

		1483.32		31.5981

		2294.4878		33.165

		3611.28		34.965

		300.2907		27.2307

		562.4617		28.7948

		889.7879		30.0547

		1476.9745		31.5851

		2290.2821		33.1546

		3608.7254		34.957
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		817.9376		816.904

		885.5712		875.0704

		960.904		946.6256

		1101.1888		1082.7248

		1299.4432		1281.8432

		1623.2928		1609.4112
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24.2324

24.6513

26.053

26.2052

27.2634

27.3595
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28.7759

30.2872

30.2927
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Bus

		rate		Y-PSNR		U-PSNR		V-PSNR

		817.9376		24.2324

		885.5712		26.053

		960.904		27.2634

		1101.1888		28.7357

		1299.4432		30.2872

		1623.2928		32.2368				JSVM 2.0

		817.1424		24.4236

		879.7248		26.1263

		1089.4928		28.77

		1609.2064		32.236

		2561.4032		36.7555

		3932.4128		41.7484				Proposed

		816.904		24.6513

		875.0704		26.2052

		946.6256		27.3595

		1082.7248		28.7759

		1281.8432		30.2927

		1609.4112		32.2343				Adaptive
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Foreman

		rate		Y-PSNR		U-PSNR		V-PSNR

		544.9897		29.7365

		554.9384		30.8552

		567.9511		31.3959

		610.2138		32.1536

		693.0803		33.1486

		851.6254		34.513

		544.4246		29.7257

		554.2111		30.8002

		608.9173		32.0846

		851.7308		34.4756

		1483.1514		38.0204

		2613.7703		42.3783

		543.4614		30.0873

		553.5105		31.0421

		565.6524		31.4808

		606.1241		32.1412

		690.0722		33.1324

		851.4203		34.475
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Football

		rate		Y-PSNR		U-PSNR		V-PSNR

		672.6216		30.0847

		682.5656		30.6426

		701.8294		31.1824

		749.2294		32.1507

		825.3562		33.1551

		986.2059		34.4397

		672.4528		30.1849

		681.2513		30.7305

		744.1894		32.2552

		976.0931		34.4415

		1618.5872		38.2467

		2662.2975		42.7961

		672.3909		30.3375

		680.4516		30.8546

		697.7391		31.366

		741.4819		32.2952

		815.0044		33.2026

		974.5416		34.4438
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Mobile

		rate		Y-PSNR		U-PSNR		V-PSNR

		2796.3248		21.962

		3039.864		23.3188

		3395.5912		24.6339

		4025.6432		26.4747

		4814.4464		28.4796

		5953.4728		30.9279

		2792.2184		22.1337

		3017.7512		23.4151

		3978.9032		26.4987

		5899.2488		30.9226

		8913.7184		36.0511

		12837.1392		41.4727

		2790.9664		22.3549

		2999.5592		23.4835

		3334.7104		24.6812

		3966.8096		26.4778

		4760.3264		28.4834

		5898.9976		30.9194
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City

		rate		Y-PSNR		U-PSNR		V-PSNR

		4667.3984		28.5087

		4740.418		29.4513

		4891.6881		30.1261

		5304.6298		31.1293

		6061.854		32.3251

		7537.2435		33.8585

		4667.0888		28.5597

		4734.2336		29.5612

		5259.4632		31.1902

