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1. Introduction		

This document presents the work made during the integration of version 13.0 and the results of the validation experiments that were made on this version. The last part of this  document compares the performance of the TM2 with the various video codecs available in the software: JM (AVC), HM (HEVC), HM with RDO optimization and VTM (VVC).


2. Release 13.0

Organization of the developments	

According to the discussions taken during last MPEG meeting, developments were organized in several sprints of two and three weeks. The GitHub website was used to organize the tasks in milestones achieved by each participant. 

This new way to proceed seems more efficient and appropriate for each participant and we propose to continue the future developments based on this organization.

Developments

The main changes that have been managed during the R13.0 integration stages are as follows: 

· Update conformance tests: [V-PCC] V-PCC Conformance Test Revised CD for Study [m56115]
· Conformance traces and log files update
· Addition of a new PccLibConformance library which contains the conformance check processes
· Creation of a new PccAppConformance application to compare encoder and decoder conformance log files
· Addition of the conformance tests in deocder application
· Update supported video codecs:
· AVC/JM: [V-PCC] EE4FE 2.7 Report on integration of the internal AVC codec on V-PCC test model [m56149]
· VVC/VTM [VPCC] [EE4FE 2.7 Report] VVC tool analysis for VPCC content [m54665]
· HEVC+optimized RDO based on occupancy map: [VPCC] [New Contribution] Occupancy-map-based rate distortion optimization [m52765]
· Bug fixes and alignment with specifications:
· Alignment with the specifications
· Texture raw patch size and offset 
· Tile partition size
· Sample stream/bytes stream conversions bug fixes
· Sample stream/bytes stream conversions VVC support  
· etc…
· Update documentations
· Source code cleaning and formatting

3. Evaluations 

This section presents the experimentations that have been performed to evaluate the tmc2. 

4.1. Conformance tests

The software used to do the experiments can be found in the MPEG GitLab http://mpegx.int-evry.fr/software/MPEG/PCC/TM/mpeg-pcc-tmc2.git into the integration branch release-v13.0. The experiments have been made for the CTC conditions: C2AI, C2RA, CWAI,CWLD, with 4 frames. 

Here is the list of acronyms we have used to name all configuration:
· LC	  Layer Count
· SV 	  Separate video	
· NO        Normal orientation
· GPA	  Global Patch Allocation
· LMP	  Lossy Missed Points Patch
· EDD	  Enhanced DeltaDepth (EOM)
· SV	  Use Missed Points Separate Video
· GS	  Geometry Smoothing (0: no smoothing / 1: grid smoothing)
· RAW	  Raw points
· OM	  Occupancy Map Refinemement
· APM	  Additional Projection Plane Mode
· PS	  Packing Strategy
· PBF	  Patch Border Filtering
· SPI	  Single Pixel Interleaving
· PLR	  Point Local Reconstruction
· CPS	  Color Post Smoothing (attribute smoothing)
· CS	  Color Smoothing
· GCS	  Grid Color Smoothing
· MS	  Multiple Streams
· AT	  Absolute Texture
· AD	  Absolute Depth
· GPA	  Global Patch Allocation
· PS	  Packing Strategy
· GN2dB Geometry Nominal 2d Bitdepth
	#
	Configurations
	Encoder parameters

	1
	LC2              
	 

	2
	LC1              
	 --mapCountMinus1=0 

	3
	conf0            
	 --decodedAtlasInformationHash=0 

	4
	conf1            
	 --decodedAtlasInformationHash=1 

	5
	conf2            
	 --decodedAtlasInformationHash=2 

	6
	conf3            
	 --decodedAtlasInformationHash=3 

	7
	jm               
	 --videoEncoderOccupancyCodecId=2 --videoEncoderGeometryCodecId=2 --videoEncoderAttributeCodecId=2 

	8
	vtm              
	 --videoEncoderOccupancyCodecId=4 --videoEncoderGeometryCodecId=4 --videoEncoderAttributeCodecId=4 

	9
	tileT2M4P11      
	 --tileSegmentationType=2 --numMaxTilePerFrame=4 --tilePartitionWidth=1 --tilePartitionHeight=1 

