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1 Overview
Previous submissions to VCEG, e.g. [1], indicated Nokia’s belief that scalable video coding (SVC) has the potential to be an attractive solution to a number of problems facing large-scale deployment of video coders, both within the mobile industry and elsewhere.

To reiterate, we believe there are three requirements that absolutely must be satisfied in order for SVC to become a standard that is viable in the mobile communications marketplace in the near future, specifically:

· The ability to function in a low-delay environment, with minimal loss in coding efficiency compared to a state-of-the-art single-layer low-delay coder;

· Compatibility of a “base layer”, at the extracted bit stream level, with an existing standard; and

· Minimal, if any, loss of coding efficiency compared to single-layer video coders.  The real-world usefulness of a particular feature (e.g. fine granularity of scalability) must be balanced against any efficiency penalty.

To promote further study and acceptance of technology that satisfies the above requirements, the full source code of a scalable video coding system developed by Nokia accompanies this document.

In this framework, an H.264 “base layer” is first encoded, followed by spatial and/or quality enhancement layers.  Temporal scalability is achieved via B-frames within the scope of H.264.

2 Coder structure
Our coder produces an H.264/AVC base layer bit stream, adding scalability layers with associated syntax elements.  An unmodified H.264/AVC decoder can decode the base layer bit stream.  Baseline profile is fully supported, and many aspects of main profile, such as B-frames and CABAC entropy coding, have been incorporated.

The coder is computationally efficient, and is implemented in ANSI C.  It may be compiled under Microsoft Windows (Visual Studio .NET solution file included), or under Linux.

Naturally, the process of producing a H.264/AVC base layer is not the focus of this document, and will not be discussed in detail.  Instead, we confine the discussion to modifications/enhancements necessary to achieve scalability.

2.1 General
At the highest level, the coder traverses the enhancement layers at the frame level, i.e. the base plus all enhancements for one frame are encoded before proceeding to the next frame.  Each layer is given an index, with the base layer starting at zero.  Enhancement layers are encoded with respect to a particular base layer designated by BaseLayerIdx.  This is not necessarily layer zero, neither is it necessarily the same for all enhancement layers.

2.2 Signaling
An SEI message signaling the enhancement layer structure follows the SPS.  This includes the number of enhancement layers and the frame rate of the base layer sequence.  For each enhancement layer, the frame rate and spatial ratios relative to the base layer are encoded.  Only integer ratios are supported.

At the start of each frame, an SEI message is sent specifying how many layers are encoded.  Since it is possible that not all enhancement layers share the same base layer, it is also possible that an enhanced frame may be encoded for one layer and not another.

In the slice header, a NAL header for SNR enhancement layers indicates the motion prediction mode, mode decision type, and mode inheritance (see below).
2.3 Decoded picture buffer
The decoded picture buffer (DPB) is modified so that a reconstructed version of each frame at each indexed layer is maintained, and the base layer index corresponding to each picture is recorded.

2.4 Reference picture list
When constructing the reference picture list, in addition to adding short-term reference frames, all frames in the DPB with a base layer index less than the BaseLayerIdx of the current frame are also added even the frame is marked as non-reference frame. A scheme with standard AVC syntax will be more desirable, but we choose this scheme to make extracting the temporal enhancement layer easier at this phase.

Additionally, in the case of a spatial enhancement layer, an encoder parameter SpatRef indicates whether an upsampled version of the base layer reconstruction is inserted into the RefPicList.  There are three possible settings:

· SpatRef=0, no upsampled reference is used.

· SpatRef=1, the upsampled reference is inserted into the RefPicList list at position 1, i.e. immediately following the neighboring temporal frame.

· SpatRef=2, in addition to the above, the upsampled reference is averaged with a predicted version of the previous temporal frame.  This “averaged spatial reference” is inserted into RefPicList at position 2.

2.5 Motion estimation
A spatially upsampled reference in RefPicList does not have motion vectors associated with it.  Consequently, the motion search range is set to zero for such references.

