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Abstract
This report summarizes the activities of the AHG7 on ECM tool assessment that has taken place between the 38th and 39th JVET meetings. 
Mandates
The mandates given to the AHG are:
· Investigate methodology of tool assessment, such as the aspects of memory access and bandwidth, number of maximum processing cycles, block decoding dependencies, number of context coded bins, pipeline and parallelization.
· Coordinate with AHG6 on resolving tool-off test related software issues (missing tool controls and software bugs).
· Prepare configuration files and generate bitstreams and results of tool-on/tool-off testing.
· Prepare reporting of tool assessment results.
· Coordinate with AHG17 to collect simulation results on non-CTC sequences (e.g., those used in previous verification tests), and identify a set of non-CTC sequences that would be appropriate for additional testing
· Develop methodology of more reliable runtime measurement
Conference call on Assessment Perspectives of Codec/Coding Tools
The call was on April 22 Tuesday UTC 13:00-14:37. The report was uploaded as JVET-AM0042.
Group off tests
Test settings and crosschecking
The following five groups of tools were defined. 
· Group 1: Inter template matching tools
· Group 2: Coding tools that interleave the (merge/skip/AMVP/subblock/IBC/etc) list derivation with the intra prediction/reconstruction process
· Group 3: Intra and IBC template matching (with search) related tools
· Group 4: Tools that require more processing on the neighboring reconstructed samples than VVC
· Group 5: Tools with large memory access
The testers and crosscheckers are planed in the table below. 

	Tests
	Testers / Crosscheckers
	Testers / Crosscheckers

	Group 1 off
	Johan Pardo (johan.esprit.pardo1@huawei.com)
	Charles Salmon-Legagneur (charles.salmon-legagneur@interdigital.com)

	Group 2 off
	Jonathan Gan 
(v-jonathan.gan@oppo.com)
	Xinwei Li
(sid.lxw@alibaba-inc.com)

	Group 3 off
	Ryo Ishimoto (ishimoto.ryo@mail.sharp)
	Zhipin Deng (zhipin.deng@bytedance.com)

	Group 4 off
	Hong-Jheng Jhu 
(jhuhong-jheng@kwai.com)
	Xiang Li
(xlxiangli@google.com)

	Group 5 off
	Lien-Fei Chen (lienfei.chen@global.tencent.com)
	Jani Lainema (jani.lainema@nokia.com)

	Group 1-5 off
	Xiang Li 
(xlxiangli@google.com)
	Hongtao Wang
(hongtaow@qti.qualcomm.com)



ECM-17.0 was used in the AHG7 tool off tests. The cfg files used are included in the ECM software package.
Group 1 off
Group 1 includes inter template matching tools. The offgroup1.cfg was used in addition to ECM CTC settings. 
[image: ]
Group 2 off
Group 2 includes coding tools that interleave the (merge/skip/AMVP/subblock/IBC/etc) list derivation with the intra prediction/reconstruction process. The offgroup2.cfg was used in addition to ECM CTC settings.
[image: ] 
Group 3 off
Group 3 includes intra and IBC template matching (with search) related tools. The offgroup3.cfg was used in addition to ECM CTC settings. 
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Group 4 off
Group 4 includes tools that require more processing on the neighboring reconstructed samples than VVC.
The offgroup4.cfg was used in addition to ECM CTC settings.
[image: ]
Group 5 off
Group 5 includes tools which need large memory access.
The offgroup5.cfg was used in addition to ECM CTC settings.
[image: ]
Group 1-5 off
In this test, all the tools in the group 1-5 are switched off. The offgroup1-5.cfg was used in addition to ECM CTC settings.
[image: ]
Summary
The tool-off results on top of the recent ECM versions are summarized below for BD-PSNR-Y. Note that SCC results are not included. 