	10
	tileT2M4P21      
	 --tileSegmentationType=2 --numMaxTilePerFrame=4 --tilePartitionWidth=2 --tilePartitionHeight=1 

	11
	tileT2M4P12      
	 --tileSegmentationType=2 --numMaxTilePerFrame=4 --tilePartitionWidth=1 --tilePartitionHeight=2 

	12
	tileT2M4P22      
	 --tileSegmentationType=2 --numMaxTilePerFrame=4 --tilePartitionWidth=2 --tilePartitionHeight=2 

	13
	conf0           
	 --decodedAtlasInformationHash=0 

	14
	conf1           
	 --decodedAtlasInformationHash=1 

	15
	conf2           
	 --decodedAtlasInformationHash=2 

	16
	jm              
	 --videoEncoderOccupancyCodecId=2 --videoEncoderGeometryCodecId=2 --videoEncoderAttributeCodecId=2 

	17
	vtm             
	 --videoEncoderOccupancyCodecId=4 --videoEncoderGeometryCodecId=4 --videoEncoderAttributeCodecId=4 

	18
	LC2_SV          
	 --useRawPointsSeparateVideo=1 

	19
	LC1_SV          
	 --useRawPointsSeparateVideo=1 --mapCountMinus1=0 

	20
	LC2-NO0          
	 --normalOrientation=0 

	21
	LC2-NO1          
	 --normalOrientation=1 

	22
	LC2-NO2          
	 --normalOrientation=2 

	23
	LC2-NO3          
	 --normalOrientation=3 

	24
	LC2_EOM0         
	 --enhancedOccupancyMapCode=0 

	25
	LC2_EOM1         
	 --enhancedOccupancyMapCode=1 

	26
	LC2_LRAW         
	 --lossyRawPointsPatch=1 

	27
	LC2_LRAW_SV      
	 --lossyRawPointsPatch=1 --useRawPointsSeparateVideo=1 

	28
	LC2_EOM0_LRAW_SV 
	 --enhancedOccupancyMapCode=0 --lossyRawPointsPatch=1 --useRawPointsSeparateVideo=1 

	29
	LC1_EOM0_LRAW_SV 
	 --enhancedOccupancyMapCode=0 --lossyRawPointsPatch=1 --useRawPointsSeparateVideo=1 --mapCountMinus1=0 

	30
	LC2_EOM1_LRAW_SV 
	 --enhancedOccupancyMapCode=1 --lossyRawPointsPatch=1 --useRawPointsSeparateVideo=1 

	31
	LC1_EOM1_LRAW_SV 
	 --enhancedOccupancyMapCode=1 --lossyRawPointsPatch=1 --useRawPointsSeparateVideo=1 --mapCountMinus1=0 