2.6 Mode selection
When encoding I-slices in spatial enhancement layers, two types of “intra” prediction are defined.  One is the unmodified intra-frame prediction described in H.264/AVC.  Secondly, it is also possible to spatially upsample the lower resolution reconstruction, and use a macroblock from that frame as the predictor for a co-located macroblock in the spatial enhancement layer.  In our implementation, an intra_16x16 mode is redefined to indicate this second type of prediction in an enhancement layer.

For P- and B-slices in quality (SNR) enhancement layers, one additional mode is defined and designated as MODE_INHERIT.  According to this mode, the enhancement layer macroblock and sub-MBs inherit the mode and motion information from the corresponding base layer MB.  With the exception of this additional mode and modifications to RefPicList as described above, mode selection for P- and B-slice enhancements follows the standard H.264/AVC process.

Mode decisions are R(D) optimized for CABAC.

2.7 Entropy coding
See Section 6.

3 Temporal scalability
A first layer of temporal scalability is achieved using B-frames as in H.264/AVC main profile; no syntactic modification is required, as shown in Figure 1.
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Figure 1
Second and subsequent temporal layers also utilize B-frames, but in a hierarchical manner.  According to this approach, higher-layer B-frames may be predicted from lower-layer B-frames in addition to I- and P-frames as shown in Figure 2.
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Figure 2
While simply inserting extra B-frames (Figure 3) would maintain compatibility of not only the base but also the enhancement layer with H.264/AVC, this comes at the expense of prediction accuracy due to increased temporal separation between the B-frames and their references.
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Figure 3
The modified structure of RefPicList permits this change without further syntax changes.  Considering an example, in Figure 1 the I- and P-frames would form layer 0 with BaseLayerIdx=-1.  The B-frames would form layer 1 with BaseLayerIdx=0.  In this case, we see that the above modification does not change how the RefPicList is constructed.  Next consider Figure 2.  Here, the second layer of B-frames would form layer 2 with BaseLayerIdx=1.   In this case, the reconstructed B-frames of layer 1 would be included in the RefPicList.

4 Spatial scalability
Spatial enhancement layers are encoded in much the same way as a non-scalable H.264/AVC sequence, but using a modified reference picture list.  When encoding a given spatial enhancement frame, the base layer reconstruction is upsampled and inserted into the RefPicList as described in Section 2.4.  Motion estimation and mode selection are modified as described in Sections 2.5 and 2.6 respectively.

5 Quality (SNR) scalability
To facilitate SNR scalability, a new approach to “binarization” is used following application of a transform. This binarization scheme basically is way to generate embedded representation of the video sequence starting from a non-scalable base layer.

This binarization process starts with constructing an interval that contains the original value. This interval could be derived from the reconstructed “base layer” transform coefficient as well as the parameters used in the base layer quantization process. 

In subsequent enhancement layers, a predicted value of the coefficient is formulated and serves as one input to the binarization process, along with the reconstructed value from the previous (i.e. next-lower) layer.  The predicted value is computed either by an intra prediction process, or by motion compensating the previous frame reconstructed at the corresponding SNR layer.

Based upon the positions of the original coefficient and the predicted coefficient relative to the interval and to each other, the interval is successively partitioned (and thereby reduced in size) in a manner such that the interval always contains the original value.

We shall provide an overview of the process in bullet form using the following notation:

· CO – original value of the coefficient

· CRk – reconstructed value of coefficient at layer k

· CPk – predicted value of coefficient at layer k

· QPk – quantizer step size at layer k (“quantization parameter”)

· ROk – rounding offset used in quantization at layer k

· L(Ix) – lower bound of interval Ix

· H(Ix) – upper bound of interval Ix

· R(Ix) – range of interval Ix, i.e. H(Ix)-L(Ix)

· M(Ix) – midpoint of interval Ix, i.e. (H(Ix)+L(Ix))/2

5.1 Interval initialization
For the first enhancement layer, an interval is formed around the reconstructed value from the base layer. The size of the interval as well as the position of the reconstructed value within the interval depend on whether the original coefficient was quantized to a zero or non-zero number in the base layer as well as the parameters used in the quantization process. 

