	[image: image5.png]


[image: image6.png]


Joint Collaborative Team on Video Coding (JCT-VC)

of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11
5th Meeting: Geneva, CH, 16-23 March, 2011
	Document: JCTVC-E470
WG11 Number: m20170


	Title:
	Combined proposal JCTVC-E196 and JCT-VCE409

	Status:
	Input Document to JCT-VC

	Purpose:
	Proposal


	

	Source:
	Sharp, Orange Labs


_____________________________
Abstract
This contribution describes a merge of JCTVC-E196 (Wavefront Parallel Processing) and JCTVC-E409 (new results for periodic inits for wavefront coding functionality).  Each line of LCU is an independantly encodable/decodable part of the bitstream, and the corresponding substreams have individual headers, as described in JCT-VCE409. The first LCU of each line has its CABAC probabilities initialized with those obtained from the second LCU of the above line, as described in JCTVCE196. We assert that this combination provides a fixed  parallel encoding  and decoding design with a level of parallelism, equal to the number of LCU lines. The performance degradation in High Efficiency is 0.2% in Intra, 1.3% in Random Access, and 2.2% in Low Delay.
1 Introduction

Since this contribution is a combination of JCTVC-E196 [1] and JCTVC-E409 [2], we provide a summary of each contribution. Please refer to the original documents for a detailed explanation.
2 Summary of JCTVC-E196
The goal of JCTVC-E196 is to perform wavefront processing of the LCUs (see figure 1) and  avoid losing the probabilities that have already been acquired. To achieve this in a simple way, we propose to initialize the CABAC probabilities of the first LCU of each line with the probabilities obtained after the second LCU of the above line is processed. This allows for a rapid learning of the probabilities down the first column of LCUs. Moreover, this can be performed without modifying the wavefront structure, because the second LCU of the above line is always available, as a consequence of the spatial and MV dependencies. To achieve this, a single additional probability buffer is required. When a thread starts to process the first LCU of the line, it reads the probabilities from the buffer. When a thread has finished  processing the second LCU of a line, it writes its probabilities into the buffer. Due to the wavefront approach, this guarantees that the probabilities are read and written in the proper line order.
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3 Summary of JCTVC-E409
The goal of JCTVC-E409 is to enable wavefront processing at both the encoder.  This is achieved by re-initializing the CABAC engine at the start of each LCU row (as is also done in JCTVC-E196).  This enables parallel encoding.  Moreover, JCTVC-E409 proposes sending the location of these re-initialization points to the bit-stream to the decoder.  By sending this location information, we enable parallel decoding – as the decoder can enter the bit-stream at the transmitted location and begin decoding the LCU row (as long as the two LCU blocks above are previously decoded).  For more information, please see JCTVC-E409.
4 Advantages

It is asserted that the proposed method combines moderate compression degradation while providing a high degree of parallelism. The main advantage of this is to encode a video once for all in parallel-friendly mode. Then, there is no need to further transcode the video to accommodate for different levels of parallelism.
5 Results

We integrated Wavefront Parallel processing (WPP) in HM2.0 and tested with the following conditions:

· High efficiency (for CABAC use)

· Intra, Low delay, Random access

· JCTVC-D600 [4] conditions

As shown on table 1, the average loss is 0.2% in Intra, 1.3% in Random Access, and 2.2% in Low Delay (mostly due to class E sequence).

Table 1. Summary RD results of proposal versus HM2.0 anchors
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Class A 0,1 0,3 0,3

Class B 0,2 0,1 0,3

Class C 0,1 0,1 0,1

Class D 0,1 0,1 0,1

Class E 0,4 0,9 -0,2

All 0,2 0,2 0,1

Random access

Y BD-rateU BD-rateV BD-rate

Class A 1,7 2,1 1,5

Class B 1,3 1,6 1,4

Class C 1,1 1,4 1,2

Class D 1,1 0,9 0,9

Class E

All 1,3 1,5 1,3

Y BD-rateU BD-rateV BD-rate

Class A

Class B 1,8 2,9 2,5

Class C 1,4 2,3 2,4

Class D 1,2 1,7 1,3

Class E 5,6 4,6 4,5

All 2,2 2,8 2,5

Low delay



Intra


6 Syntax
The syntax modification are below:
Table 1 Sequence parameter set RBSP syntax

	seq_parameter_set_rbsp( ) {
	C
	Descriptor

	  regular sequence parameter set ….
	
	

	         if (entropy_coding_mode_flag) {
	
	

	

  lcu_row_cabac_init_flag
	1
	u(1)

	

  if( lcu_row_cabac_init_flag){
	
	

	


  lcu_row_cabac_syncro_flag
	1
	u(1)

	           }
	
	

	         }
	
	

	}
	
	


“lcu_row_cabac_init_flag” flag signals if entropy decoding is initialized at the start of the largest coding unit (LCU) row.  A value 0 indicates no context initialization is carried out at the start of a LCU row. A value of 1 indicates context initialization is carried out at the start of LCU.

 “lcu_row_cabac_syncro_flag” flag signals if CABAC will be initialized from a synchronization buffer and if the synchronization buffer will contain the state of the CABAC engine after decoding the second LCU in the previous row.
Table 2 Slice header

	Slice_header( ) {
	C
	Descriptor

	 …
	
	

	     If( lcu_row_cabac_init_flag ){
	
	

	         lcu_row_locations_flag
	1
	u(1)

	         if (lcu_row_locations_flag) {
	
	

	           lcu_row_ locations ()
	
	

	         }
	
	

	     }
	
	

	     a regular slice header ……..
	
	

	}
	
	


· “lcu_row_locations_flag” signals if LCU row location information is being transmitted or not.  If the value of “lcu_row_locations_flag” is “1”, then the LCU row location information is transmitted, otherwise it is not transmitted. The default value for “lcu_row_locations_flag” is “0”.

Table 3 LCU row location information

	lcu_row_ locations()
	C
	Descriptor

	{
	
	

	   num_of_lcu_rows_minus1_slice
	2
	ue(v)

	   lcu_row_offset_bits
	2
	ue(v)

	   for (i=0; i<num_of_lcu_rows_minus1_slice; i++) {
	
	

	     lcu_row_offset[i]
	2
	ue(v)

	  }
	
	

	}
	
	


· “num_of_lcu_rows_minus1_slice” specifies the number of LCU rows in the slice

· “lcu_row_offset_bits indicates the number of bits used for transmitting lcu_row_offset values

· “lcu_row_offset [i]” indicates the offset of the ith  LCU row from the previous LCU row. The lcu_row_offset [i] is differentially encoded as the difference in the size of previous LCU row  from the LCU row prior to the previous LCU row. For i=0 since no LCU row prior to the previous LCU row exists the size of the previous LCU row is transmitted. 
7 Conclusion
We assert that this contribution shows that it is possible to combine JCTVC-E196 and JCT-VCE409 to achieve a high degree of parallelism with moderate RD performance loss.
8 Patent rights declaration(s)

Orange Labs and Sharp may have IPR relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).
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Appendix: Modification of HEVC Working Draft 2 to include WPP
These are the modifications required to the Working Draft 2 describe the CABAC synchronization on first LCU.
9.3
CABAC parsing process for slice data

[Ed. (TW) needs to be extended]

This process is invoked when parsing syntax elements with descriptor ae(v) in subclauses 7.3.4 and 7.3.5 when entropy_coding_mode_flag is equal to 1.

Inputs to this process are a request for a value of a syntax element and values of prior parsed syntax elements.

Output of this process is the value of the syntax element.

When starting the parsing of the slice data of a slice in subclause 7.3.4, the initialisation process of the CABAC parsing process is invoked as specified in subclause 9.3.1. 

In case syntax element lcu_row_cabac_init_flag is equal to one and lcu_row_syncro_flag is equal to one, when  starting the parsing of  a coding tree as specified in subclause 7.3.5,  if  x0 is equal to zero and  y0 is different from zero and  log2CUSize  is equal to log2MaxCUSize the synchronization process of the CABAC parsing process is invoked as specified in subclause  9.3.x, otherwise if   x0 is equal to log2MaxCUSize+1   zero and  y0 is different from zero and  log2CUSize  is equal to log2MaxCUSize   the memorization  process of the CABAC parsing process is invoked as specified in subclause  9.3.y .  
The parsing of syntax elements proceeds as follows:

For each requested value of a syntax element a binarization is derived as described in subclause 9.3.2.

The binarization for the syntax element and the sequence of parsed bins determines the decoding process flow as described in subclause 9.3.3.

For each bin of the binarization of the syntax element, which is indexed by the variable binIdx, a context index ctxIdx is derived as specified in subclause 9.3.3.1.

For each ctxIdx the arithmetic decoding process is invoked as specified in subclause 9.3.3.2.

The resulting sequence ( b0..bbinIdx ) of parsed bins is compared to the set of bin strings given by the binarization process after decoding of each bin. When the sequence matches a bin string in the given set, the corresponding value is assigned to the syntax element.