		7450.24		33.8553

		12775.6976		37.7676

		21184.4504		42.3336

		4662.2352		28.7071

		4727.8228		29.7584

		4861.4166		30.3599

		5243.4652		31.2535

		5969.6005		32.3693

		7433.5256		33.8571

										`
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Crew

		rate		Y-PSNR		U-PSNR		V-PSNR

		2959.9812		34.7373

		2966.2728		35.1513

		2981.1769		35.4586

		3031.5519		35.9053

		3144.3133		36.4197

		3452.6803		37.0457

		2955.352		34.7683

		2960.964		35.1947

		3020.0448		35.9244

		3431.9648		37.0217

		5948.132		39.406

		12585.2328		43.2118

		2959.8999		34.8943

		2965.084		35.316

		2977.5656		35.6154

		3021.5694		36.0179

		3125.1431		36.4867

		3422.8977		37.0622
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Harbour

		rate		Y-PSNR		U-PSNR		V-PSNR

		5901.8166		29.4937

		5914.0518		30.0862

		5999.7568		30.6993

		6309.269		31.8243

		6883.3925		33.0296

		8065.1106		34.4701

		5902.572		29.7059

		5909.98		30.3289

		6248.4544		31.9048

		7945.7648		34.4512

		12628.9488		38.0374

		20755.3592		42.3159

		5901.8166		30.0177

		5907.2448		30.6198

		5962.647		31.1034

		6213.9125		32.0284

		6732.3278		33.1093

		7860.3608		34.4449
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Tempete

		rate		Y-PSNR		U-PSNR		V-PSNR

		930.2004		25.7732

		955.0843		26.4962

		1012.103		27.306

		1149.1784		28.611

		1361.8666		30.1857

		1711.1646		32.2125

		929.9716		26.1489

		950.6545		26.768

		1001.7938		27.4766

		1131.4088		28.6835

		1340.7016		30.1847

		1694.7632		32.2036
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Soccer

		rate		Y-PSNR		U-PSNR		V-PSNR

		3338.8115		32.3938

		3348.2352		32.7205

		3390.509		33.1042

		3527.1898		33.7336

		3818.5361		34.5263

		4531.6027		35.5344

		3338.8123		32.5659

		3346.0599		32.9283

		3381.6733		33.296

		3503.4346		33.8734

		3773.5264		34.5976

		4471.0132		35.5601
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		930.2004		929.9716

		955.0843		950.6545

		1012.103		1001.7938

		1149.1784		1131.4088

		1361.8666		1340.7016

		1711.1646		1694.7632
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bit-rate [kbit/s]

Y-PSNR [dB]

25.7732

26.1489

26.4962

26.768

27.306

27.4766

28.611

28.6835

30.1857

30.1847

32.2125

32.2036



Bus

		rate		Y-PSNR		U-PSNR		V-PSNR

		817.9376		24.2324

		885.5712		26.053

		960.904		27.2634

		1101.1888		28.7357

		1299.4432		30.2872

		1623.2928		32.2368				JSVM 2.0

		817.1424		24.4236

		879.7248		26.1263

		1089.4928		28.77

		1609.2064		32.236

		2561.4032		36.7555

		3932.4128		41.7484				Proposed

		816.904		24.6513

		875.0704		26.2052

		946.6256		27.3595

		1082.7248		28.7759

		1281.8432		30.2927

		1609.4112		32.2343				Adaptive
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Foreman