If the original coefficient was quantized to a zero value, the interval is formed as 

l1 = (CR0-RO0, CR0+RO0) = (CP0-RO0, CP0+RO0)

Please note in this case the base layer reconstructed value is the same as the base layer predictor, and is located in the middle of the interval. This interval is referred to as a prediction interval.  

If the original coefficient was quantized to a non-zero value, q, in the base layer, a QP-sized interval is formed as 

l1 = [CR0-RO0, CR0+QP-RO0)  = [CP0+q*QP-RO0, CP0+q*QP+QP-RO0), if q > 0

   = (CR0-QP+RO0, CR0+RO0] = (CP0+q*QP-QP+RO0, CP0+q*QP+RO0], if q < 0

This type of interval is named a refinement interval. These two types of intervals are treated differently in coding process.  

5.2 Interval based prediction and quantization
In the base layer encoding, when the predictor is available, the predictor is subtracted from the original, and the quantization process is performed on the prediction residual.

The corresponding processes in the SNR coding are very much the same except that with the help of the interval, it could be precisely determined how the quantization results could vary and an efficient entropy coder could be designed. 

Depending on whether the interval was a prediction interval or refinement interval, the prediction and quantization are performed differently. 

If the interval is a prediction interval, the prediction and quantization is performed as usual:


Q = (CO – CPk’ + ROk’)/QPk
However, the predictor value is adjusted according to the following equation


CPk’ = CPk, if CPk is within the interval


        = L(Ix), if CPk is outside interval and below L(Ix)


        = H(Ix), if CPk is outside interval and above L(Ix)


ROk’ = ROk, if CO >= CPk’


        = -ROk, if CO < CPk’

If the interval is a refinement interval, the prediction and quantization is performed as:


Q = (CO – CPk’)/QPk
Again, the predictor value is adjusted according to the following equation


CPk’ = L(Ix), if CPk is below the mid-level of the interval


        = H(Ix), if CPk is above the mid-level of the interval

5.3 Interval update
If the original interval is a prediction interval, the new interval is computed in a way same to that described in 5.1 for initial prediction interval calculation, except the adjusted predictor CPk’ is used and the final interval is always clipped by the boundary if the new interval is not completely enclosed in the original interval. If the quantized coefficient is non-zero, the new interval becomes a refinement interval, otherwise it remains as a prediction interval.
Figure 4
 gives an example when the new interval is also a prediction interval, and it overlaps with the original interval.


Figure 4 New prediction interval clipped with 

If the original interval is a refinement interval, the original interval is partitioned into intervals of size QPk, starting from the bound closer to the predictor. The new interval will be one where the original actually resides. If the new interval contains a boundary, it is clipped. Figure 5 gives such an example when the new refinement interval overlaps with the original interval.

Updated interval based on the refinement interval is also a refinement interval. 


Figure 5 New prediction interval clipped with 

6 Enhancement layer syntax and entropy coding enhancements
For enhancement layers, most syntax elements are the same as those in original CABAC. Certain syntax elements are inferred from a previously-encoded lower layer, and therefore not encoded into the enhancement layer bit stream.

When forming a luma coded block pattern (CBPY) for the enhancement layer, a bit is only included for those blocks that contained no non-zero coefficients in the base layer.  The context selection when encoding such CBPY values is based on the CBPY of neighboring macroblocks; no new CABAC contexts are defined.

For chroma coded block patterns (CBPC), three cases are distinguished:

· When an equivalent CBPC from the base layer was zero, the enhancement layer CBPC is encoded using the same contexts and context selection method as for the base layer.

· When an equivalent CBPC from the base layer was one, a binary digit is encoded for the enhancement layer to indicate whether the CBPC for the enhancement layer is one or two.  No new CABAC contexts are defined relative to MPEG-4 AVC.

· When an equivalent CBPC from the base layer was two, the CBPC for the enhancement layer is assumed to be two also, but no CBPC value is encoded.