Issues
Resolved issues
· #109, Current master tip (7fee7e00d) has decoding mismatch with AHG7 group1-5 off
· #107, Current master tip (06c21da0) decoding mismatch with AHG7 group2 off
· #106, Current master tip (06c21da0) fails MD5sum check at decoding with AHG7 group1 off
· #105, Current master tip (06c21da0) has encoding crash with AHG7 group1 off
· #104, Current master tip (d3a1301a) has encoding crash with AHG7 group1-5 off
Open issues
· #91, MaxTU setting
· #87, ECM-15.0 decoder crashes when "InterLFNST=0"
· #80, Compilation Issue ECM14.0 when disabling GPM reordering
· #78, Encoder crash in RA with --LMChroma=0
· #77, Encoder crash in RA with --DepQuant=0 --NumSignPred=0
· #71, Encode/decode mismatch when using single tree
· #66, Difference in encoding results of ECM-12.0 in AhG7 group 2 tool off test
· #65, Different encoding results of ECM12 in AHG7 group1-4 off tests
· #64, Encode/decode mismatch and decoder crash when inter-CCCM is disable
· #53, Decoding mismatch was observed when AMVR is off
Input contributions 
	JVET-AM0042
	m72844
	2025-04-22 18:52:59
	2025-04-22 19:28:04
	2025-05-20 02:43:45
	Report of AHG7 conference call on Assessment Perspectives of Codec/Coding Tools
	X. Li

	JVET-AM0044
	m72866
	2025-05-20 18:41:53
	2025-05-20 18:45:18
	2025-05-20 18:45:18
	AHG7: Summary on the Tool Analysis in Earlier Proposals/Reports
	X. Li (Google)

	JVET-AM0134
	m73044
	2025-06-19 11:56:43
	2025-06-19 14:19:37
	2025-06-19 14:19:37
	AHG7: ECM tool combination
	R. Ishimoto, Z. Fan, T. Chujoh, T. Ikai (Sharp)

	JVET-AM0194
	m73108
	2025-06-19 17:50:35
	2025-06-19 17:56:52
	2025-06-19 17:56:52
	On Analyzing and Reporting Encoding and Decoding Complexity
	A. Stein, S. Ferrara (V-Nova)

	JVET-AM0221
	m73137
	2025-06-19 22:17:19
	2025-06-19 23:23:08
	2025-06-19 23:23:08
	AHG7: TMRL Tool-Off Bug Fix
	Z. Xiang, R. Chernyak, B. Wang, S. Liu (Tencent)

	JVET-AM0227
	m73143
	2025-06-19 22:53:02
	2025-06-23 20:11:35
	2025-06-23 20:11:35
	AhG7: On bin to bit ratio in ECM
	T. N. Canh, P. Yin, S. McCarthy (Dolby), J. N. Shingala (Ittiam)

	JVET-AM0295
	m73624
	2025-06-25 06:18:58
	2025-06-25 06:25:43
	2025-06-25 06:25:43
	[AHG7] External memory bandwidth evaluation
	Y. Kim, L. Li, M. W. Park, M. Park, M. Budagavi, K. P. Choi (Samsung)



Recommendations 
· Continue and improve tool assessment
· Resolve identified software issues related to the tool assessment
· Review all the input documents

AI

ecm-8.1	G1 off	G2 off	G3 off	G4 off	G5 off	-5.7744924550413084E-5	4.737227010897762E-3	1.0927195252458258E-2	1.3134249448657031E-2	0	3.1810280289265802E-2	ecm-9.0	G1 off	G2 off	G3 off	G4 off	G5 off	-5.902198960788807E-5	4.8076427088282747E-3	1.7882873207084815E-2	1.3587599487899634E-2	0	4.0404269929321251E-2	ecm-10.0	G1 off	G2 off	G3 off	G4 off	G5 off	-5.9765913764997514E-5	4.8514405933371358E-3	1.847512716847757E-2	1.3500631568202347E-2	0	4.0738560596685541E-2	ecm-11.0	-4.5948306134185264E-5	4.9099791521317725E-3	1.93460632993365E-2	1.3656059462429204E-2	0	4.1751204136961727E-2	ecm-12.0	G1 off	G2 off	G3 off	G4 off	G5 off	-6.0163963681698134E-5	4.2170888695259494E-3	2.092550217466E-2	8.5703071615511849E-3	0	4.8334256760956706E-2	ecm-13.0	-6.1136926561196806E-5	3.0990447944049876E-3	2.1748486685818649E-2	1.4342270159636097E-2	0	4.5515241029058906E-2	ecm-14.0	-7.4893256168588149E-5	2.7989265545756239E-3	2.2346499995356366E-2	1.5189108691695319E-2	0	4.6467847355293634E-2	ecm-15.0	-7.5370292486726725E-5	2.1505187425061947E-3	2.0674487661977312E-2	1.5364133192342101E-2	0	4.3442221423263719E-2	ecm-16.0	-6.4807349278032486E-5	2.0627837589264958E-3	2.3476710214546129E-2	1.4610494656801606E-2	4.8448646034660779E-2	0.1100064585220266	ecm-17.0	-6.5127796980886846E-5	2.0512471182056644E-3	2.41493867448151E-2	1.2346819010109441E-2	4.9550517231488303E-2	0.11274854994330645	