	32
	LC2_EOM0_LRAW    
	 --enhancedOccupancyMapCode=0 --lossyRawPointsPatch=1 

	33
	LC1_EOM0_LRAW    
	 --enhancedOccupancyMapCode=0 --lossyRawPointsPatch=1 --mapCountMinus1=0 

	34
	LC2_EOM1_LRAW    
	 --enhancedOccupancyMapCode=1 --lossyRawPointsPatch=1 

	35
	LC1_EOM1_LRAW    
	 --enhancedOccupancyMapCode=1 --lossyRawPointsPatch=1 --mapCountMinus1=0 

	36
	LC2_CPS0         
	 --flagColorPreSmoothing=0 

	37
	LC2_CPS1         
	 --flagColorPreSmoothing=1 

	38
	LC2_MS1_AT10_AD10
	 --multipleStreams=1 --absoluteT1=0 --absoluteD1=0 

	39
	LC2_MS1_AT10_AD11
	 --multipleStreams=1 --absoluteT1=0 --absoluteD1=1 

	40
	LC2_MS1_AT11_AD10
	 --multipleStreams=1 --absoluteT1=1 --absoluteD1=0 

	41
	LC2_MS1_AT11_AD11
	 --multipleStreams=1 --absoluteT1=1 --absoluteD1=1 

	42
	LC2_GPA0         
	 --globalPatchAllocation=0 

	43
	LC2_GPA1         
	 --globalPatchAllocation=1 

	44
	LC2_GPA2         
	 --globalPatchAllocation=2 

	45
	LC2_GS1_GNB10    
	 --geometryNominal2dBitdepth=10 

	46
	LC2_GS1_OCMQP8   
	 --occupancyMapQP=8 

	47
	LC2_GS1_OCMQP16  
	 --occupancyMapQP=16 

	48
	LC2_GS1_OCMQP24  
	 --occupancyMapQP=24 

	49
	LC2_GS1_OCMQP32  
	 --occupancyMapQP=32 

	50
	LC2_GS1_OCMQP40  
	 --occupancyMapQP=40 

	51
	LC2_GS1_OCMQP48  
	 --occupancyMapQP=48 

	52
	SPI_GS1          
	 --mapCountMinus1=0 --singleLayerPixelInterleaving=1 

	53
	PLR_GS1          
	 --mapCountMinus1=0 --pointLocalReconstruction=1 

	54
	LC2_RAW_GS1      
	 --lossyRawPointsPatch=1 

	55
	LC1_RAW_GS1      
	 --mapCountMinus1=0 --lossyRawPointsPatch=1 

	56
	LC2_OM1_GS1      
	 --occupancyMapRefinement=1 

	57
	LC1_OM1_GS1      
	 --mapCountMinus1=0 --occupancyMapRefinement=1 

	58
	LC2_APM1_GS1     
	 --additionalProjectionPlaneMode=1 

	59
	LC1_APM1_GS1     
	 --mapCountMinus1=0 --additionalProjectionPlaneMode=1 

	60
	LC2_APM2_GS1     
	 --additionalProjectionPlaneMode=2 

	61
	LC1_APM2_GS1     
	 --mapCountMinus1=0 --additionalProjectionPlaneMode=2 

	62
	LC2_APM3_GS1     
	 --additionalProjectionPlaneMode=3 

	63
	LC1_APM3_GS1     
	 --mapCountMinus1=0 --additionalProjectionPlaneMode=3 

	64
	LC2_APM4_GS1     
	 --additionalProjectionPlaneMode=4 

	65
	LC1_APM4_GS1     
	 --mapCountMinus1=0 --additionalProjectionPlaneMode=4 

	66
	LC2_PS0_GS1      
	 --packingStrategy=0 

	67
	LC1_PS0_GS1      
	 --mapCountMinus1=0 --packingStrategy=0 

	68
	LC2_PS1_GS1      
	 --packingStrategy=1 

	69
	LC1_PS1_GS1      
	 --mapCountMinus1=0 --packingStrategy=1 

	70
	LC2_PS2_GS1      
	 --packingStrategy=2 

	71
	LC1_PS2_GS1      
	 --mapCountMinus1=0 --packingStrategy=2 

	72
	LC2_RDP0_GS1     
	 --removeDuplicatePoints=0 

	73
	LC1_RDP0_GS1     
	 --mapCountMinus1=0 --removeDuplicatePoints=0 

	74
	LC2_PBF1         
	 --pbfEnableFlag=1 

	75
	LC1_PBF1         
	 --mapCountMinus1=0 --pbfEnableFlag=1 

	76
	PLR_PBF1         
	 --mapCountMinus1=0 --pointLocalReconstruction=1 --pbfEnableFlag=1 

	77
	LC2_RAW_PBF1     
	 --lossyRawPointsPatch=1 --pbfEnableFlag=1 

	78
	LC1_RAW_PBF1     
	 --mapCountMinus1=0 --lossyRawPointsPatch=1 --pbfEnableFlag=1 

	79
	LC2_OM1_PBF1     
	 --occupancyMapRefinement=1 --pbfEnableFlag=1 

	80
	LC1_OM1_PBF1     
	 --mapCountMinus1=0 --occupancyMapRefinement=1 --pbfEnableFlag=1 

	81
	LC2_APM1_PBF1    
	 --additionalProjectionPlaneMode=1 --pbfEnableFlag=1 

	82
	LC1_APM1_PBF1    
	 --mapCountMinus1=0 --additionalProjectionPlaneMode=1 --pbfEnableFlag=1 