In case the request for a value of a syntax element is processed for the syntax element mb_type and the decoded value of mb_type is equal to I_PCM, the decoding engine is initialised after the decoding of any pcm_alignment_zero_bit and all pcm_sample_luma and pcm_sample_chroma data as specified in subclause 9.3.1.2.
9.3.x Synchronization process of context variables
Inputs of this process are variables TableStateSync and TableMPSSync contain the values of the variables n  and m  used in the initialisation of context variables that are assigned to all syntax elements in subclauses 7.3.4 and 7.3.5 except for the end-of-slice flag.  

Outputs of this process are the initialised CABAC context variables indexed by ctxIdx.

For each context variable, the two variables pStateIdx and valMPS are initialised: given two table entries n,m, pStateIdx is initilialized to n and valMPS is initialized to m.
9.3.y Memorization process of context variables
Inputs of this process are the CABAC context variables indexed by ctxIdx.

Output of this process are variables TableStateSync and TableMPSSync contain the values of the variables n  and m  used in the synchronization process of context variables that are assigned to all syntax elements in subclauses 7.3.4 and 7.3.5 except for the end-of-slice flag.  

For each context variable, given two table entries n,m, n is initilialized to pStateIdx n and m is initialized to valMPS.
9.3.1
Initialisation process

Outputs of this process are initialised CABAC internal variables.

The processes in subclauses 9.3.1.1 and 9.3.1.2 are invoked when starting the parsing of the slice data of a slice in subclause 7.3.4.

The process in subclause 9.3.1.2 is also invoked after decoding any pcm_alignment_zero_bit and all pcm_sample_luma and pcm_sample_chroma data for a macroblock of type I_PCM.

9.3.1.1
Initialisation process for context variables

Outputs of this process are the initialised CABAC context variables indexed by ctxIdx.

Tables ABC to DEF contain the values of the variables n and m used in the initialisation of context variables that are assigned to all syntax elements in subclauses 7.3.4 and 7.3.5 except for the end-of-slice flag.

For each context variable, the two variables pStateIdx and valMPS are initialised.

NOTE 1 – The variable pStateIdx corresponds to a probability state index and the variable valMPS corresponds to the value of the most probable symbol as further described in subclause 9.3.3.2.

The two values assigned to pStateIdx and valMPS for the initialisation are derived from SliceQPY, which is derived in Equation [Ed. (TW): insert text]. Given the two table entries ( m, n ), the initialisation is specified by the following pseudo-code process:

preCtxState = Clip3( 1, 126, ( ( m  Clip3( 0, 51, SliceQPY ) ) >> 4 ) + n )

if( preCtxState  <=  63 )  {


pStateIdx = 63 − preCtxState


valMPS = 0
(9 4)

} else {


pStateIdx = preCtxState − 64


valMPS = 1

}







Fig. 1 - Illustration of the proposed method. At the start of each line, the CABAC probabilities are synchronized with the probabilities of the upper right LCU.
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						Intra

						Y BD-rate		U BD-rate		V BD-rate

				Class A		0.1		0.3		0.3

				Class B		0.2		0.1		0.3

				Class C		0.1		0.1		0.1

				Class D		0.1		0.1		0.1

				Class E		0.4		0.9		-0.2

				All		0.2		0.2		0.1

				Enc Time[%]		0%

				Dec Time[%]		0%

								Random access

						Y BD-rate		U BD-rate		V BD-rate

				Class A		1.7		2.1		1.5

				Class B		1.3		1.6		1.4

				Class C		1.1		1.4		1.2

				Class D		1.1		0.9		0.9

				Class E

				All		1.3		1.5		1.3

				Enc Time[%]		0%

				Dec Time[%]		0%

						Low delay

						Y BD-rate		U BD-rate		V BD-rate

				Class A

				Class B		1.8		2.9		2.5

				Class C		1.4		2.3		2.4

				Class D		1.2		1.7		1.3

				Class E		5.6		4.6		4.5

				All		2.2		2.8		2.5

				Enc Time[%]		0%

				Dec Time[%]		0%





Intra

								ref		ref		ref		ref		comp		comp		comp		comp		Reference																Tested

						QPISlice		kbps		U psnr		kbps		V psnr		kbps		U psnr		kbps		V psnr		kbps		Y psnr		U psnr		V psnr		Enc T [s]		Dec T [s]		Enc T [h]				kbps		Y psnr		U psnr		V psnr		Enc T		Dec T [s]		Enc T [h]		BD-rate Y		BD-rate U		BD-rate V

		Class A		Traffic		22		108048.87		43.03		108048.87		44.88		108046.83		43.03		108046.83		44.88		108048.87		43.65		43.03		44.88		9913.55		99.91		2.75				108046.83		43.65		43.03		44.88								0.1		0.1		0.1				0.9991		0.0275376389		0		0

		4K				27		61279.98		40.33		61279.98		42.33		61295.95		40.33		61295.95		42.33		61279.98		40.40		40.33		42.33		8793.45		84.62		2.44				61295.95		40.39		40.33		42.33																0.8462		0.02442625		0		0

						32		33905.67		38.28		33905.67		40.44		33938.60		38.28		33938.60		40.44		33905.67		37.25		38.28		40.44		7935.41		81.72		2.20				33938.60		37.25		38.28		40.44																0.8172		0.0220428056		0		0

						37		18883.69		36.44		18883.69		38.85		18915.17		36.44		18915.17		38.85		18883.69		34.29		36.44		38.85		7438.79		77.24		2.07				18915.17		34.29		36.44		38.85																0.7724		0.0206633056		0		0

				PeopleOnStreet		22		111757.75		45.81		111757.75		45.46		111790.49		45.81		111790.49		45.46		111757.75		43.57		45.81		45.46		9994.03		99.46		2.78				111790.49		43.57		45.81		45.46								0.1		0.3		0.2				0.9946		0.0277611944		0		0

						27		65567.42		43.52		65567.42		43.75		65608.79		43.51		65608.79		43.74		65567.42		40.03		43.52		43.75		8866.36		90.04		2.46				65608.79		40.03		43.51		43.74																0.9004		0.0246287778		0		0

						32		36671.51		41.47		36671.51		42.09		36738.38		41.46		36738.38		42.09		36671.51		36.85		41.47		42.09		8084.88		84.35		2.25				36738.38		36.85		41.46		42.09																0.8435		0.022458		0		0

						37		21470.53		39.73		21470.53		40.50		21561.13		39.74		21561.13		40.50		21470.53		34.07		39.73		40.50		7668.67		80.27		2.13				21561.13		34.07		39.74		40.50																0.8027		0.0213018611		0		0

				Nebuta		22		421896.33		41.09		421896.33		40.62		421886.25		41.09		421886.25		40.61		421896.33		42.83		41.09		40.62		24447.49		232.89		6.79				421886.2496		42.8286		41.0927		40.6097								0.1		0.2		0.1				2.3289		0.0679096944		0		0

						27		262469.22		38.53		262469.22		37.20		262524.44		38.52		262524.44		37.20		262469.22		39.19		38.53		37.20		21291.13		194.97		5.91				262524.4384		39.1843		38.5237		37.1963																1.9497		0.0591420278		0		0

						32		157061.75		36.68		157061.75		35.49		157111.82		36.67		157111.82		35.48		157061.75		34.90		36.68		35.49		18914.45		177.30		5.25				157111.8224		34.8954		36.6736		35.4769																1.773		0.0525401389		0		0

						37		83003.17		34.78		83003.17		33.64		83081.23		34.77		83081.23		33.63		83003.17		30.95		34.78		33.64		16884.29		163.84		4.69				83081.2304		30.9476		34.7703		33.6337																1.6384		0.0469008056		0		0

				SteamLocomotive		22		103061.42		46.89		103061.42		46.55		103083.94		46.90		103083.94		46.55		103061.42		43.95		46.89		46.55		17041.08		149.43		4.73				103083.9424		43.9475		46.8968		46.546								0.3		0.6		0.7				1.4943		0.0473363333		0		0

						27		49056.01		46.01		49056.01		45.78		49130.83		46.01		49130.83		45.78		49056.01		41.56		46.01		45.78		14911.06		134.13		4.14				49130.8272		41.5583		46.0085		45.7828																1.3413		0.0414196111		0		0

						32		27084.25		45.37		27084.25		45.28		27148.95		45.37		27148.95		45.27		27084.25		39.94		45.37		45.28		15323.63		139.39		4.26				27149.0		39.9		45.4		45.3																1.3939		0.0425656389		0		0

						37		15353.04		44.82		15353.04		44.71		15413.91		44.78		15413.91		44.68		15353.04		38.29		44.82		44.71		13693.10		126.27		3.80				15413.9088		38.2884		44.7754		44.6835																1.2627		0.0380363889		0		0

		Class B		Kimono		22		23331.92		44.65		23331.92		46.16		23364.70		44.65		23364.70		46.16		23331.92		42.87		44.65		46.16		6967.64		61.93		1.94				23364.70		42.87		44.65		46.16								0.3		0.1		-0.1				0.6193		0.0193545556		0		0