		rate		Y-PSNR		U-PSNR		V-PSNR

		544.9897		29.7365

		554.9384		30.8552

		567.9511		31.3959

		610.2138		32.1536

		693.0803		33.1486

		851.6254		34.513

		544.4246		29.7257

		554.2111		30.8002

		608.9173		32.0846

		851.7308		34.4756

		1483.1514		38.0204

		2613.7703		42.3783

		543.4614		30.0873

		553.5105		31.0421

		565.6524		31.4808

		606.1241		32.1412

		690.0722		33.1324

		851.4203		34.475
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Football

		rate		Y-PSNR		U-PSNR		V-PSNR

		672.6216		30.0847

		682.5656		30.6426

		701.8294		31.1824

		749.2294		32.1507

		825.3562		33.1551

		986.2059		34.4397

		672.4528		30.1849

		681.2513		30.7305

		744.1894		32.2552

		976.0931		34.4415

		1618.5872		38.2467

		2662.2975		42.7961

		672.3909		30.3375

		680.4516		30.8546

		697.7391		31.366

		741.4819		32.2952

		815.0044		33.2026

		974.5416		34.4438
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Mobile

		rate		Y-PSNR		U-PSNR		V-PSNR

		2796.3248		21.962

		3039.864		23.3188

		3395.5912		24.6339

		4025.6432		26.4747

		4814.4464		28.4796

		5953.4728		30.9279

		2792.2184		22.1337

		3017.7512		23.4151

		3978.9032		26.4987

		5899.2488		30.9226

		8913.7184		36.0511

		12837.1392		41.4727

		2790.9664		22.3549

		2999.5592		23.4835

		3334.7104		24.6812

		3966.8096		26.4778

		4760.3264		28.4834

		5898.9976		30.9194
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City

		rate		Y-PSNR		U-PSNR		V-PSNR

		4667.3984		28.5087

		4740.418		29.4513

		4891.6881		30.1261

		5304.6298		31.1293

		6061.854		32.3251

		7537.2435		33.8585

		4667.0888		28.5597

		4734.2336		29.5612

		5259.4632		31.1902

		7450.24		33.8553

		12775.6976		37.7676

		21184.4504		42.3336

		4662.2352		28.7071

		4727.8228		29.7584

		4861.4166		30.3599

		5243.4652		31.2535

		5969.6005		32.3693

		7433.5256		33.8571

										`
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Crew

		rate		Y-PSNR		U-PSNR		V-PSNR

		2959.9812		34.7373

		2966.2728		35.1513

		2981.1769		35.4586

		3031.5519		35.9053

		3144.3133		36.4197

		3452.6803		37.0457

		2955.352		34.7683

		2960.964		35.1947

		3020.0448		35.9244

		3431.9648		37.0217

		5948.132		39.406

		12585.2328		43.2118

		2959.8999		34.8943

		2965.084		35.316

		2977.5656		35.6154

		3021.5694		36.0179

		3125.1431		36.4867

		3422.8977		37.0622
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Harbour

		rate		Y-PSNR		U-PSNR		V-PSNR

		5901.8166		29.4937

		5914.0518		30.0862

		5999.7568		30.6993

		6309.269		31.8243

		6883.3925		33.0296

		8065.1106		34.4701

		5902.572		29.7059

		5909.98		30.3289

		6248.4544		31.9048

		7945.7648		34.4512

		12628.9488		38.0374

		20755.3592		42.3159

		5901.8166		30.0177

		5907.2448		30.6198

		5962.647		31.1034

		6213.9125		32.0284

		6732.3278		33.1093

		7860.3608		34.4449
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Tempete

		rate		Y-PSNR		U-PSNR		V-PSNR

		930.2004		25.7732

		955.0843		26.4962

		1012.103		27.306

		1149.1784		28.611

		1361.8666		30.1857

		1711.1646		32.2125

		929.9716		26.1489

		950.6545		26.768

		1001.7938		27.4766

		1131.4088		28.6835

		1340.7016		30.1847

		1694.7632		32.2036
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Soccer

		rate		Y-PSNR		U-PSNR		V-PSNR

		3338.8115		32.3938

		3348.2352		32.7205

		3390.509		33.1042

		3527.1898		33.7336

		3818.5361		34.5263

		4531.6027		35.5344

		3338.8123		32.5659

		3346.0599		32.9283

		3381.6733		33.296

		3503.4346		33.8734

		3773.5264		34.5976

		4471.0132		35.5601
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		2796.3248		2790.9664

		3039.864		2999.5592

		3395.5912		3334.7104

		4025.6432		3966.8096

		4814.4464		4760.3264

		5953.4728		5898.9976



JSVM 2.0

Adaptive

bit-rate [kbit/s]

Y-PSNR [dB]

21.962

22.3549

23.3188

23.4835

24.6339

24.6812

26.4747

26.4778

28.4796

28.4834

30.9279

30.9194



Bus

		rate		Y-PSNR		U-PSNR		V-PSNR

		817.9376		24.2324

		885.5712		26.053

		960.904		27.2634

		1101.1888		28.7357

		1299.4432		30.2872

		1623.2928		32.2368				JSVM 2.0

		817.1424		24.4236

		879.7248		26.1263

		1089.4928		28.77

		1609.2064		32.236

		2561.4032		36.7555

		3932.4128		41.7484				Proposed

		816.904		24.6513

		875.0704		26.2052

		946.6256		27.3595

		1082.7248		28.7759

		1281.8432		30.2927

		1609.4112		32.2343				Adaptive
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Foreman