RA

ecm-8.1	G1 off	G2 off	G3 off	G4 off	G5 off	3.6953665785174679E-2	1.5510451623367756E-2	4.7288183933509456E-3	7.8182968191262102E-3	0	6.8124645647794899E-2	ecm-9.0	G1 off	G2 off	G3 off	G4 off	G5 off	3.9282248098473541E-2	1.7308868982631821E-2	8.557001047804361E-3	7.5239627440687384E-3	0	7.6374690188958969E-2	ecm-10.0	G1 off	G2 off	G3 off	G4 off	G5 off	3.9754194755620663E-2	1.6950959085304217E-2	9.5545885174120066E-3	7.3432269520485871E-3	0	7.7510500670158314E-2	ecm-11.0	4.1292396259572463E-2	1.7964625066790432E-2	9.9484054792145105E-3	7.032607483576629E-3	0	8.0263653211220184E-2	ecm-12.0	G1 off	G2 off	G3 off	G4 off	G5 off	4.1347986402484722E-2	2.2149437914021981E-2	1.0802060649479446E-2	4.1302170138001418E-3	0	9.257880485381155E-2	ecm-13.0	4.4106331360713097E-2	1.6124880257410337E-2	1.1177630162999745E-2	8.0180526630672915E-3	0	8.8242891679399776E-2	ecm-14.0	4.8671633037037157E-2	1.6213408779915062E-2	1.1381994382687062E-2	1.211763021744452E-2	0	9.5337130104288195E-2	ecm-15.0	5.004165369075967E-2	1.5483674901642945E-2	1.0752405509916022E-2	1.2012712973196216E-2	0	9.5719033453470811E-2	ecm-16.0	4.9783531480743798E-2	1.4968806102770359E-2	1.1902017699692635E-2	1.2319485530185463E-2	4.2371040908313104E-2	0.14902173281603215	ecm-17.0	5.0588318478759102E-2	1.549106230373359E-2	1.2117269757519589E-2	1.2331036020088693E-2	4.2523594648444733E-2	0.15122069168685265	



LDB

ecm-8.1	G1 off	G2 off	G3 off	G4 off	G5 off	4.286867426688501E-2	1.2888195286307802E-2	2.3336109364117861E-3	0	0	6.0809512103212747E-2	ecm-9.0	G1 off	G2 off	G3 off	G4 off	G5 off	4.4829872888726162E-2	1.7138194684134484E-2	0	0	0	6.8764468481397389E-2	ecm-10.0	G1 off	G2 off	G3 off	G4 off	G5 off	4.6037229848251406E-2	1.6080710698246532E-2	3.9036956316538343E-3	1.5918136260760034E-3	0	6.8435053282670744E-2	ecm-11.0	4.7370198756931693E-2	1.6902848232376588E-2	0	0	0	7.0093350836797449E-2	ecm-12.0	G1 off	G2 off	G3 off	G4 off	G5 off	4.7815123920419089E-2	2.3077705188222591E-2	0	0	0	8.2511085871798603E-2	ecm-13.0	5.1110837791800756E-2	1.6748839864612675E-2	0	0	0	7.9381673778795347E-2	ecm-14.0	5.5674915464785625E-2	1.6513303733460865E-2	0	0	0	9.1323399630892074E-2	ecm-15.0	5.8245337988589697E-2	1.5902697311080388E-2	5.2363049458621358E-3	1.1109876179713521E-2	0	9.32277258936271E-2	ecm-16.0	5.9382725870253839E-2	1.5980874424459428E-2	5.8903183209416303E-3	1.1299402525918045E-2	4.1344669711764238E-2	0.13977797709539203	ecm-17.0	5.9334794606744325E-2	1.6609083494683468E-2	5.7744555855647013E-3	1.1545655757708384E-2	4.0742517125662771E-2	0.13984267691619728	
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Y U V EncT DecT mPeakR mHWMR Y U V EncT DecT