	83
	LC2_APM2_PBF1    
	 --additionalProjectionPlaneMode=2 --pbfEnableFlag=1 

	84
	LC1_APM2_PBF1    
	 --mapCountMinus1=0 --additionalProjectionPlaneMode=2 --pbfEnableFlag=1 

	85
	LC2_APM3_PBF1    
	 --additionalProjectionPlaneMode=3 --pbfEnableFlag=1 

	86
	LC1_APM3_PBF1    
	 --mapCountMinus1=0 --additionalProjectionPlaneMode=3 --pbfEnableFlag=1 

	87
	LC2_APM4_PBF1    
	 --additionalProjectionPlaneMode=4 --pbfEnableFlag=1 

	88
	LC1_APM4_PBF1    
	 --mapCountMinus1=0 --additionalProjectionPlaneMode=4 --pbfEnableFlag=1 

	89
	LC2_PS0_PBF1     
	 --packingStrategy=0 --pbfEnableFlag=1 

	90
	LC1_PS0_PBF1     
	 --mapCountMinus1=0 --packingStrategy=0 --pbfEnableFlag=1 

	91
	LC2_PS1_PBF1     
	 --packingStrategy=1 --pbfEnableFlag=1 

	92
	LC1_PS1_PBF1     
	 --mapCountMinus1=0 --packingStrategy=1 --pbfEnableFlag=1 

	93
	LC2_PS2_PBF1     
	 --packingStrategy=2 --pbfEnableFlag=1 

	94
	LC1_PS2_PBF1     
	 --mapCountMinus1=0 --packingStrategy=2 --pbfEnableFlag=1 

	95
	LC2_RDP0_PBF1    
	 --removeDuplicatePoints=0 --pbfEnableFlag=1 

	96
	LC1_RDP0_PBF1    
	 --mapCountMinus1=0 --removeDuplicatePoints=0 --pbfEnableFlag=1 

	97
	LC2_GS0          
	 --flagGeometrySmoothing=0 

	98
	LC1_GS0          
	 --mapCountMinus1=0 --flagGeometrySmoothing=0 

	99
	SPI_GS0          
	 --mapCountMinus1=0 --singleLayerPixelInterleaving=1 --flagGeometrySmoothing=0 

	100
	PLR_GS0          
	 --mapCountMinus1=0 --pointLocalReconstruction=1 --flagGeometrySmoothing=0 

	101
	LC2_RAW_GS0      
	 --lossyRawPointsPatch=1 --flagGeometrySmoothing=0 

	102
	LC1_RAW_GS0      
	 --mapCountMinus1=0 --lossyRawPointsPatch=1 --flagGeometrySmoothing=0 

	103
	LC2_OM1_GS0      
	 --occupancyMapRefinement=1 --flagGeometrySmoothing=0 

	104
	LC1_OM1_GS0      
	 --mapCountMinus1=0 --occupancyMapRefinement=1 --flagGeometrySmoothing=0 

	105
	LC2_APM1_GS0     
	 --additionalProjectionPlaneMode=1 --flagGeometrySmoothing=0 

	106
	LC1_APM1_GS0     
	 --mapCountMinus1=0 --additionalProjectionPlaneMode=1 --flagGeometrySmoothing=0 

	107
	LC2_APM2_GS0     
	 --additionalProjectionPlaneMode=2 --flagGeometrySmoothing=0 

	108
	LC1_APM2_GS0     
	 --mapCountMinus1=0 --additionalProjectionPlaneMode=2 --flagGeometrySmoothing=0 

	109
	LC2_APM3_GS0     
	 --additionalProjectionPlaneMode=3 --flagGeometrySmoothing=0 

	110
	LC1_APM3_GS0     
	 --mapCountMinus1=0 --additionalProjectionPlaneMode=3 --flagGeometrySmoothing=0 

	111
	LC2_APM4_GS0     
	 --additionalProjectionPlaneMode=4 --flagGeometrySmoothing=0 

	112
	LC1_APM4_GS0     
	 --mapCountMinus1=0 --additionalProjectionPlaneMode=4 --flagGeometrySmoothing=0 

	113
	LC2_PS0_GS0      
	 --packingStrategy=0 --flagGeometrySmoothing=0 

	114
	LC1_PS0_GS0      
	 --mapCountMinus1=0 --packingStrategy=0 --flagGeometrySmoothing=0 

	115
	LC2_PS1_GS0      
	 --packingStrategy=1 --flagGeometrySmoothing=0 

	116
	LC1_PS1_GS0      
	 --mapCountMinus1=0 --packingStrategy=1 --flagGeometrySmoothing=0 

	117
	LC2_PS2_GS0      
	 --packingStrategy=2 --flagGeometrySmoothing=0 

	118
	LC1_PS2_GS0      
	 --mapCountMinus1=0 --packingStrategy=2 --flagGeometrySmoothing=0 

	119
	LC2_RDP0_GS0     
	 --removeDuplicatePoints=0 --flagGeometrySmoothing=0 

	120
	LC1_RDP0_GS0     
	 --mapCountMinus1=0 --removeDuplicatePoints=0 --flagGeometrySmoothing=0 