Coded block flags for 4x4 blocks or 2x2 chroma DC blocks are defined based on equivalent base layer coded block flags.  When the CBF for a base layer block was zero, a “Type 1” CBF is coded for the enhancement layer.  This is defined identically to the base layer CBF and utilizes the same CABAC contexts.  When the CBF for a base layer block was one, a “Type 2” CBF is coded for the enhancement layer, unless all coefficients in the base layer block were non-zero.  In this case, no CBF is encoded.  New contexts are defined for Type 2 CBFs; context selection is based on the size of the block, the condition of neighboring blocks, and on the number of non-zero coefficients in the base layer. 

Significance map flags for the enhancement layer are encoded in a similar manner to those for the base layer, with the exception that a significant_coeff_flag is only sent for those coefficients that were zero in the base layer. Similarly last_significant_coeff_flag is sent only when significant_coeff_flag is 1.

Refinement information is sent when a refinement interval is updated. Refinement information could also be sent when the prediction interval becomes a refinement interval, and there are multiple refinement intervals outside the new prediction interval. In either case, the refinement bits are the results of unary binarization of the refinement interval index. Refinement information is encoded in a separate context.

Enhancement layer data is encoded using H.264/AVC’s CABAC engine.  For this purpose, approximately 75 new CABAC contexts are defined. However, considerable simplification would be possible with further investigation.

Results
In this section, we present PSNR results for four CIF 30FPS sequences.  Only those video sequences provided by MPEG are used, i.e., we do not use any other downsampling filter for generating the low-resolution videos. The test points correspond to the testing conditions described in [2]; the drop in PSNR experienced by all coders from the second to the third test points is due to a change in resolution from QCIF to CIF.

For comparison purposes, the results of [1] are reproduced.  To summarize the modifications implemented since July:

· CABAC-based R(D) optimization introduced

· Mode inheritance for SNR enhancement layers

· Separate mode decision (optional) for SNR enhancement layers

· Subtle improvements to the “binarization” process

An improvement of approximately 0.5 dB at high rate is seen for most sequences, with nearly 2 dB for mobile.  The curves designated as “HHI latest” were produced using the software HHI made available following the Redmond meeting [3], as amended through 9 September.  It can be seen that the straightforward improvements outlined above yield nearly identical results to HHI for bus and foreman, somewhat better for football and somewhat worse for mobile.
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Bus

29.992
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Bus

		

		Bus Oct. 2004 (Nokia SVC)												Bus Jul.. 2004 (Nokia SVC)								Bus (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		2588		38.7		32.003		39.381		40.252

		1776		53		31.045		39.22		40.173												With MPEG sequences

		1064		63.3		29.992		39.126		40.114				62.3		29.419						62.29		29.37		38.80		40.12

		806		95.4		30.163		39.147		40.13				97.4		29.588						95.98		29.66		39.05		40.39

		1612		191.2		27.073		37.836		39.199				196		26.545						191.65		27.09		37.84		39.44

		3201		381.2		30.542		39.151		40.733				378.2		29.811						385.65		30.47		38.95		40.95

		2153		511.9		30.664		39.137		40.72				514.5		30.115						508.34		30.63		39.11		41.17

																						HHI downsampled sequences

																						62.29		29.86		38.60		39.94

																						95.09		30.14		39.00		40.30

																						192.28		27.28		37.98		39.55

																						384.82		30.53		39.04		41.05

																						507.68		30.66		39.15		41.22
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Foreman

		

		Foreman Oct. 2004 (Nokia SVC)												Foreman Jul.. 2004 (Nokia SVC)								Foreman (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		1142		17		34.272		39.531		40.237

		812		24.1		33.772		39.331		40.006												With MPEG sequences

		541		31.9		33.356		39.242		39.882				32.3		32.163						32.23		33.10		39.03		39.62

		398		46.5		33.422		39.254		39.914				47.3		32.303						47.96		33.18		39.24		39.82