		rate		Y-PSNR		U-PSNR		V-PSNR

		544.9897		29.7365

		554.9384		30.8552

		567.9511		31.3959

		610.2138		32.1536

		693.0803		33.1486

		851.6254		34.513

		544.4246		29.7257

		554.2111		30.8002

		608.9173		32.0846

		851.7308		34.4756

		1483.1514		38.0204

		2613.7703		42.3783

		543.4614		30.0873

		553.5105		31.0421

		565.6524		31.4808

		606.1241		32.1412

		690.0722		33.1324

		851.4203		34.475
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Football

		rate		Y-PSNR		U-PSNR		V-PSNR

		672.6216		30.0847

		682.5656		30.6426

		701.8294		31.1824

		749.2294		32.1507

		825.3562		33.1551

		986.2059		34.4397

		672.4528		30.1849

		681.2513		30.7305

		744.1894		32.2552

		976.0931		34.4415

		1618.5872		38.2467

		2662.2975		42.7961

		672.3909		30.3375

		680.4516		30.8546

		697.7391		31.366

		741.4819		32.2952

		815.0044		33.2026

		974.5416		34.4438
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Mobile

		rate		Y-PSNR		U-PSNR		V-PSNR

		2796.3248		21.962

		3039.864		23.3188

		3395.5912		24.6339

		4025.6432		26.4747

		4814.4464		28.4796

		5953.4728		30.9279

		2792.2184		22.1337

		3017.7512		23.4151

		3978.9032		26.4987

		5899.2488		30.9226

		8913.7184		36.0511

		12837.1392		41.4727

		2790.9664		22.3549

		2999.5592		23.4835

		3334.7104		24.6812

		3966.8096		26.4778

		4760.3264		28.4834

		5898.9976		30.9194
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City

		rate		Y-PSNR		U-PSNR		V-PSNR

		4667.3984		28.5087

		4740.418		29.4513

		4891.6881		30.1261

		5304.6298		31.1293

		6061.854		32.3251

		7537.2435		33.8585

		4667.0888		28.5597

		4734.2336		29.5612

		5259.4632		31.1902

		7450.24		33.8553

		12775.6976		37.7676

		21184.4504		42.3336

		4662.2352		28.7071

		4727.8228		29.7584

		4861.4166		30.3599

		5243.4652		31.2535

		5969.6005		32.3693

		7433.5256		33.8571
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Crew

		rate		Y-PSNR		U-PSNR		V-PSNR

		2959.9812		34.7373

		2966.2728		35.1513

		2981.1769		35.4586

		3031.5519		35.9053

		3144.3133		36.4197

		3452.6803		37.0457

		2955.352		34.7683

		2960.964		35.1947

		3020.0448		35.9244

		3431.9648		37.0217

		5948.132		39.406

		12585.2328		43.2118

		2959.8999		34.8943

		2965.084		35.316

		2977.5656		35.6154

		3021.5694		36.0179

		3125.1431		36.4867

		3422.8977		37.0622
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Harbour

		rate		Y-PSNR		U-PSNR		V-PSNR

		5901.8166		29.4937

		5914.0518		30.0862

		5999.7568		30.6993

		6309.269		31.8243

		6883.3925		33.0296

		8065.1106		34.4701

		5902.572		29.7059

		5909.98		30.3289

		6248.4544		31.9048

		7945.7648		34.4512

		12628.9488		38.0374

		20755.3592		42.3159

		5901.8166		30.0177

		5907.2448		30.6198

		5962.647		31.1034

		6213.9125		32.0284

		6732.3278		33.1093

		7860.3608		34.4449
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Tempete

		rate		Y-PSNR		U-PSNR		V-PSNR

		930.2004		25.7732

		955.0843		26.4962

		1012.103		27.306

		1149.1784		28.611

		1361.8666		30.1857

		1711.1646		32.2125

		929.9716		26.1489

		950.6545		26.768

		1001.7938		27.4766

		1131.4088		28.6835

		1340.7016		30.1847

		1694.7632		32.2036
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Soccer

		rate		Y-PSNR		U-PSNR		V-PSNR

		3338.8115		32.3938

		3348.2352		32.7205

		3390.509		33.1042

		3527.1898		33.7336

		3818.5361		34.5263

		4531.6027		35.5344

		3338.8123		32.5659

		3346.0599		32.9283

		3381.6733		33.296

		3503.4346		33.8734

		3773.5264		34.5976

		4471.0132		35.5601
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		4667.3984		4662.2352