For the CW, the conditions:  LC1_EOM0_LRAW_SV and LC1_EOM0_LRAW are not lossless but could be executed without errors. For the C2 conditions all the configurations work fine. 

On configuration has issues and will be managed later is GPA1. 


	#
	Configurations
	Encoder parameters

	1
	LC2_GPA1
	"--globalPatchAllocation=1"

	2 
	multipleStreams
	Multi stream bitstreams have some errors more experiments must be done. 




4.2. performance tests

This section evaluates the evolution of the results following tmc2 versions. These experiments have been executed for all CTC conditions on 300 frames. The results are measured by the BDRate measure.

4.2.1 Video Codec comparison

This part compares the video codec available in the TM2: 
· AVC/JM
· VVC/VTM
· Versus HEVC/HM anchor.
As expected, the gains provided by VVC are significant; in the order of 22/26% in AI and RA.

[image: ]

4.2.2 3D motion compensation

The PccAppEncoder parameter: apply3dMotionCompensation, can be used to enable or disable HEVC motion vector compensation based on V3C patches. If this method is deactivated, the results of condition C2RA show a loss of approximately 2% BD-rate.
[image: ]

4.2.3  Optimized RDO based on occupancy map

As presented in [m52765] and integrated in the release 13.0 (CMakeFile Option: USE_HM_PCC_RDO = true), the RDO process of the HM has been updated to consider only atlases’ pixels really “occupied” by point cloud information (i.e. pixels values not set by padding for instance). 

This new method gives a gain of 1.8% in Intra and 15.6% in Random Access. If the 3D motion compensation is disabled, we observe the same results as in the previous section and we have a loss of approximately 2% in RA.
[image: ]

Note: some bugs appear with lossless configurations (screen content configuration files) and more work must be made to make work this tool in lossless. 



4.2.4  Lossless configurations

This section presents the results of the CWAI and CWRA conditions for 300 frames of :
· AVC/JM
· VVC/VTM
· Versus HEVC/HM anchor.
 
As expected, losses are observed with JM against HM:

[image: ]

Regarding VTM, the gains are not consistent with those for the C2 conditions, and more experiments need to be done to compare the configuration files used in these experiments. In particular, the screen content profile used with the HM might explain part of this problem.

[image: ]

4. Conclusions


As presented in this contribution, mechanisms for supporting conformance bitstreams generation and verification have been updated in the V-PCC software but some issues must be fixed in and these points will be addressed in the future release. Please do not hesitate to report any detected issues and to contribute by submitting bug fixes. These two actions could be made by e-mail to the group or directly to me or in the git lab web interface by the issues and the merge request sections. 
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image1.emf
CtcId  SeqName Point Plan Y U V Point Plan Y U V

S23C2A loot 121.9161.76 30.63 55.58 62.51 -17.10 -15.44 -19.86 -24.06 -15.97

S24C2A redandblack 95.95 44.81 26.44 35.48 26.68 -23.49 -23.29 -24.96 -20.58 -4.95

S25C2A soldier 104.9344.08 23.43 20.33 21.74 -12.75 -13.08 -18.11 -27.27 -28.63

S22C2A queen 132.9867.97 37.55 40.42 41.28 -27.82 -27.73 -21.79 -26.98 -21.58

S26C2A longdress 139.8556.89 30.79 29.58 26.19 -20.53 -20.79 -22.50 -21.23 -11.51