Class A1 0.00% 0.00% 0.00% 99.7% 101.1% 100.2% 103.9% -14.76% -16.60% -27.66% 1053.6% 574.5%

Class A2 0.00% 0.00% 0.00% 98.9% 100.6% 100.2% 103.8% -21.25% -24.93% -29.15% 996.8% 617.2%

Class B 0.00% 0.00% 0.00% 99.1% 99.5% 100.0% 103.4% -14.90% -23.18% -21.23% 979.5% 646.1%

Class C -0.01% -0.01% -0.01% 99.9% 100.1% 101.8% 103.2% -15.02% -12.00% -13.12% 952.7% 613.5%

Class E -0.01% -0.01% -0.01% 99.4% 99.4% 101.0% 103.4% -19.42% -23.11% -21.33% 917.7% 686.1%

Overall  -0.01% -0.01% -0.01% 99.4% 100.1% 100.6% 103.5% -16.72% -19.88% -21.84% 977.6% 627.8%

Class D -0.04% -0.04% -0.04% 99.4% 97.9% 99.9% 103.2% -12.88% -8.95% -9.61% 902.3% 630.3%

Class F -0.01% -0.01% -0.01% 99.9% 99.7% 103.6% 103.2% -30.42% -34.26% -34.40% 635.4% 657.5%

Class TGM -0.01% 0.00% 0.00% 99.3% 98.0% 108.4% 103.1% -43.37% -49.07% -48.37% 513.1% 673.5%

Y U V EncT DecT mPeakR mHWMR Y U V EncT DecT

Class A1 4.88% 4.77% 5.06% 82.9% 69.4% 99.9% 99.3% -23.86% -21.42% -33.68% 958.3% 942.2%

Class A2 5.79% 5.75% 6.14% 83.1% 63.1% 100% 99% -26.64% -31.10% -36.52% 913.3% 1007.8%

Class B 4.68% 4.70% 4.78% 79.1% 63.5% 99.9% 99.5% -21.77% -30.56% -27.40% 767.9% 924.5%

Class C 5.13% 5.27% 5.73% 73.4% 57.8% 100.0% 99.9% -23.28% -19.62% -20.14% 751.6% 970.0%

Class E

Overall (Ref) 5.06% 5.08% 5.36% 79.0% 63.0% 100% 100% -23.57% -25.92% -28.54% 826.3% 956.4%

Class D 4.24% 4.14% 4.16% 73.5% 56.6% 100.0% 100.0% -24.67% -20.69% -21.54% 689.1% 1019.1%

Class F 3.82% 4.04% 4.00% 86.8% 70.5% 100.5% 99.7% -30.66% -33.46% -34.35% 715.7% 727.0%

Class TGM 4.56% 4.43% 4.40% 86.9% 76.6% 100.0% 100.1% -40.18% -46.25% -46.12% 627.3% 649.8%

Y U V EncT DecT mPeakR mHWMR Y U V EncT DecT

Class A1

Class A2

Class B 5.95% 6.28% 6.64% 70.8% 56.5% 100% 102% -17.89% -36.24% -31.14% 703.7% 773.1%

Class C 5.89% 5.45% 6.61% 69.2% 51.7% 100% 103% -20.51% -23.85% -25.54% 646.7% 719.9%

Class E 5.96% 7.67% 7.12% 77.8% 66.2% 103% 102% -17.93% -24.79% -23.46% 705.0% 686.0%

Overall (Ref) 5.93% 6.35% 6.75% 72.0% 57.1% 101% 102% -18.77% -29.24% -27.35% 684.5% 732.7%

Class D 5.58% 5.52% 6.46% 68.8% 51.0% 100% 103% -22.50% -24.95% -26.42% 633.4% 778.9%

Class F 5.78% 6.15% 5.79% 82.8% 63.9% 100% 102% -26.79% -37.35% -37.74% 686.2% 662.5%

Class TGM 6.46% 6.29% 6.21% 85.5% 64.0% 100% 102% -37.19% -47.73% -47.62% 630.8% 546.9%