		820		96.3		31.725		38.49		39.56				97.3		30.749						95.20		31.69		38.73		39.90

		1627		192.4		34.428		39.785		41.13				193		33.456						192.55		34.45		40.04		41.57

		1085		255.9		34.561		39.836		41.197				259.6		33.831						256.25		34.68		40.27		41.78

																						HHI downsampled sequences

																						32.11		33.14		38.70		39.32

																						48.02		33.29		38.93		39.59

																						95.08		31.72		38.76		39.82

																						192.82		34.50		40.06		41.54

																						256.77		34.70		40.27		41.75
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33.356

33.104
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31.725

31.694

34.428

34.454

34.561

34.678



Football

		

		Football Oct. 2004 (Nokia SVC)												Football Jul.. 2004 (Nokia SVC)								Football (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		3793		56.8		35.525		38.902		40.496

		2963		88.6		34.438		38.255		40.05												With MPEG sequences

		2154		128.7		33.011		37.497		39.456				126.6		32.514						126.90		32.52		36.77		38.92

		1623		193.7		32.342		37.192		39.268				192.4		32.027						192.43		31.57		36.36		38.82

		3222		384.7		31.036		37.235		39.255				383.8		30.867						382.17		30.46		36.77		39.02

		4267		509.3		32.228		38.029		39.821				518		31.931						510.19		31.74		37.56		39.64

		4256		1017		34.019		39.442		41.002				1017		33.284						1025.05		33.67		39.14		40.87

																						HHI downsampled sequences

																						129.03		32.95		36.92		39.07

																						192.11		31.91		36.42		38.93

																						387.38		30.87		37.22		39.25

																						510.74		31.99		37.81		39.74

																						1024.87		33.79		39.25		41.00
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		128.7		126.9

		193.7		192.43
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		1017		1025.05
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33.011

32.516
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30.455

32.228

31.739

34.019
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		Mobile Oct. 2004 (Nokia SVC)												Mobile Jul.. 2004 (Nokia SVC)								Mobile (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		2677		40		31.353		34.012		33.639

		1476		44		29.827		33.491		32.852												With MPEG sequences

		822		48.8		28.905		33.208		32.422				47.8		27.818						48.94		29.21		32.78		32.00

		546		64.1		29.179		32.979		32.26				63.4		27.788						64.01		29.13		32.52		31.67

		1094		129		25.194		31.542		31.022				129.1		23.875						128.94		25.41		31.67		31.08

		2166		256.8		28.513		33.191		32.779				263.1		27.123						254.02		28.66		33.58		33.09

		1625		385.1		29.359		33.746		33.321				385.6		27.577						383.44		29.80		34.23		33.71

																						HHI downsampled sequences

																						47.69		29.68		32.49		31.68

																						64.50		29.81		32.19		31.33

																						128.84		25.51		31.73		31.15

																						256.14		28.79		33.66		33.19

																						382.51		29.80		34.22		33.70
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Bus

		

		Bus Oct. 2004 (Nokia SVC)												Bus Jul.. 2004 (Nokia SVC)								Bus (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		2588		38.7		32.003		39.381		40.252

		1776		53		31.045		39.22		40.173												With MPEG sequences

		1064		63.3		29.992		39.126		40.114				62.3		29.419						62.29		29.37		38.80		40.12

		806		95.4		30.163		39.147		40.13				97.4		29.588						95.98		29.66		39.05		40.39

		1612		191.2		27.073		37.836		39.199				196		26.545						191.65		27.09		37.84		39.44

		3201		381.2		30.542		39.151		40.733				378.2		29.811						385.65		30.47		38.95		40.95

		2153		511.9		30.664		39.137		40.72				514.5		30.115						508.34		30.63		39.11		41.17

																						HHI downsampled sequences

																						62.29		29.86		38.60		39.94

																						95.09		30.14		39.00		40.30

																						192.28		27.28		37.98		39.55

																						384.82		30.53		39.04		41.05

																						507.68		30.66		39.15		41.22
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Foreman

		

		Foreman Oct. 2004 (Nokia SVC)												Foreman Jul.. 2004 (Nokia SVC)								Foreman (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		1142		17		34.272		39.531		40.237