		1080p				27		12932.95		42.81		12932.95		43.79		12966.47		42.82		12966.47		43.81		12932.95		41.19		42.81		43.79		6303.53		56.27		1.75				12966.47		41.19		42.82		43.81																0.5627		0.0175098056		0		0

						32		7063.21		41.15		7063.21		42.02		7090.14		41.16		7090.14		42.03		7063.21		39.07		41.15		42.02		5901.91		58.97		1.64				7090.14		39.07		41.16		42.03																0.5897		0.0163941944		0		0

						37		3916.84		39.56		3916.84		40.78		3939.47		39.56		3939.47		40.78		3916.84		36.73		39.56		40.78		5624.20		56.48		1.56				3939.47		36.72		39.56		40.78																0.5648		0.0156227778		0		0

				ParkScene		22		55546.35		43.45		55546.35		44.23		55576.14		43.46		55576.14		44.23		55546.35		41.87		43.45		44.23		9167.66		92.22		2.55				55576.14		41.88		43.46		44.23								0.1		-0.1		0.2				0.9222		0.0254657222		0		0

						27		30465.89		40.83		30465.89		41.44		30482.46		40.83		30482.46		41.44		30465.89		38.73		40.83		41.44		7733.71		77.09		2.15				30482.46		38.74		40.83		41.44																0.7709		0.0214825278		0		0

						32		15370.91		38.64		15370.91		39.66		15390.45		38.65		15390.45		39.66		15370.91		35.63		38.64		39.66		6826.86		68.03		1.90				15390.45		35.63		38.65		39.66																0.6803		0.0189635		0		0

						37		7478.22		36.80		7478.22		38.59		7496.86		36.81		7496.86		38.59		7478.22		32.88		36.80		38.59		6212.82		61.18		1.73				7496.86		32.88		36.81		38.59																0.6118		0.0172578333		0		0

				Cactus		22		110078.09		41.85		110078.09		44.25		110032.49		41.83		110032.49		44.25		110078.09		40.70		41.85		44.25		17768.39		186.63		4.94				110032.49		40.70		41.83		44.25								0.1		-0.0		-0.0				1.8663		0.0493566389		0		0

						27		51681.23		39.51		51681.23		42.14		51728.09		39.52		51728.09		42.15		51681.23		38.04		39.51		42.14		14544.06		146.81		4.04				51728.09		38.04		39.52		42.15																1.4681		0.0404001667		0		0

						32		27247.33		38.30		27247.33		40.28		27316.18		38.30		27316.18		40.28		27247.33		35.74		38.30		40.28		12642.41		130.39		3.51				27316.18		35.74		38.30		40.28																1.3039		0.0351178056		0		0

						37		14567.69		37.06		14567.69		38.36		14631.38		37.06		14631.38		38.36		14567.69		33.39		37.06		38.36		11706.55		120.02		3.25				14631.38		33.39		37.06		38.36																1.2002		0.0325181944		0		0

				BasketballDrive		22		74049.14		44.53		74049.14		46.16		74253.59		44.52		74253.59		46.16		74049.14		41.42		44.53		46.16		15633.24		162.32		4.34				74253.59		41.43		44.52		46.16								0.2		0.8		0.5				1.6232		0.0434256667		0		0

						27		30924.19		43.00		30924.19		43.94		30970.02		42.99		30970.02		43.93		30924.19		38.83		43.00		43.94		13258.29		129.68		3.68				30970.02		38.83		42.99		43.93																1.2968		0.0368285833		0		0

						32		15687.90		41.48		15687.90		41.81		15749.58		41.46		15749.58		41.80		15687.90		37.03		41.48		41.81		11813.63		118.69		3.28				15749.58		37.04		41.46		41.80																1.1869		0.0328156389		0		0

						37		8644.14		39.89		8644.14		39.66		8709.42		39.87		8709.42		39.67		8644.14		35.12		39.89		39.66		11318.30		113.14		3.14				8709.42		35.13		39.87		39.67																1.1314		0.0314397222		0		0

				BQTerrace		22		188235.31		42.87		188235.31		44.57		188283.61		42.87		188283.61		44.57		188235.31		42.69		42.87		44.57		21972.12		234.04		6.10				188283.61		42.69		42.87		44.57								0.1		-0.3		0.7				2.3404		0.0610336667		0		0

						27		83924.26		40.94		83924.26		43.09		83988.85		40.94		83988.85		43.08		83924.26		37.20		40.94		43.09		18541.49		185.75		5.15				83988.85		37.21		40.94		43.08																1.8575		0.0515041389		0		0

						32		42158.99		39.32		42158.99		41.83		42233.99		39.34		42233.99		41.82		42158.99		34.58		39.32		41.83		16242.85		166.27		4.51				42233.99		34.58		39.34		41.82																1.6627		0.0451190278		0		0

						37		22812.37		38.04		22812.37		40.72		22899.71		38.05		22899.71		40.68		22812.37		32.23		38.04		40.72		14931.16		152.73		4.15				22899.71		32.23		38.05		40.68																1.5273		0.0414754444		0		0

		Class C		BasketballDrill		22		22215.05		43.95		22215.05		44.58		22197.53		43.96		22197.53		44.58		22215.05		41.94		43.95		44.58		3377.33		36.26		0.94				22197.53		41.93		43.96		44.58								0.2		-0.1		0.1				0.3626		0.0093814722		0		0

		WVGA				27		12150.11		41.08		12150.11		41.30		12149.98		41.09		12149.98		41.30		12150.11		38.48		41.08		41.30		2913.51		30.49		0.81				12149.98		38.47		41.09		41.30																0.3049		0.0080930833		0		0

						32		6298.79		38.58		6298.79		38.55		6317.08		38.60		6317.08		38.55		6298.79		35.47		38.58		38.55		2583.85		26.88		0.72				6317.08		35.47		38.60		38.55																0.2688		0.0071773611		0		0

						37		3353.73		36.31		3353.73		35.98		3371.21		36.31		3371.21		35.99		3353.73		32.86		36.31		35.98		2370.12		24.30		0.66				3371.21		32.87		36.31		35.99																0.243		0.0065836667		0		0

				BQMall		22		24711.28		44.17		24711.28		45.58		24733.89		44.17		24733.89		45.59		24711.28		42.11		44.17		45.58		3961.08		41.69		1.10				24733.89		42.12		44.17		45.59								0.1		0.2		0.1				0.4169		0.011003		0		0

						27		14804.79		41.81		14804.79		42.99		14825.70		41.81		14825.70		42.99		14804.79		39.17		41.81		42.99		3475.43		37.33		0.97				14825.70		39.17		41.81		42.99																0.3733		0.0096539722		0		0

						32		8526.14		39.74		8526.14		40.75		8545.90		39.74		8545.90		40.75		8526.14		36.06		39.74		40.75		3158.51		33.99		0.88				8545.90		36.07		39.74		40.75																0.3399		0.0087736389		0		0

						37		4813.20		37.80		4813.20		38.64		4836.81		37.81		4836.81		38.65		4813.20		33.05		37.80		38.64		2956.03		30.93		0.82				4836.81		33.06		37.81		38.65																0.3093		0.0082111944		0		0

				PartyScene		22		45595.12		42.60		45595.12		43.47		45616.64		42.61		45616.64		43.47		45595.12		41.19		42.60		43.47		3956.61		45.23		1.10				45616.64		41.19		42.61		43.47								-0.0		-0.0		0.2				0.4523		0.0109905833		0		0

						27		28265.65		39.29		28265.65		40.08		28268.18		39.29		28268.18		40.08		28265.65		36.92		39.29		40.08		3492.74		38.82		0.97				28268.18		36.92		39.29		40.08																0.3882		0.0097020556		0		0

						32		16565.96		36.88		16565.96		37.59		16562.09		36.87		16562.09		37.57		16565.96		33.08		36.88		37.59		3077.17		34.08		0.85				16562.09		33.08		36.87		37.57																0.3408		0.0085476944		0		0

						37		8859.61		34.78		8859.61		35.44		8859.14		34.78		8859.14		35.43		8859.61		29.46		34.78		35.44		2730.12		30.40		0.76				8859.14		29.46		34.78		35.43																0.304		0.0075836667		0		0

				RaceHorses		22		15613.06		43.77		15613.06		44.55		15633.01		43.77		15633.01		44.55		15613.06		42.53		43.77		44.55		2111.93		22.19		0.59				15633.01		42.54		43.77		44.55								0.2		0.1		0.1				0.2219		0.0058664722		0		0

						27		9441.09		40.43		9441.09		41.81		9455.32		40.44		9455.32		41.81		9441.09		39.11		40.43		41.81		1856.87		19.74		0.52				9455.32		39.12		40.44		41.81																0.1974		0.0051579722		0		0