		4740.418		4727.8228

		4891.6881		4861.4166

		5304.6298		5243.4652

		6061.854		5969.6005

		7537.2435		7433.5256
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Adaptive

bit-rate [kbit/s]

Y-PSNR [dB]

28.5087
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29.4513

29.7584

30.1261

30.3599

31.1293

31.2535

32.3251

32.3693

33.8585

33.8571



Bus

		rate		Y-PSNR		U-PSNR		V-PSNR

		817.9376		24.2324

		885.5712		26.053

		960.904		27.2634

		1101.1888		28.7357

		1299.4432		30.2872

		1623.2928		32.2368				JSVM 2.0

		817.1424		24.4236

		879.7248		26.1263

		1089.4928		28.77

		1609.2064		32.236

		2561.4032		36.7555

		3932.4128		41.7484				Proposed

		816.904		24.6513

		875.0704		26.2052

		946.6256		27.3595

		1082.7248		28.7759

		1281.8432		30.2927

		1609.4112		32.2343				Adaptive
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Foreman

		rate		Y-PSNR		U-PSNR		V-PSNR

		544.9897		29.7365

		554.9384		30.8552

		567.9511		31.3959

		610.2138		32.1536

		693.0803		33.1486

		851.6254		34.513

		544.4246		29.7257

		554.2111		30.8002

		608.9173		32.0846

		851.7308		34.4756

		1483.1514		38.0204

		2613.7703		42.3783

		543.4614		30.0873

		553.5105		31.0421

		565.6524		31.4808

		606.1241		32.1412

		690.0722		33.1324

		851.4203		34.475
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Football

		rate		Y-PSNR		U-PSNR		V-PSNR

		672.6216		30.0847

		682.5656		30.6426

		701.8294		31.1824

		749.2294		32.1507

		825.3562		33.1551

		986.2059		34.4397

		672.4528		30.1849

		681.2513		30.7305

		744.1894		32.2552

		976.0931		34.4415

		1618.5872		38.2467

		2662.2975		42.7961

		672.3909		30.3375

		680.4516		30.8546

		697.7391		31.366

		741.4819		32.2952

		815.0044		33.2026

		974.5416		34.4438
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Mobile

		rate		Y-PSNR		U-PSNR		V-PSNR

		2796.3248		21.962

		3039.864		23.3188

		3395.5912		24.6339

		4025.6432		26.4747

		4814.4464		28.4796

		5953.4728		30.9279

		2792.2184		22.1337

		3017.7512		23.4151

		3978.9032		26.4987

		5899.2488		30.9226

		8913.7184		36.0511

		12837.1392		41.4727

		2790.9664		22.3549

		2999.5592		23.4835

		3334.7104		24.6812

		3966.8096		26.4778

		4760.3264		28.4834

		5898.9976		30.9194





Mobile

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



JSVM 2.0

Adaptive

bit-rate [kbit/s]

Y-PSNR [dB]

0

0

0

0

0

0

0

0

0

0

0

0



City

		rate		Y-PSNR		U-PSNR		V-PSNR

		4667.3984		28.5087

		4740.418		29.4513

		4891.6881		30.1261

		5304.6298		31.1293

		6061.854		32.3251

		7537.2435		33.8585

		4667.0888		28.5597

		4734.2336		29.5612

		5259.4632		31.1902

		7450.24		33.8553

		12775.6976		37.7676

		21184.4504		42.3336

		4662.2352		28.7071

		4727.8228		29.7584

		4861.4166		30.3599

		5243.4652		31.2535

		5969.6005		32.3693

		7433.5256		33.8571

										`





City

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



JSVM 2.0

Adaptive

bit-rate [kbit/s]

Y-PSNR [dB]