		812		24.1		33.772		39.331		40.006												With MPEG sequences

		541		31.9		33.356		39.242		39.882				32.3		32.163						32.23		33.10		39.03		39.62

		398		46.5		33.422		39.254		39.914				47.3		32.303						47.96		33.18		39.24		39.82

		820		96.3		31.725		38.49		39.56				97.3		30.749						95.20		31.69		38.73		39.90

		1627		192.4		34.428		39.785		41.13				193		33.456						192.55		34.45		40.04		41.57

		1085		255.9		34.561		39.836		41.197				259.6		33.831						256.25		34.68		40.27		41.78

																						HHI downsampled sequences

																						32.11		33.14		38.70		39.32

																						48.02		33.29		38.93		39.59

																						95.08		31.72		38.76		39.82

																						192.82		34.50		40.06		41.54

																						256.77		34.70		40.27		41.75





Foreman

		



Nokia

HHI Palma CE2
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		Football Oct. 2004 (Nokia SVC)												Football Jul.. 2004 (Nokia SVC)								Football (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		3793		56.8		35.525		38.902		40.496

		2963		88.6		34.438		38.255		40.05												With MPEG sequences

		2154		128.7		33.011		37.497		39.456				126.6		32.514						126.90		32.52		36.77		38.92

		1623		193.7		32.342		37.192		39.268				192.4		32.027						192.43		31.57		36.36		38.82

		3222		384.7		31.036		37.235		39.255				383.8		30.867						382.17		30.46		36.77		39.02

		4267		509.3		32.228		38.029		39.821				518		31.931						510.19		31.74		37.56		39.64

		4256		1017		34.019		39.442		41.002				1017		33.284						1025.05		33.67		39.14		40.87

																						HHI downsampled sequences

																						129.03		32.95		36.92		39.07

																						192.11		31.91		36.42		38.93

																						387.38		30.87		37.22		39.25

																						510.74		31.99		37.81		39.74

																						1024.87		33.79		39.25		41.00





Football

		



Nokia

HHI Palma CE2

Bitrate (kbit/s)

PSNR_Y (dB)

Football



Mobile

		

		Mobile Oct. 2004 (Nokia SVC)												Mobile Jul.. 2004 (Nokia SVC)								Mobile (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		2677		40		31.353		34.012		33.639

		1476		44		29.827		33.491		32.852												With MPEG sequences

		822		48.8		28.905		33.208		32.422				47.8		27.818						48.94		29.21		32.78		32.00

		546		64.1		29.179		32.979		32.26				63.4		27.788						64.01		29.13		32.52		31.67

		1094		129		25.194		31.542		31.022				129.1		23.875						128.94		25.41		31.67		31.08

		2166		256.8		28.513		33.191		32.779				263.1		27.123						254.02		28.66		33.58		33.09

		1625		385.1		29.359		33.746		33.321				385.6		27.577						383.44		29.80		34.23		33.71

																						HHI downsampled sequences

																						47.69		29.68		32.49		31.68

																						64.50		29.81		32.19		31.33

																						128.84		25.51		31.73		31.15

																						256.14		28.79		33.66		33.19

																						382.51		29.80		34.22		33.70
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Bus

		

		Bus Oct. 2004 (Nokia SVC)												Bus Jul.. 2004 (Nokia SVC)								Bus (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		2588		38.7		32.003		39.381		40.252

		1776		53		31.045		39.22		40.173												With MPEG sequences

		1064		63.3		29.992		39.126		40.114				62.3		29.419						62.29		29.37		38.80		40.12

		806		95.4		30.163		39.147		40.13				97.4		29.588						95.98		29.66		39.05		40.39

		1612		191.2		27.073		37.836		39.199				196		26.545						191.65		27.09		37.84		39.44

		3201		381.2		30.542		39.151		40.733				378.2		29.811						385.65		30.47		38.95		40.95

		2153		511.9		30.664		39.137		40.72				514.5		30.115						508.34		30.63		39.11		41.17