						32		5273.05		37.81		5273.05		39.69		5285.62		37.81		5285.62		39.69		5273.05		35.62		37.81		39.69		1672.66		17.77		0.46				5285.62		35.63		37.81		39.69																0.1777		0.0046462778		0		0

						37		2624.04		35.80		2624.04		37.58		2635.86		35.81		2635.86		37.59		2624.04		32.26		35.80		37.58		1518.57		15.82		0.42				2635.86		32.26		35.81		37.59																0.1582		0.00421825		0		0

		Class D		BasketballPass		22		5622.07		45.21		5622.07		44.98		5627.10		45.22		5627.10		44.98		5622.07		43.18		45.21		44.98		842.83		8.22		0.23				5627.10		43.19		45.22		44.98								0.1		0.1		0.1				0.0822		0.0023411944		0		0

		WQVGA				27		3369.10		42.11		3369.10		41.61		3375.03		42.12		3375.03		41.62		3369.10		39.52		42.11		41.61		741.55		7.47		0.21				3375.03		39.53		42.12		41.62																0.0747		0.0020598611		0		0

						32		1892.08		39.53		1892.08		38.87		1897.26		39.54		1897.26		38.87		1892.08		36.05		39.53		38.87		661.61		6.44		0.18				1897.26		36.05		39.54		38.87																0.0644		0.0018378056		0		0

						37		1028.75		37.20		1028.75		36.26		1034.59		37.21		1034.59		36.26		1028.75		32.94		37.20		36.26		598.80		5.89		0.17				1034.59		32.94		37.21		36.26																0.0589		0.0016633333		0		0

				BQSquare		22		13584.35		43.39		13584.35		44.34		13587.08		43.40		13587.08		44.35		13584.35		41.28		43.39		44.34		1165.54		12.52		0.32				13587.08		41.28		43.40		44.35								0.1		-0.0		-0.2				0.1252		0.0032376111		0		0

						27		8629.45		40.78		8629.45		41.81		8631.20		40.78		8631.20		41.82		8629.45		36.80		40.78		41.81		1027.14		10.90		0.29				8631.20		36.80		40.78		41.82																0.109		0.0028531667		0		0

						32		5277.34		39.10		5277.34		39.96		5283.77		39.10		5283.77		39.97		5277.34		32.97		39.10		39.96		919.37		9.72		0.26				5283.77		32.98		39.10		39.97																0.0972		0.0025538056		0		0

						37		3144.37		37.86		3144.37		38.25		3151.54		37.86		3151.54		38.26		3144.37		29.53		37.86		38.25		853.50		9.16		0.24				3151.54		29.54		37.86		38.26																0.0916		0.0023708333		0		0

				BlowingBubbles		22		11952.07		42.26		11952.07		42.98		11957.89		42.26		11957.89		42.97		11952.07		41.15		42.26		42.98		1011.24		11.40		0.28				11957.89		41.15		42.26		42.97								0.1		0.0		0.1				0.114		0.002809		0		0

						27		7401.32		39.07		7401.32		39.60		7405.70		39.07		7405.70		39.60		7401.32		36.77		39.07		39.60		889.31		9.99		0.25				7405.70		36.77		39.07		39.60																0.0999		0.0024703056		0		0

						32		4141.37		36.56		4141.37		37.04		4146.89		36.57		4146.89		37.03		4141.37		32.75		36.56		37.04		778.46		8.68		0.22				4146.89		32.75		36.57		37.03																0.0868		0.0021623889		0		0

						37		2103.11		34.37		2103.11		34.83		2109.92		34.38		2109.92		34.84		2103.11		29.29		34.37		34.83		684.92		7.25		0.19				2109.92		29.30		34.38		34.84																0.0725		0.0019025556		0		0

				RaceHorses		22		4702.10		43.35		4702.10		44.15		4706.76		43.36		4706.76		44.16		4702.10		42.74		43.35		44.15		562.07		6.03		0.16				4706.76		42.74		43.36		44.16								0.2		0.2		0.2				0.0603		0.0015613056		0		0

						27		2850.64		39.91		2850.64		41.16		2855.55		39.92		2855.55		41.16		2850.64		38.62		39.91		41.16		499.79		5.30		0.14				2855.55		38.62		39.92		41.16																0.053		0.0013883056		0		0

						32		1533.05		37.42		1533.05		38.64		1537.96		37.42		1537.96		38.64		1533.05		34.66		37.42		38.64		442.97		4.61		0.12				1537.96		34.66		37.42		38.64																0.0461		0.0012304722		0		0

						37		754.98		35.06		754.98		36.19		759.16		35.07		759.16		36.19		754.98		31.41		35.06		36.19		389.70		3.91		0.11				759.16		31.41		35.07		36.19																0.0391		0.0010825		0		0

		ClassE		Vidyo1		22		22620.75		47.53		22620.75		48.47		22671.67		47.52		22671.67		48.45		22620.75		44.94		47.53		48.47		7598.68		73.88		2.11				22671.67		44.94		47.52		48.45								0.4		0.8		0.4				0.7388		0.0211074444		0		0

		720p				27		13378.15		45.98		13378.15		46.70		13430.72		45.99		13430.72		46.70		13378.15		42.49		45.98		46.70		6912.67		70.97		1.92				13430.72		42.50		45.99		46.70																0.7097		0.0192018611		0		0

						32		7855.25		44.38		7855.25		44.83		7908.77		44.38		7908.77		44.85		7855.25		39.75		44.38		44.83		6344.71		65.75		1.76				7908.77		39.76		44.38		44.85																0.6575		0.0176241944		0		0

						37		4728.31		42.84		4728.31		42.97		4772.17		42.78		4772.17		42.96		4728.31		36.92		42.84		42.97		6142.30		62.34		1.71				4772.17		36.92		42.78		42.96																0.6234		0.0170619444		0		0

				Vidyo3		22		22984.95		48.85		22984.95		48.62		23032.70		48.85		23032.70		48.64		22984.95		44.89		48.85		48.62		7465.41		71.62		2.07				23032.70		44.89		48.85		48.64								0.5		1.4		-0.6				0.7162		0.02073725		0		0

						27		14037.59		47.21		14037.59		46.34		14093.81		47.21		14093.81		46.37		14037.59		42.46		47.21		46.34		6904.69		68.85		1.92				14093.81		42.46		47.21		46.37																0.6885		0.0191796944		0		0

						32		8477.02		45.86		8477.02		44.20		8538.60		45.84		8538.60		44.30		8477.02		39.58		45.86		44.20		6444.24		66.70		1.79				8538.60		39.59		45.84		44.30																0.667		0.0179006667		0		0

						37		5105.27		44.45		5105.27		42.36		5158.86		44.33		5158.86		42.35		5105.27		36.53		44.45		42.36		6227.84		63.57		1.73				5158.86		36.53		44.33		42.35																0.6357		0.0172995556		0		0

				Vidyo4		22		24672.78		48.81		24672.78		49.06		24703.75		48.82		24703.75		49.08		24672.78		44.89		48.81		49.06		7657.78		72.99		2.13				24703.75		44.89		48.82		49.08								0.3		0.6		-0.2				0.7299		0.0212716111		0		0

						27		14341.08		47.04		14341.08		47.17		14381.05		47.05		14381.05		47.18		14341.08		42.11		47.04		47.17		6925.39		70.94		1.92				14381.05		42.12		47.05		47.18																0.7094		0.0192371944		0		0

						32		8046.94		45.19		8046.94		45.08		8097.83		45.19		8097.83		45.12		8046.94		39.23		45.19		45.08		6474.76		66.93		1.80				8097.83		39.24		45.19		45.12																0.6693		0.0179854444		0		0

						37		4571.02		43.45		4571.02		43.05		4614.51		43.40		4614.51		43.08		4571.02		36.49		43.45		43.05		6322.68		62.97		1.76				4614.51		36.50		43.40		43.08																0.6297		0.017563		0		0

				Class A																																																		0.1		0.3		0.3

				Class B																																																		0.2		0.1		0.3

				Class C																																																		0.1		0.1		0.1

				Class D																																																		0.1		0.1		0.1

				Class E																																																		0.4		0.9		-0.2

				All																																																		0.2		0.2		0.1

				Time geomean																														46.4		1.3														0.0		0.0

				Time ratio																																														0%		0%

				Time sum (hours)																														1.62		162.50														0.00		0.00





Random access

		4.4						ref		ref		ref		ref		comp		comp		comp		comp		Reference																Tested

						QPISlice		kbps		U psnr		kbps		V psnr		kbps		U psnr		kbps		V psnr		kbps		Y psnr		U psnr		V psnr		Enc T [s]		Dec T [s]		Enc T [h]				kbps		Y psnr		U psnr		V psnr		Enc T		Dec T [s]		Enc T [h]		BD-rate Y		BD-rate U		BD-rate V

		Class A		Traffic		22		13659.39		41.59		13659.39		44.26		13642.42		41.58		13642.42		44.26		13659.39		41.80		41.59		44.26		18282.10		52.27		5.08				13642.42		41.79		41.58		44.26								0.9		0.9		0.3				0.5227		0.0507836111		0		0