S27C2A basketball 144.4589.23 36.02 49.60 71.77 -29.06 -27.12 -22.37 -23.18 -23.57

S28C2A dancer 140.7485.83 36.62 51.30 72.72 -27.65 -25.93 -22.26 -27.02 -22.89

S23C2R loot 382.20348.30165.78273.51272.66-24.44 -24.15 -25.78 -27.12 -21.08

S24C2R redandblack 339.86309.80143.97230.26187.97-24.96 -25.40 -23.49 -20.78 -15.13

S25C2R soldier 384.22339.18171.32256.30256.45-19.78 -19.76 -20.56 -23.65 -23.23

S22C2R queen 414.62317.73139.66221.59207.04-31.96 -31.67 -25.78 -32.92 -29.90

S26C2R longdress 538.13468.36145.86228.81212.17-25.17 -25.65 -26.04 -27.92 -19.45

S27C2R basketball 506.89486.29196.75311.05351.03-30.68 -29.78 -23.02 -19.20 -15.67

S28C2R dancer 447.90437.33170.95284.82339.88-29.70 -28.59 -23.82 -22.79 -12.34

Average C2AI 125.8364.37 31.64 40.33 46.13 -22.63 -21.91 -21.69 -24.33 -18.44

Average C2RA 430.54386.71162.04258.05261.03-26.67 -26.43 -24.07 -24.91 -19.54

Average 278.19225.5496.84 149.19153.58-24.65 -24.17 -22.88 -24.62 -18.99

r130 vs jm  r130 vs vtm 


image2.emf
CtcId  SeqName Point Plan Y U V

S23C2A loot 0.00 0.00 0.00 0.00 0.00

S24C2A redandblack 0.00 0.00 0.00 0.00 0.00

S25C2A soldier 0.00 0.00 0.00 0.00 0.00

S22C2A queen 0.00 0.00 0.00 0.00 0.00

S26C2A longdress 0.00 0.00 0.00 0.00 0.00

S27C2A basketball 0.00 0.00 0.00 0.00 0.00

S28C2A dancer 0.00 0.00 0.00 0.00 0.00

S23C2R loot 0.36 0.34 0.67 0.89 1.60

S24C2R redandblack 1.50 1.64 3.00 5.01 2.54

S25C2R soldier 4.92 5.05 8.45 13.86 14.25

S22C2R queen 0.56 0.57 0.69 1.43 1.39

S26C2R longdress 1.81 1.85 2.65 3.84 3.60

S27C2R basketball 2.21 2.14 4.28 8.07 8.79

S28C2R dancer 2.16 2.10 3.79 11.21 12.18

Average C2AI 0.00 0.00 0.00 0.00 0.00

Average C2RA 1.93 1.95 3.36 6.33 6.34

Average 0.97 0.98 1.68 3.16 3.17

r130 vs hm3MC03MC0 


image3.emf
CtcId  SeqName Point Plan Y U V Point Plan Y U V

S23C2A loot -1.94 -1.51 -2.66 -2.39 -2.28 -1.94 -1.51 -2.66 -2.39 -2.28

S24C2A redandblack -1.35 -1.26 -2.37 -2.14 -2.36 -1.35 -1.26 -2.37 -2.14 -2.36

S25C2A soldier -1.14 -0.62 -2.20 -1.01 -0.92 -1.14 -0.62 -2.20 -1.01 -0.92

S22C2A queen -1.82 -1.77 -2.28 -2.71 -2.48 -1.82 -1.77 -2.28 -2.71 -2.48

S26C2A longdress -0.70 -0.08 -1.37 -1.37 -1.36 -0.70 -0.08 -1.37 -1.37 -1.36

S27C2A basketball -2.65 -1.45 -3.02 -2.11 -2.93 -2.65 -1.45 -3.02 -2.11 -2.93

S28C2A dancer -2.97 -1.46 -3.06 -1.54 -1.87 -2.97 -1.46 -3.06 -1.54 -1.87

S23C2R loot -18.76 -17.88 -19.07 16.21 -16.28 -19.24 -18.41 -19.82 -17.90 -18.22

S24C2R redandblack -9.44 -9.82 -9.70 -6.36 -10.53 -11.64 -12.05 -13.00 -11.57 -13.42