																						HHI downsampled sequences

																						62.29		29.86		38.60		39.94

																						95.09		30.14		39.00		40.30

																						192.28		27.28		37.98		39.55

																						384.82		30.53		39.04		41.05

																						507.68		30.66		39.15		41.22





Bus

		



Nokia

HHI Palma CE2
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Foreman

		

		Foreman Oct. 2004 (Nokia SVC)												Foreman Jul.. 2004 (Nokia SVC)								Foreman (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		1142		17		34.272		39.531		40.237

		812		24.1		33.772		39.331		40.006												With MPEG sequences

		541		31.9		33.356		39.242		39.882				32.3		32.163						32.23		33.10		39.03		39.62

		398		46.5		33.422		39.254		39.914				47.3		32.303						47.96		33.18		39.24		39.82

		820		96.3		31.725		38.49		39.56				97.3		30.749						95.20		31.69		38.73		39.90

		1627		192.4		34.428		39.785		41.13				193		33.456						192.55		34.45		40.04		41.57

		1085		255.9		34.561		39.836		41.197				259.6		33.831						256.25		34.68		40.27		41.78

																						HHI downsampled sequences

																						32.11		33.14		38.70		39.32

																						48.02		33.29		38.93		39.59

																						95.08		31.72		38.76		39.82

																						192.82		34.50		40.06		41.54

																						256.77		34.70		40.27		41.75
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Bitrate (kbit/s)
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Football

		

		Football Oct. 2004 (Nokia SVC)												Football Jul.. 2004 (Nokia SVC)								Football (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		3793		56.8		35.525		38.902		40.496

		2963		88.6		34.438		38.255		40.05												With MPEG sequences

		2154		128.7		33.011		37.497		39.456				126.6		32.514						126.90		32.52		36.77		38.92

		1623		193.7		32.342		37.192		39.268				192.4		32.027						192.43		31.57		36.36		38.82

		3222		384.7		31.036		37.235		39.255				383.8		30.867						382.17		30.46		36.77		39.02

		4267		509.3		32.228		38.029		39.821				518		31.931						510.19		31.74		37.56		39.64

		4256		1017		34.019		39.442		41.002				1017		33.284						1025.05		33.67		39.14		40.87

																						HHI downsampled sequences

																						129.03		32.95		36.92		39.07

																						192.11		31.91		36.42		38.93

																						387.38		30.87		37.22		39.25

																						510.74		31.99		37.81		39.74

																						1024.87		33.79		39.25		41.00
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Mobile

		

		Mobile Oct. 2004 (Nokia SVC)												Mobile Jul.. 2004 (Nokia SVC)								Mobile (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		2677		40		31.353		34.012		33.639

		1476		44		29.827		33.491		32.852												With MPEG sequences

		822		48.8		28.905		33.208		32.422				47.8		27.818						48.94		29.21		32.78		32.00

		546		64.1		29.179		32.979		32.26				63.4		27.788						64.01		29.13		32.52		31.67

		1094		129		25.194		31.542		31.022				129.1		23.875						128.94		25.41		31.67		31.08

		2166		256.8		28.513		33.191		32.779				263.1		27.123						254.02		28.66		33.58		33.09

		1625		385.1		29.359		33.746		33.321				385.6		27.577						383.44		29.80		34.23		33.71

																						HHI downsampled sequences

																						47.69		29.68		32.49		31.68

																						64.50		29.81		32.19		31.33

																						128.84		25.51		31.73		31.15

																						256.14		28.79		33.66		33.19

																						382.51		29.80		34.22		33.70
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Bus

		

		Bus Oct. 2004 (Nokia SVC)												Bus Jul.. 2004 (Nokia SVC)								Bus (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		2588		38.7		32.003		39.381		40.252

		1776		53		31.045		39.22		40.173												With MPEG sequences

		1064		63.3		29.992		39.126		40.114				62.3		29.419						62.29		29.37		38.80		40.12