		4K				27		5624.18		39.86		5624.18		42.33		5631.79		39.85		5631.79		42.34		5624.18		39.25		39.86		42.33		16332.66		48.79		4.54				5631.79		39.23		39.85		42.34																0.4879		0.0453685		0		0

						32		2678.45		38.36		2678.45		40.71		2690.13		38.35		2690.13		40.70		2678.45		36.64		38.36		40.71		15412.94		41.40		4.28				2690.13		36.62		38.35		40.70																0.414		0.0428137222		0		0

						37		1363.30		36.85		1363.30		39.21		1383.98		36.83		1383.98		39.21		1363.30		34.01		36.85		39.21		14891.23		38.48		4.14				1383.98		33.99		36.83		39.21																0.3848		0.0413645278		0		0

				PeopleOnStreet		22		34686.21		45.12		34686.21		44.81		34706.22		45.12		34706.22		44.81		34686.21		40.41		45.12		44.81		24275.23		67.24		6.74				34706.22		40.41		45.12		44.81								0.8		1.4		0.9				0.6724		0.0674311944		0		0

						27		16784.23		43.21		16784.23		43.45		16832.54		43.20		16832.54		43.45		16784.23		37.38		43.21		43.45		20872.04		59.49		5.80				16832.54		37.36		43.20		43.45																0.5949		0.0579778889		0		0

						32		8769.44		41.41		8769.44		42.01		8769.40		41.37		8769.40		41.98		8769.44		34.40		41.41		42.01		18852.99		56.69		5.24				8769.40		34.35		41.37		41.98																0.5669		0.0523694167		0		0

						37		4816.56		39.76		4816.56		40.59		4829.16		39.63		4829.16		40.51		4816.56		31.59		39.76		40.59		17739.55		55.79		4.93				4829.16		31.54		39.63		40.51																0.5579		0.0492765278		0		0

				Nebuta		22		220732.46		39.19		220732.46		37.76		220721.62		39.19		220721.62		37.75		220732.46		39.60		39.19		37.76		69055.83		183.87		19.18				220721.62		39.60		39.19		37.75								2.2		2.8		2.8				1.8387		0.19182175		0		0

						27		96915.20		37.98		96915.20		36.57		100822.96		37.97		100822.96		36.57		96915.20		33.74		37.98		36.57		56154.49		157.88		15.60				100822.96		33.87		37.97		36.57																1.5788		0.1559846944		0		0

						32		30464.04		36.63		30464.04		35.38		30515.30		36.62		30515.30		35.36		30464.04		29.78		36.63		35.38		42918.10		126.71		11.92				30515.30		29.77		36.62		35.36																1.2671		0.1192169444		0		0

						37		7137.94		35.09		7137.94		33.93		7174.46		35.06		7174.46		33.91		7137.94		28.04		35.09		33.93		35232.58		96.56		9.79				7174.46		28.03		35.06		33.91																0.9656		0.0978682778		0		0

				SteamLocomotive		22		24095.41		46.72		24095.41		46.42		24128.67		46.72		24128.67		46.41		24095.41		41.65		46.72		46.42		40342.28		109.29		11.21				24128.67		41.65		46.72		46.41								2.9		3.2		1.8				1.0929		0.1120618889		0		0

						27		6363.35		45.91		6363.35		45.75		6450.32		45.92		6450.32		45.74		6363.35		40.22		45.91		45.75		35213.08		95.60		9.78				6450.32		40.21		45.92		45.74																0.956		0.0978141111		0		0

						32		2644.30		45.22		2644.30		45.18		2712.86		45.21		2712.86		45.21		2644.30		38.91		45.22		45.18		33074.36		92.16		9.19				2712.86		38.89		45.21		45.21																0.9216		0.0918732222		0		0

						37		1253.36		44.61		1253.36		44.72		1317.19		44.55		1317.19		44.69		1253.36		37.19		44.61		44.72		31872.50		82.84		8.85				1317.19		37.16		44.55		44.69																0.8284		0.0885347222		0		0

		Class B		Kimono		22		4959.01		43.64		4959.01		45.46		4975.08		43.64		4975.08		45.45		4959.01		41.83		43.64		45.46		16027.91		45.30		4.45				4975.08		41.83		43.64		45.45								1.4		1.4		1.1				0.453		0.0445219722		0		0

		1080p				27		2285.42		42.23		2285.42		43.52		2303.60		42.23		2303.60		43.52		2285.42		39.93		42.23		43.52		14295.20		42.35		3.97				2303.60		39.92		42.23		43.52																0.4235		0.0397088889		0		0

						32		1108.57		40.88		1108.57		41.99		1121.91		40.86		1121.91		42.00		1108.57		37.58		40.88		41.99		13287.08		35.82		3.69				1121.91		37.56		40.86		42.00																0.3582		0.0369085556		0		0

						37		550.13		39.64		550.13		40.89		561.59		39.61		561.59		40.86		550.13		35.19		39.64		40.89		12495.97		30.26		3.47				561.59		35.16		39.61		40.86																0.3026		0.0347110278		0		0

				ParkScene		22		7991.17		42.46		7991.17		43.93		7993.18		42.47		7993.18		43.92		7991.17		40.19		42.46		43.93		15730.12		45.41		4.37				7993.18		40.18		42.47		43.92								0.8		0.6		1.0				0.4541		0.0436947778		0		0

						27		3524.37		40.57		3524.37		41.61		3531.01		40.57		3531.01		41.59		3524.37		37.62		40.57		41.61		13705.49		40.67		3.81				3531.01		37.62		40.57		41.59																0.4067		0.0380708056		0		0

						32		1614.40		38.80		1614.40		39.89		1623.48		38.79		1623.48		39.88		1614.40		34.98		38.80		39.89		12735.08		36.06		3.54				1623.48		34.96		38.79		39.88																0.3606		0.0353752222		0		0

						37		735.74		37.13		735.74		38.75		746.04		37.13		746.04		38.73		735.74		32.48		37.13		38.75		12133.22		29.44		3.37				746.04		32.47		37.13		38.73																0.2944		0.0337033889		0		0

				Cactus		22		18680.97		40.05		18680.97		43.61		18535.79		40.03		18535.79		43.61		18680.97		38.58		40.05		43.61		38303.28		98.45		10.64				18535.79		38.57		40.03		43.61								1.5		1.9		1.4				0.9845		0.106398		0		0

						27		6027.93		39.07		6027.93		41.84		6055.39		39.07		6055.39		41.83		6027.93		36.92		39.07		41.84		30944.05		78.17		8.60				6055.39		36.92		39.07		41.83																0.7817		0.0859556944		0		0

						32		2787.41		38.11		2787.41		40.07		2824.90		38.10		2824.90		40.07		2787.41		34.97		38.11		40.07		28437.69		64.33		7.90				2824.90		34.96		38.10		40.07																0.6433		0.0789935833		0		0

						37		1377.25		37.04		1377.25		38.32		1412.16		36.99		1412.16		38.25		1377.25		32.79		37.04		38.32		27190.58		55.40		7.55				1412.16		32.76		36.99		38.25																0.554		0.0755293889		0		0

				BasketballDrive		22		17959.75		43.93		17959.75		45.20		18009.12		43.92		18009.12		45.19		17959.75		39.28		43.93		45.20		37850.46		102.17		10.51				18009.12		39.28		43.92		45.19								1.4		2.8		2.0				1.0217		0.1051401667		0		0

						27		6342.11		42.61		6342.11		43.08		6391.65		42.59		6391.65		43.06		6342.11		37.59		42.61		43.08		32466.89		90.34		9.02				6391.65		37.59		42.59		43.06																0.9034		0.0901858056		0		0

						32		2939.56		41.13		2939.56		40.86		2974.27		41.09		2974.27		40.83		2939.56		35.74		41.13		40.86		29810.18		84.89		8.28				2974.27		35.73		41.09		40.83																0.8489		0.0828060556		0		0

						37		1488.91		39.60		1488.91		38.76		1517.14		39.53		1517.14		38.71		1488.91		33.75		39.60		38.76		28180.88		78.29		7.83				1517.14		33.72		39.53		38.71																0.7829		0.0782802222		0		0

				BQTerrace		22		40433.88		42.30		40433.88		44.43		40319.02		42.29		40319.02		44.43		40433.88		37.58		42.30		44.43		53543.94		154.14		14.87				40319.02		37.56		42.29		44.43								1.3		1.2		1.7				1.5414		0.1487331667		0		0

						27		7622.75		41.01		7622.75		43.27		7607.05		40.99		7607.05		43.26		7622.75		35.38		41.01		43.27		39364.38		108.48		10.93				7607.05		35.36		40.99		43.26																1.0848		0.1093455		0		0

						32		2394.49		39.58		2394.49		42.08		2402.56		39.58		2402.56		42.06		2394.49		33.90		39.58		42.08		35494.00		95.22		9.86				2402.56		33.88		39.58		42.06																0.9522		0.0985944444		0		0