0

0

0

0

0

0

0

0

0

0

0

0



Crew

		rate		Y-PSNR		U-PSNR		V-PSNR

		2959.9812		34.7373

		2966.2728		35.1513

		2981.1769		35.4586

		3031.5519		35.9053

		3144.3133		36.4197

		3452.6803		37.0457

		2955.352		34.7683

		2960.964		35.1947

		3020.0448		35.9244

		3431.9648		37.0217

		5948.132		39.406

		12585.2328		43.2118

		2959.8999		34.8943

		2965.084		35.316

		2977.5656		35.6154

		3021.5694		36.0179

		3125.1431		36.4867

		3422.8977		37.0622





Crew
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Harbour

		rate		Y-PSNR		U-PSNR		V-PSNR

		5901.8166		29.4937

		5914.0518		30.0862

		5999.7568		30.6993

		6309.269		31.8243

		6883.3925		33.0296

		8065.1106		34.4701

		5902.572		29.7059

		5909.98		30.3289

		6248.4544		31.9048

		7945.7648		34.4512

		12628.9488		38.0374

		20755.3592		42.3159

		5901.8166		30.0177

		5907.2448		30.6198

		5962.647		31.1034

		6213.9125		32.0284

		6732.3278		33.1093

		7860.3608		34.4449
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Tempete

		rate		Y-PSNR		U-PSNR		V-PSNR

		930.2004		25.7732

		955.0843		26.4962

		1012.103		27.306

		1149.1784		28.611

		1361.8666		30.1857

		1711.1646		32.2125

		929.9716		26.1489

		950.6545		26.768

		1001.7938		27.4766

		1131.4088		28.6835

		1340.7016		30.1847

		1694.7632		32.2036
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Soccer

		rate		Y-PSNR		U-PSNR		V-PSNR

		3338.8115		32.3938

		3348.2352		32.7205

		3390.509		33.1042

		3527.1898		33.7336

		3818.5361		34.5263

		4531.6027		35.5344

		3338.8123		32.5659

		3346.0599		32.9283

		3381.6733		33.296

		3503.4346		33.8734

		3773.5264		34.5976

		4471.0132		35.5601
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		370.6116		370.4456

		382.2262		380.2931

		407.7928		403.9022

		472.0387		466.9903

		594.4341		590.2669

		825.135		824.4609



JSVM 2.0

Adaptive

bit-rate [kbit/s]

Y-PSNR [dB]

29.1738

29.3207

29.6386

29.7341

30.1464

30.1762

31.0535

31.0786

32.2011

32.183

33.9906

33.9649



Bus

		rate		Y-PSNR		U-PSNR		V-PSNR

		482.7744		23.9027

		554.2592		25.636

		637.8624		26.7874

		801.488		28.2596

		1039.432		29.9298

		1405.3376		32.0879				JSVM 2.0

		481.9296		24.0496

		549.0048		25.6599

		631.1792		26.7957

		793.44		28.2488

		1033.1104		29.915

		1401.784		32.0802				Proposed

		481.5264		24.2169

		545.0848		25.6979

		626.0592		26.7867

		791.0704		28.2383

		1032.8112		29.9119

		1402.3216		32.0786				Adaptive





Bus
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Foreman

		rate		Y-PSNR		U-PSNR		V-PSNR

		305.3432		29.0364

		316.0241		29.9594

		332.8743		30.4113

		391.6849		31.1632

		509.4908		32.3188

		723.9568		34.0817

		304.7668		28.979

		315.5927		29.8702

		331.9541		30.2992

		393.4435		31.0826

		513.7597		32.292

		731.5062		34.0547

		303.8416		29.2629

		314.9635		30.0462

		331.0897		30.4217

		389.3481		31.1119

		510.5716		32.2705

		730.4181		34.0509





Foreman
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Football

		rate		Y-PSNR		U-PSNR		V-PSNR

		370.6116		29.1738

		382.2262		29.6386

		407.7928		30.1464

		472.0387		31.0535

		594.4341		32.2011

		825.135		33.9906

		370.5019		29.2203

		380.8997		29.6595

		404.5359		30.1179

		469.4109		31.0599

		592.5656		32.1832

		826.2947		33.9691

		370.4456		29.3207

		380.2931		29.7341

		403.9022		30.1762

		466.9903		31.0786

		590.2669		32.183

		824.4609		33.9649
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Mobile

		rate		Y-PSNR		U-PSNR		V-PSNR

		1812.7192		21.685

		2081.5256		23.05

		2476.248		24.3844

		3181.2632		26.2664

		4041.1808		28.3513

		5247.424		30.8829

		1809.4632		21.8117

		2064.0312		23.1021

		2452.3024		24.4002

		3155.0464		26.2615

		4017.0288		28.3361

		5231.8688		30.8709

		1808.1456		21.9745

		2047.9504		23.1261

		2434.2696		24.3712

		3153.0032		26.2566

		4016.8848		28.335

		5232.3192		30.8675





Mobile

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



JSVM 2.0

Adaptive

bit-rate [kbit/s]