S25C2R soldier -12.51 -12.05 -12.04 -3.41 -3.67 -18.85 -18.51 -21.19 -18.33 -18.62

S22C2R queen -19.96 -19.97 -22.04 20.29 -19.77 -20.63 -20.68 -22.89 -21.86 -21.80

S26C2R longdress -6.78 -6.41 -7.27 -5.86 -6.16 -8.78 -8.42 -10.21 -9.88 -9.85

S27C2R basketball -13.32 -12.24 -11.83 -5.30 -7.38 -17.20 -15.81 -17.24 -16.05 -14.39

S28C2R dancer -10.51 -9.81 -9.66 0.02 -1.84 -13.39 -12.70 -13.92 -11.76 -13.73

Average C2AI -1.80 -1.16 -2.42 -1.89 -2.03 -1.80 -1.16 -2.42 -1.89 -2.03

Average C2RA -13.04 -12.60 -13.09 -8.20 -9.38 -15.68 -15.23 -16.90 -15.34 -15.72

Average -7.42 -6.88 -7.75 -5.05 -5.70 -8.74 -8.19 -9.66 -8.62 -8.87

r130 vs hmOpt13MC0   r130 vs hmOpt13MC1


image4.emf
Total T.Geom Geom. Colour Total T.Geom Geom. Colour

A Loot 144,0% 108,7% 108,4% 150,3% 169,4% 125,7% 127,2% 177,2%

R&B 117,6% 108,2% 108,0% 119,1% 143,7% 125,4% 127,7% 146,5%

Soldier 161,2% 108,9% 108,8% 171,0% 176,3% 127,2% 129,2% 185,0%

Queen 146,6% 114,4% 114,3% 151,7% 140,7% 132,9% 135,3% 141,7%

B Long. 135,8% 108,6% 108,5% 138,8% 159,6% 125,9% 127,5% 163,4%

C  Basket 128,1% 109,9% 109,9% 130,4% 158,1% 130,0% 131,2% 161,6%

Dancer 130,1% 109,8% 109,8% 132,7% 160,4% 130,1% 131,5% 164,4%

140,4% 109,7% 109,5% 145,6% 156,9% 127,2% 129,2% 161,7%

135,8% 108,6% 108,5% 138,8% 159,6% 125,9% 127,5% 163,4%

129,1% 109,8% 109,9% 131,6% 159,3% 130,1% 131,3% 163,0%

137,7% 109,6% 109,4% 141,9% 157,9% 127,4% 129,2% 162,3%

bpip ratio [%] bpip ratio [%]

Class Seq.

CWAI CWLD

A avg

B avg

C avg

Overall 


image5.emf
Total T.Geom Geom. Colour Total T.Geom Geom. Colour

A Loot 103,3% 91,3% 90,9% 105,4% 98,2% 89,1% 89,2% 99,8%

R&B 102,2% 92,7% 92,3% 103,7% 99,8% 91,3% 91,3% 101,1%

Soldier 108,0% 92,0% 91,8% 111,0% 97,9% 88,9% 89,2% 99,5%

Queen 115,6% 91,9% 90,6% 119,4% 95,1% 87,8% 87,4% 96,1%

B Long. 105,2% 91,9% 91,6% 106,7% 101,5% 90,7% 90,7% 102,7%

C  Basket 100,1% 91,1% 90,8% 101,3% 100,1% 89,3% 89,2% 101,4%

Dancer 99,8% 91,5% 91,2% 100,9% 99,8% 89,9% 89,8% 101,1%

106,7% 92,0% 91,5% 109,2% 98,0% 89,5% 89,5% 99,3%

105,2% 91,9% 91,6% 106,7% 101,5% 90,7% 90,7% 102,7%

100,0% 91,3% 91,0% 101,1% 99,9% 89,6% 89,5% 101,2%

105,4% 91,9% 91,4% 107,4% 99,1% 89,8% 89,7% 100,4%

bpip ratio [%] bpip ratio [%]

Class Seq.

CWAI CWLD

A avg

B avg

C avg

Overall 