						37		1017.62		38.28		1017.62		40.95		1045.85		38.26		1045.85		40.90		1017.62		32.06		38.28		40.95		34243.29		81.56		9.51				1045.85		32.04		38.26		40.90																0.8156		0.09512025		0		0

		Class C		BasketballDrill		22		3642.30		43.06		3642.30		43.61		3669.89		43.05		3669.89		43.61		3642.30		40.48		43.06		43.61		7578.88		18.87		2.11				3669.89		40.49		43.05		43.61								1.7		2.1		1.9				0.1887		0.0210524444		0		0

		WVGA				27		1761.59		40.46		1761.59		40.63		1779.00		40.45		1779.00		40.64		1761.59		37.32		40.46		40.63		6619.10		15.05		1.84				1779.00		37.31		40.45		40.64																0.1505		0.0183863889		0		0

						32		848.96		38.09		848.96		37.97		863.30		38.05		863.30		37.93		848.96		34.41		38.09		37.97		5925.10		12.43		1.65				863.30		34.39		38.05		37.93																0.1243		0.0164586111		0		0

						37		425.49		35.98		425.49		35.69		439.74		35.96		439.74		35.63		425.49		31.87		35.98		35.69		5535.50		10.15		1.54				439.74		31.85		35.96		35.63																0.1015		0.0153763889		0		0

				BQMall		22		3806.53		43.60		3806.53		45.14		3819.62		43.59		3819.62		45.12		3806.53		40.31		43.60		45.14		8901.06		23.15		2.47				3819.62		40.31		43.59		45.12								1.2		1.8		1.4				0.2315		0.0247251667		0		0

						27		1803.67		41.64		1803.67		42.80		1814.22		41.63		1814.22		42.80		1803.67		37.75		41.64		42.80		7759.44		19.28		2.16				1814.22		37.74		41.63		42.80																0.1928		0.021554		0		0

						32		901.59		39.73		901.59		40.64		913.05		39.70		913.05		40.63		901.59		34.95		39.73		40.64		7148.58		15.70		1.99				913.05		34.94		39.70		40.63																0.157		0.0198571667		0		0

						37		464.85		37.80		464.85		38.56		476.14		37.77		476.14		38.50		464.85		32.17		37.80		38.56		6756.48		12.84		1.88				476.14		32.16		37.77		38.50																0.1284		0.018768		0		0

				PartyScene		22		7045.38		41.49		7045.38		42.52		7024.58		41.48		7024.58		42.52		7045.38		38.40		41.49		42.52		8662.73		24.49		2.41				7024.58		38.38		41.48		42.52								0.6		0.7		0.6				0.2449		0.0240631389		0		0

						27		3228.86		38.80		3228.86		39.70		3228.22		38.79		3228.22		39.69		3228.86		34.86		38.80		39.70		7223.30		20.74		2.01				3228.22		34.85		38.79		39.69																0.2074		0.0200647222		0		0

						32		1518.15		36.62		1518.15		37.45		1520.13		36.60		1520.13		37.43		1518.15		31.63		36.62		37.45		6357.16		17.22		1.77				1520.13		31.61		36.60		37.43																0.1722		0.0176587778		0		0

						37		700.09		34.79		700.09		35.50		706.29		34.78		706.29		35.47		700.09		28.66		34.79		35.50		5838.57		13.27		1.62				706.29		28.64		34.78		35.47																0.1327		0.01621825		0		0

				RaceHorses		22		4992.81		41.42		4992.81		42.91		5000.75		41.42		5000.75		42.90		4992.81		39.18		41.42		42.91		5904.04		16.69		1.64				5000.75		39.18		41.42		42.90								0.9		1.0		0.9				0.1669		0.0164001111		0		0

						27		2136.18		39.05		2136.18		40.68		2147.55		39.04		2147.55		40.67		2136.18		35.91		39.05		40.68		4858.55		13.46		1.35				2147.55		35.90		39.04		40.67																0.1346		0.0134959722		0		0

						32		996.53		36.92		996.53		38.67		1001.28		36.91		1001.28		38.67		996.53		33.00		36.92		38.67		4204.33		10.94		1.17				1001.28		32.98		36.91		38.67																0.1094		0.0116786944		0		0

						37		469.71		35.12		469.71		36.79		474.96		35.09		474.96		36.74		469.71		30.30		35.12		36.79		3828.46		8.62		1.06				474.96		30.27		35.09		36.74																0.0862		0.0106346111		0		0

		Class D		BasketballPass		22		1581.90		44.00		1581.90		43.10		1589.12		44.01		1589.12		43.10		1581.90		40.80		44.00		43.10		2047.11		5.63		0.57				1589.12		40.80		44.01		43.10								1.0		1.3		1.0				0.0563		0.0056864167		0		0

		WQVGA				27		794.99		41.28		794.99		39.95		799.96		41.28		799.96		39.95		794.99		36.97		41.28		39.95		1770.85		4.44		0.49				799.96		36.97		41.28		39.95																0.0444		0.0049190278		0		0

						32		389.44		38.89		389.44		37.23		394.00		38.87		394.00		37.23		389.44		33.58		38.89		37.23		1582.85		3.53		0.44				394.00		33.57		38.87		37.23																0.0353		0.0043968056		0		0

						37		193.81		36.79		193.81		34.89		198.57		36.74		198.57		34.90		193.81		30.74		36.79		34.89		1459.55		2.86		0.41				198.57		30.73		36.74		34.90																0.0286		0.0040543056		0		0

				BQSquare		22		1656.65		43.27		1656.65		44.38		1660.12		43.25		1660.12		44.37		1656.65		38.13		43.27		44.38		2420.76		7.30		0.67				1660.12		38.12		43.25		44.37								1.3		0.6		0.4				0.073		0.0067243333		0		0

						27		651.18		41.07		651.18		42.04		654.41		41.07		654.41		42.04		651.18		34.82		41.07		42.04		1988.72		5.99		0.55				654.41		34.81		41.07		42.04																0.0599		0.0055242222		0		0

						32		295.94		39.41		295.94		40.30		299.86		39.43		299.86		40.34		295.94		31.94		39.41		40.30		1789.35		5.03		0.50				299.86		31.93		39.43		40.34																0.0503		0.0049704167		0		0

						37		147.69		37.99		147.69		38.62		151.73		38.00		151.73		38.67		147.69		29.15		37.99		38.62		1687.00		3.77		0.47				151.73		29.14		38.00		38.67																0.0377		0.0046861111		0		0

				BlowingBubbles		22		1694.39		41.35		1694.39		42.30		1699.44		41.35		1699.44		42.29		1694.39		38.34		41.35		42.30		2021.21		5.90		0.56				1699.44		38.34		41.35		42.29								1.0		0.9		1.1				0.059		0.0056144722		0		0

						27		788.57		38.62		788.57		39.39		792.32		38.63		792.32		39.39		788.57		34.93		38.62		39.39		1688.80		4.58		0.47				792.32		34.92		38.63		39.39																0.0458		0.0046911111		0		0

						32		367.68		36.33		367.68		37.05		371.55		36.32		371.55		37.03		367.68		31.64		36.33		37.05		1491.70		3.34		0.41				371.55		31.63		36.32		37.03																0.0334		0.0041436111		0		0

						37		167.26		34.31		167.26		34.95		171.14		34.28		171.14		34.93		167.26		28.69		34.31		34.95		1383.84		2.55		0.38				171.14		28.68		34.28		34.93																0.0255		0.003844		0		0

				RaceHorses		22		1259.90		41.58		1259.90		42.66		1262.61		41.58		1262.61		42.64		1259.90		39.60		41.58		42.66		1410.56		4.09		0.39				1262.61		39.61		41.58		42.64								1.0		0.8		1.2				0.0409		0.0039182222		0		0

						27		623.80		38.79		623.80		40.00		626.82		38.80		626.82		40.00		623.80		35.78		38.79		40.00		1181.17		3.16		0.33				626.82		35.77		38.80		40.00																0.0316		0.0032810278		0		0

						32		299.82		36.48		299.82		37.67		302.61		36.48		302.61		37.66		299.82		32.29		36.48		37.67		1020.67		2.51		0.28				302.61		32.28		36.48		37.66																0.0251		0.0028351944		0		0

						37		142.28		34.47		142.28		35.54		145.31		34.46		145.31		35.48		142.28		29.46		34.47		35.54		922.92		2.01		0.26				145.31		29.45		34.46		35.48																0.0201		0.0025636667		0		0

		ClassE		Vidyo1		22		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

		720p				27		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						32		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						37		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

				Vidyo3		22		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						27		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						32		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						37		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

				Vidyo4		22		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						27		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						32		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						37		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