Y-PSNR [dB]

0

0

0

0

0

0

0

0

0

0

0

0



City

		rate		Y-PSNR		U-PSNR		V-PSNR

		2527.2991		27.8611

		2608.7855		28.6336

		2795.3597		29.2207

		3359.0545		30.2112

		4467.4107		31.5843

		6419.6303		33.4901

		2525.9976		27.8806

		2602.3071		28.6773

		2778.7933		29.2452

		3331.3007		30.2048

		4444.4843		31.5651

		6410.8236		33.4702

		2523.6346		27.9588

		2598.2787		28.7509

		2773.945		29.2875

		3321.1224		30.2209

		4430.4677		31.5626

		6404.4475		33.4659
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Crew

		rate		Y-PSNR		U-PSNR		V-PSNR

		1568.0658		33.4191

		1577.6577		33.6945

		1608.0185		33.9029

		1712.4322		34.2703

		2007.1409		34.9557

		2791.2974		36.2754

		1568.0191		33.4205

		1576.9401		33.6968

		1605.7313		33.8959

		1708.7613		34.2437

		2008.8435		34.9262

		2804.8969		36.2494

		1567.9933		33.5194

		1576.7605		33.7856

		1605.0958		33.9781

		1704.6862		34.3083

		1994.2325		34.9576

		2783.8703		36.2498

		2746		43.07

		2727		43.05





Crew
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Harbour

		rate		Y-PSNR		U-PSNR		V-PSNR

		3453.7699		28.5878

		3472.7219		29.0438

		3595.196		29.5815

		4054.6268		30.6215

		5037.0298		31.9962

		6823.1887		33.9078

		3453.7643		28.7138

		3466.6816		29.1695

		3569.6247		29.6371

		4007.4427		30.5977

		4996.8701		31.9469

		6804.7546		33.8535

		3453.7635		28.9296

		3464.0585		29.3492

		3554.8309		29.7586

		3969.4856		30.6476

		4934.6682		31.9496

		6735.3077		33.8276





Harbour
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Tempete

		rate		Y-PSNR		U-PSNR		V-PSNR

		562.3071		25.3137

		591.1114		25.9817

		659.347		26.776

		827.708		28.1241

		1084.9055		29.8243

		1484.1273		32.0383

		562.0993		25.5553

		587.205		26.1218

		651.5946		26.836

		817.1234		28.1132

		1076.9791		29.7898

		1481.3641		32.0133
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		554.2592		545.0848

		637.8624		626.0592

		801.488		791.0704

		1039.432		1032.8112

		1405.3376		1402.3216
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23.9027

24.2169
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26.7867

28.2596

28.2383
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29.9119

32.0879

32.0786



Bus

		rate		Y-PSNR		U-PSNR		V-PSNR

		482.7744		23.9027

		554.2592		25.636

		637.8624		26.7874

		801.488		28.2596

		1039.432		29.9298

		1405.3376		32.0879				JSVM 2.0

		481.9296		24.0496

		549.0048		25.6599

		631.1792		26.7957

		793.44		28.2488

		1033.1104		29.915

		1401.784		32.0802				Proposed

		481.5264		24.2169

		545.0848		25.6979

		626.0592		26.7867

		791.0704		28.2383

		1032.8112		29.9119

		1402.3216		32.0786				Adaptive
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Foreman

		rate		Y-PSNR		U-PSNR		V-PSNR

		305.3432		29.0364

		316.0241		29.9594

		332.8743		30.4113

		391.6849		31.1632

		509.4908		32.3188

		723.9568		34.0817

		304.7668		28.979

		315.5927		29.8702

		331.9541		30.2992

		393.4435		31.0826

		513.7597		32.292

		731.5062		34.0547
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