		806		95.4		30.163		39.147		40.13				97.4		29.588						95.98		29.66		39.05		40.39

		1612		191.2		27.073		37.836		39.199				196		26.545						191.65		27.09		37.84		39.44

		3201		381.2		30.542		39.151		40.733				378.2		29.811						385.65		30.47		38.95		40.95

		2153		511.9		30.664		39.137		40.72				514.5		30.115						508.34		30.63		39.11		41.17

																						HHI downsampled sequences

																						62.29		29.86		38.60		39.94

																						95.09		30.14		39.00		40.30

																						192.28		27.28		37.98		39.55

																						384.82		30.53		39.04		41.05

																						507.68		30.66		39.15		41.22
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Foreman

		

		Foreman Oct. 2004 (Nokia SVC)												Foreman Jul.. 2004 (Nokia SVC)								Foreman (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		1142		17		34.272		39.531		40.237

		812		24.1		33.772		39.331		40.006												With MPEG sequences

		541		31.9		33.356		39.242		39.882				32.3		32.163						32.23		33.10		39.03		39.62

		398		46.5		33.422		39.254		39.914				47.3		32.303						47.96		33.18		39.24		39.82

		820		96.3		31.725		38.49		39.56				97.3		30.749						95.20		31.69		38.73		39.90

		1627		192.4		34.428		39.785		41.13				193		33.456						192.55		34.45		40.04		41.57

		1085		255.9		34.561		39.836		41.197				259.6		33.831						256.25		34.68		40.27		41.78

																						HHI downsampled sequences

																						32.11		33.14		38.70		39.32

																						48.02		33.29		38.93		39.59

																						95.08		31.72		38.76		39.82

																						192.82		34.50		40.06		41.54

																						256.77		34.70		40.27		41.75
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Football

		

		Football Oct. 2004 (Nokia SVC)												Football Jul.. 2004 (Nokia SVC)								Football (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		3793		56.8		35.525		38.902		40.496

		2963		88.6		34.438		38.255		40.05												With MPEG sequences

		2154		128.7		33.011		37.497		39.456				126.6		32.514						126.90		32.52		36.77		38.92

		1623		193.7		32.342		37.192		39.268				192.4		32.027						192.43		31.57		36.36		38.82

		3222		384.7		31.036		37.235		39.255				383.8		30.867						382.17		30.46		36.77		39.02

		4267		509.3		32.228		38.029		39.821				518		31.931						510.19		31.74		37.56		39.64

		4256		1017		34.019		39.442		41.002				1017		33.284						1025.05		33.67		39.14		40.87

																						HHI downsampled sequences

																						129.03		32.95		36.92		39.07

																						192.11		31.91		36.42		38.93

																						387.38		30.87		37.22		39.25

																						510.74		31.99		37.81		39.74

																						1024.87		33.79		39.25		41.00
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Mobile

		

		Mobile Oct. 2004 (Nokia SVC)												Mobile Jul.. 2004 (Nokia SVC)								Mobile (HHI Latest)

				kb/s		PSNR_Y		PSNR_U		PSNR_V				kb/s		PSNR_Y						kb/s		PSNR_Y		PSNR_U		PSNR_V

		2677		40		31.353		34.012		33.639

		1476		44		29.827		33.491		32.852												With MPEG sequences

		822		48.8		28.905		33.208		32.422				47.8		27.818						48.94		29.21		32.78		32.00

		546		64.1		29.179		32.979		32.26				63.4		27.788						64.01		29.13		32.52		31.67

		1094		129		25.194		31.542		31.022				129.1		23.875						128.94		25.41		31.67		31.08

		2166		256.8		28.513		33.191		32.779				263.1		27.123						254.02		28.66		33.58		33.09

		1625		385.1		29.359		33.746		33.321				385.6		27.577						383.44		29.80		34.23		33.71

																						HHI downsampled sequences

																						47.69		29.68		32.49		31.68

																						64.50		29.81		32.19		31.33

																						128.84		25.51		31.73		31.15

																						256.14		28.79		33.66		33.19

																						382.51		29.80		34.22		33.70
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