				Class A																																																		1.7		2.1		1.5

				Class B																																																		1.3		1.6		1.4

				Class C																																																		1.1		1.4		1.2

				Class D																																																		1.1		0.9		0.9

				Class E

				All																																																		1.3		1.5		1.3

				Time geomean																														24.5		2.6														0.0		0.0

				Time ratio																																														0%		0%

				Time sum (hours)																														0.86		318.26														0.00		0.00





Low delay

								ref		ref		ref		ref		comp		comp		comp		comp		Reference																Tested

						QPISlice		kbps		U psnr		kbps		V psnr		kbps		U psnr		kbps		V psnr		kbps		Y psnr		U psnr		V psnr		Enc T [s]		Dec T [s]		Enc T [h]				kbps		Y psnr		U psnr		V psnr		Enc T		Dec T [s]		Enc T [h]		BD-rate Y		BD-rate U		BD-rate V

		Class A		Traffic		22		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

		4K				27		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						32		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						37		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

				PeopleOnStreet		22		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						27		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						32		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						37		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

				Nebuta		22		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						27		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						32		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						37		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

				SteamLocomotive		22		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						27		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						32		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

						37		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00																																								0		0		0		0

		Class B		Kimono		22		5410.26		43.45		5410.26		44.86		5426.24		43.45		5426.24		44.84		5410.26		41.88		43.45		44.86		23209.02		56.55		6.45				5426.24		41.87		43.45		44.84								1.8		2.7		2.8				0.5655		0.0644695		0		0

		1080p				27		2514.17		41.74		2514.17		42.82		2531.32		41.74		2531.32		42.80		2514.17		39.82		41.74		42.82		20732.88		52.23		5.76				2531.32		39.81		41.74		42.80																0.5223		0.0575913333		0		0

						32		1205.67		40.23		1205.67		41.32		1219.79		40.19		1219.79		41.30		1205.67		37.27		40.23		41.32		19523.40		47.55		5.42				1219.79		37.24		40.19		41.30																0.4755		0.0542316667		0		0

						37		573.01		38.77		573.01		40.16		585.56		38.60		585.56		40.01		573.01		34.62		38.77		40.16		18777.97		39.90		5.22				585.56		34.57		38.60		40.01																0.399		0.0521610278		0		0

				ParkScene		22		8402.71		41.95		8402.71		43.05		8399.56		41.94		8399.56		43.03		8402.71		39.95		41.95		43.05		21432.47		50.73		5.95				8399.56		39.93		41.94		43.03								1.4		1.9		2.2				0.5073		0.0595346389		0		0

						27		3423.91		39.77		3423.91		40.73		3431.89		39.75		3431.89		40.72		3423.91		36.99		39.77		40.73		18393.55		42.74		5.11				3431.89		36.97		39.75		40.72																0.4274		0.0510931944		0		0

						32		1449.41		37.84		1449.41		39.12		1458.10		37.81		1458.10		39.11		1449.41		34.17		37.84		39.12		17222.09		40.09		4.78				1458.10		34.13		37.81		39.11																0.4009		0.0478391389		0		0

						37		608.52		36.10		608.52		37.99		616.54		35.98		616.54		37.85		608.52		31.57		36.10		37.99		16651.55		37.51		4.63				616.54		31.51		35.98		37.85																0.3751		0.0462543056		0		0

				Cactus		22		20122.43		40.07		20122.43		43.13		19967.95		40.05		19967.95		43.13		20122.43		38.74		40.07		43.13		44905.55		100.06		12.47				19967.95		38.73		40.05		43.13								2.0		3.0		2.5				1.0006		0.1247376389		0		0

						27		6306.55		38.75		6306.55		41.10		6337.57		38.74		6337.57		41.09		6306.55		36.67		38.75		41.10		36941.67		77.55		10.26				6337.57		36.66		38.74		41.09																0.7755		0.10261575		0		0

						32		2813.47		37.56		2813.47		39.11		2852.46		37.53		2852.46		39.06		2813.47		34.48		37.56		39.11		33851.80		73.24		9.40				2852.46		34.44		37.53		39.06																0.7324		0.0940327778		0		0

						37		1328.32		36.31		1328.32		37.10		1358.89		36.16		1358.89		36.99		1328.32		32.16		36.31		37.10		32704.00		63.93		9.08				1358.89		32.10		36.16		36.99																0.6393		0.0908444444		0		0

				BasketballDrive		22		20428.45		43.66		20428.45		44.86		20429.28		43.63		20429.28		44.84		20428.45		39.51		43.66		44.86		48680.71		119.50		13.52				20429.28		39.50		43.63		44.84								1.9		3.8		2.8				1.195		0.1352241944		0		0

						27		7100.89		42.15		7100.89		42.58		7148.37		42.12		7148.37		42.55		7100.89		37.57		42.15		42.58		41532.64		101.52		11.54				7148.37		37.56		42.12		42.55																1.0152		0.1153684444		0		0

						32		3277.25		40.49		3277.25		40.22		3320.48		40.43		3320.48		40.16		3277.25		35.60		40.49		40.22		37922.93		96.96		10.53				3320.48		35.57		40.43		40.16																0.9696		0.1053414722		0		0

						37		1614.46		38.67		1614.46		37.87		1642.98		38.49		1642.98		37.70		1614.46		33.43		38.67		37.87		36401.77		93.89		10.11				1642.98		33.35		38.49		37.70																0.9389		0.1011160278		0		0

				BQTerrace		22		51150.58		41.91		51150.58		43.98		51003.61		41.90		51003.61		43.99		51150.58		38.31		41.91		43.98		63400.68		163.74		17.61				51003.61		38.30		41.90		43.99								1.8		3.2		2.2				1.6374		0.176113		0		0

						27		8047.51		40.47		8047.51		42.78		8010.07		40.43		8010.07		42.78		8047.51		35.40		40.47		42.78		45847.08		109.99		12.74				8010.07		35.38		40.43		42.78																1.0999		0.127353		0		0

						32		2205.00		38.98		2205.00		41.56		2206.68		38.94		2206.68		41.51		2205.00		33.50		38.98		41.56		41702.26		104.02		11.58				2206.68		33.44		38.94		41.51																1.0402		0.1158396111		0		0

						37		818.96		37.50		818.96		40.24		838.58		37.47		838.58		40.18		818.96		31.29		37.50		40.24		40415.61		86.63		11.23				838.58		31.19		37.47		40.18																0.8663		0.1122655833		0		0

		Class C		BasketballDrill		22		4028.81		42.42		4028.81		42.93		4057.32		42.38		4057.32		42.88		4028.81		40.11		42.42		42.93		9968.33		22.05		2.77				4057.32		40.12		42.38		42.88								2.0		2.9		3.1				0.2205		0.0276898056		0		0

		WVGA				27		1906.10		39.62		1906.10		39.81		1929.58		39.60		1929.58		39.76		1906.10		36.86		39.62		39.81		8629.00		19.14		2.40				1929.58		36.84		39.60		39.76																0.1914		0.0239694444		0		0

						32		901.67		37.07		901.67		37.01		919.00		37.01		919.00		36.94		901.67		33.95		37.07		37.01		7807.17		16.68		2.17				919.00		33.92		37.01		36.94																0.1668		0.0216865833		0		0

						37		439.43		34.99		439.43		34.57		450.85		34.90		450.85		34.51		439.43		31.37		34.99		34.57		7297.80		13.15		2.03				450.85		31.33		34.90		34.51																0.1315		0.0202716667		0		0

				BQMall		22		4356.08		43.01		4356.08		44.35		4362.45		42.97		4362.45		44.33		4356.08		40.16		43.01		44.35		11428.16		26.22		3.17				4362.45		40.15		42.97		44.33								1.4		1.9		2.0				0.2622		0.0317448889		0		0

						27		1975.47		40.83		1975.47		41.86		1986.35		40.82		1986.35		41.85		1975.47		37.23		40.83		41.86		9822.03		22.37		2.73				1986.35		37.21		40.82		41.85																0.2237		0.0272834167		0		0

						32		957.53		38.72		957.53		39.56		969.55		38.69		969.55		39.52		957.53		34.22		38.72		39.56		9037.73		19.05		2.51				969.55		34.20		38.69		39.52																0.1905		0.0251048056		0		0

						37		475.71		36.42		475.71		37.12		485.12		36.36		485.12		37.00		475.71		31.27		36.42		37.12		8648.83		15.90		2.40				485.12		31.24		36.36		37.00																0.159		0.0240245278		0		0

				PartyScene		22		8538.49		40.81		8538.49		41.68		8484.14		40.76		8484.14		41.66		8538.49		38.28		40.81		41.68		11642.65		28.99		3.23				8484.14		38.25		40.76		41.66								0.9		1.6		1.7				0.2899		0.0323406944		0		0

						27		3708.39		38.07		3708.39		38.85		3700.72		38.03		3700.72		38.81		3708.39		34.38		38.07		38.85		9487.20		23.01		2.64				3700.72		34.35		38.03		38.81																0.2301		0.0263533333		0		0

						32		1624.73		35.73		1624.73		36.47		1627.79		35.71		1627.79		36.42		1624.73		30.89		35.73		36.47		8258.94		19.18		2.29				1627.79		30.84		35.71		36.42																0.1918		0.0229415		0		0

						37		674.10		33.70		674.10		34.35		680.56		33.61		680.56		34.26		674.10		27.63		33.70		34.35		7553.98		14.00		2.10				680.56		27.57		33.61		34.26																0.14		0.0209832778		0		0

				RaceHorses		22		5915.74		41.38		5915.74		42.70		5920.82		41.36		5920.82		42.70		5915.74		40.02		41.38		42.70		7649.34		19.82		2.12				5920.82		40.01		41.36		42.70								1.0		2.7		2.6				0.1982		0.0212481667		0		0

						27		2405.83		38.62		2405.83		40.22		2415.34		38.59		2415.34		40.19		2405.83		36.26		38.62		40.22		6319.21		16.24		1.76				2415.34		36.25		38.59		40.19																0.1624		0.0175533611		0		0

						32		1071.60		36.34		1071.60		38.00		1081.64		36.28		1081.64		37.94		1071.60		33.02		36.34		38.00		5489.18		13.61		1.52				1081.64		33.00		36.28		37.94																0.1361		0.0152477222		0		0

						37		474.08		34.34		474.08		35.85		479.98		34.15		479.98		35.63		474.08		30.09		34.34		35.85		5010.08		11.11		1.39				479.98		30.04		34.15		35.63																0.1111		0.0139168889		0		0

		Class D		BasketballPass		22		1827.95		43.34		1827.95		42.77		1832.12		43.35		1832.12		42.79		1827.95		40.94		43.34		42.77		2399.11		5.85		0.67				1832.12		40.94		43.35		42.79								1.0		1.3		0.9				0.0585		0.0066641944		0		0

		WQVGA				27		913.69		40.48		913.69		39.45		919.96		40.49		919.96		39.47		913.69		36.97		40.48		39.45		2087.66		4.93		0.58				919.96		36.98		40.49		39.47																0.0493		0.0057990556		0		0

						32		443.08		38.00		443.08		36.61		447.47		37.97		447.47		36.58		443.08		33.44		38.00		36.61		1864.08		4.12		0.52				447.47		33.43		37.97		36.58																0.0412		0.005178		0		0

						37		215.32		35.65		215.32		33.99		219.51		35.57		219.51		33.97		215.32		30.44		35.65		33.99		1746.34		3.31		0.49				219.51		30.42		35.57		33.97																0.0331		0.0048509444		0		0

				BQSquare		22		2295.85		42.47		2295.85		43.48		2302.15		42.44		2302.15		43.45		2295.85		38.15		42.47		43.48		3037.03		8.02		0.84				2302.15		38.14		42.44		43.45								1.6		2.3		0.1				0.0802		0.0084361944		0		0

						27		821.30		40.54		821.30		41.37		826.02		40.51		826.02		41.34		821.30		34.16		40.54		41.37		2413.34		6.37		0.67				826.02		34.15		40.51		41.34																0.0637		0.0067037222		0		0

						32		333.05		38.85		333.05		39.47		337.14		38.85		337.14		39.57		333.05		30.97		38.85		39.47		2107.56		4.68		0.59				337.14		30.94		38.85		39.57																0.0468		0.0058543333		0		0

						37		134.99		37.27		134.99		37.64		138.34		37.21		138.34		37.62		134.99		27.80		37.27		37.64		1966.56		3.27		0.55				138.34		27.73		37.21		37.62																0.0327		0.0054626667		0		0

				BlowingBubbles		22		2025.43		40.57		2025.43		41.27		2025.89		40.55		2025.89		41.25		2025.43		37.99		40.57		41.27		2469.89		6.26		0.69				2025.89		37.98		40.55		41.25								1.0		1.5		2.1				0.0626		0.0068608056		0		0

						27		879.28		37.73		879.28		38.32		882.36		37.73		882.36		38.29		879.28		34.19		37.73		38.32		2010.97		4.37		0.56				882.36		34.19		37.73		38.29																0.0437		0.0055860278		0		0

						32		376.28		35.30		376.28		35.87		380.26		35.27		380.26		35.84		376.28		30.69		35.30		35.87		1763.30		3.32		0.49				380.26		30.67		35.27		35.84																0.0332		0.0048980556		0		0

						37		154.89		33.01		154.89		33.59		158.99		32.97		158.99		33.49		154.89		27.60		33.01		33.59		1633.01		2.67		0.45				158.99		27.58		32.97		33.49																0.0267		0.0045361389		0		0

				RaceHorses		22		1413.55		41.16		1413.55		42.19		1417.30		41.14		1417.30		42.20		1413.55		39.96		41.16		42.19		1683.40		4.49		0.47				1417.30		39.95		41.14		42.20								1.0		1.8		2.0				0.0449		0.0046761111		0		0

						27		682.84		38.20		682.84		39.31		686.26		38.17		686.26		39.29		682.84		35.79		38.20		39.31		1411.74		3.73		0.39				686.26		35.79		38.17		39.29																0.0373		0.0039215		0		0

						32		320.68		35.71		320.68		36.79		324.51		35.66		324.51		36.73		320.68		32.13		35.71		36.79		1220.50		3.04		0.34				324.51		32.11		35.66		36.73																0.0304		0.0033902778		0		0

						37		148.73		33.33		148.73		34.27		150.86		33.28		150.86		34.19		148.73		29.21		33.33		34.27		1112.64		2.32		0.31				150.86		29.18		33.28		34.19																0.0232		0.0030906667		0		0

		ClassE		Vidyo1		22		2076.24		46.81		2076.24		47.79		2075.27		46.82		2075.27		47.77		2076.24		43.51		46.81		47.79		17996.25		39.35		5.00				2075.27		43.48		46.82		47.77								4.6		4.7		4.2				0.3935		0.0499895833		0		0

		720p				27		779.56		45.53		779.56		46.08		791.39		45.51		791.39		46.13		779.56		41.16		45.53		46.08		17101.66		30.86		4.75				791.39		41.13		45.51		46.13																0.3086		0.0475046111		0		0

						32		373.83		43.92		373.83		44.20		389.46		43.86		389.46		44.13		373.83		38.63		43.92		44.20		16550.82		26.09		4.60				389.46		38.60		43.86		44.13																0.2609		0.0459745		0		0

						37		194.40		42.21		194.40		42.19		212.62		42.24		212.62		42.13		194.40		35.90		42.21		42.19		16319.50		22.79		4.53				212.62		35.81		42.24		42.13																0.2279		0.0453319444		0		0

				Vidyo3		22		2703.89		48.42		2703.89		47.78		2702.94		48.38		2702.94		47.77		2703.89		43.37		48.42		47.78		18206.42		39.52		5.06				2702.94		43.32		48.38		47.77								6.5		2.7		3.4				0.3952		0.0505733889		0		0

						27		927.71		46.86		927.71		45.75		947.47		46.97		947.47		45.76		927.71		40.90		46.86		45.75		16881.58		33.43		4.69				947.47		40.82		46.97		45.76																0.3343		0.0468932778		0		0

						32		445.00		45.44		445.00		43.84		466.33		45.42		466.33		43.83		445.00		38.22		45.44		43.84		16555.61		34.17		4.60				466.33		38.11		45.42		43.83																0.3417		0.0459878056		0		0

						37		235.59		43.80		235.59		42.01		256.27		43.74		256.27		42.02		235.59		35.25		43.80		42.01		16523.23		29.47		4.59				256.27		35.15		43.74		42.02																0.2947		0.0458978611		0		0

				Vidyo4		22		2271.77		48.09		2271.77		48.21		2280.13		48.07		2280.13		48.21		2271.77		43.28		48.09		48.21		17914.50		38.69		4.98				2280.13		43.24		48.07		48.21								5.8		6.4		6.0				0.3869		0.0497625		0		0

						27		768.06		46.28		768.06		46.28		784.78		46.23		784.78		46.29		768.06		40.82		46.28		46.28		16763.87		32.93		4.66				784.78		40.79		46.23		46.29																0.3293		0.0465663056		0		0

						32		342.72		44.32		342.72		44.14		362.80		44.28		362.80		44.06		342.72		38.20		44.32		44.14		16440.23		28.84		4.57				362.80		38.17		44.28		44.06																0.2884		0.0456673056		0		0

						37		173.99		42.25		173.99		41.82		194.08		42.21		194.08		41.72		173.99		35.54		42.25		41.82		16298.49		24.01		4.53				194.08		35.48		42.21		41.72																0.2401		0.0452735833		0		0

				Class A

				Class B																																																		1.8		2.9		2.5

				Class C																																																		1.4		2.3		2.4

				Class D																																																		1.2		1.7		1.3

				Class E																																																		5.6		4.6		4.5

				All																																																		2.2		2.8		2.5

				Time geomean																														21.4		2.7														0.0		0.0

				Time ratio																																														0%		0%

				Time sum (hours)																														0.64		285.77														0.00		0.00