All Intra Main10 

Low delay B Main10 

Over ECM-17.0

Over ECM-17.0

Over VTM-11ecm17

Over VTM-11ecm17

Over ECM-17.0 Over VTM-11ecm17

Random Access Main 10
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Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1 0.17% 0.49% 0.55% 94.4% 97.2% 100% -14.62% -16.23% -27.24% 1121.7% 535.6%

Class A2 0.23% 0.50% 0.51% 94.5% 96.7% 100% -21.07% -24.57% -28.80% 1077.3% 568.8%

Class B 0.19% 0.46% 0.56% 93.1% 96.4% 100% -14.73% -22.81% -20.78% 1001.5% 624.1%

Class C 0.16% 0.35% 0.31% 90.7% 94.8% 99% -14.88% -11.68% -12.84% 940.9% 541.4%

Class E 0.32% 0.44% 0.52% 93.1% 96.4% 100% -19.15% -22.76% -20.91% 938.1% 628.1%

Overall  0.21% 0.44% 0.49% 93.0% 96.2% 100% -16.54% -19.53% -21.45% 1007.8% 581.0%

Class D 0.13% 0.35% 0.23% 91.9% 92.7% 99% -12.72% -8.60% -9.36% 888.9% 539.1%

Class F 0.58% 0.64% 0.81% 93.6% 98.6% 98% -30.02% -33.84% -33.87% 594.7% 572.4%

Class TGM 0.47% 0.48% 0.47% 93.7% 99.6% 101% -43.09% -48.83% -48.12% 493.3% 601.7%

Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1 2.41% 1.58% 2.25% 85.9% 96.3% 100% -25.68% -23.55% -35.60% 1006.5% 1262.9%

Class A2 1.39% 1.19% 1.74% 85.2% 97.9% 100% -29.68% -33.99% -39.12% 955.9% 1557.6%

Class B 1.49% 1.22% 1.33% 85.8% 95.5% 99% -24.17% -32.86% -29.76% 845.4% 1426.2%

Class C 1.10% 1.15% 1.27% 85.0% 93.9% 99% -26.27% -22.79% -23.51% 886.6% 1596.4%

Class E

Overall (Ref) 1.55% 1.27% 1.58% 85.5% 95.7% 99% -26.13% -28.54% -31.13% 908.6% 1459.9%

Class D 0.62% 0.53% 0.46% 84.4% 94.7% 99% -27.34% -23.52% -24.37% 818.8% 1724.2%

Class F 1.92% 1.87% 2.10% 88.7% 95.9% 98% -32.02% -34.91% -35.61% 717.4% 959.3%

Class TGM 3.26% 4.83% 4.98% 91.1% 99.4% 100% -41.03% -46.36% -46.17% 651.3% 858.4%

Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1

Class A2

Class B 1.90% 2.97% 3.78% 80.4% 91.7% 99% -21.05% -38.20% -32.95% 820.6% 921.3%

Class C 1.59% 2.53% 3.10% 81.9% 91.3% 99% -23.78% -25.97% -27.99% 798.2% 958.0%

Class E 1.35% 2.63% 4.18% 84.5% 93.5% 99% -21.51% -28.28% -25.44% 810.9% 610.1%

Overall (Ref) 1.66% 2.74% 3.65% 81.9% 92.0% 99% -22.08% -31.64% -29.42% 810.7% 842.0%

Class D 0.92% 1.67% 3.20% 78.6% 94.0% 98% -25.91% -27.62% -28.55% 765.9% 1092.1%

Class F 2.41% 2.36% 2.76% 86.6% 93.6% 99% -29.25% -39.52% -39.54% 725.7% 621.2%

Class TGM 2.59% 6.39% 7.23% 90.3% 97.8% 100% -39.69% -48.39% -48.11% 649.4% 558.1%

All Intra Main10 

Over VTM11ecm17

Random Access Main 10

Low delay B Main10 

Over VTM11ecm17

Over ECM17

Over ECM17

Over ECM17

Over VTM11ecm17
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Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1 1.18% 4.07% 6.56% 71.2% 90.0% 100% -13.75% -13.48% -23.37% 819.4% 482.4%

Class A2 2.52% 6.71% 6.49% 71.4% 80.8% 100% -19.20% -20.32% -25.05% 784.1% 465.7%

Class B 2.52% 5.30% 5.52% 68.7% 79.5% 99% -12.78% -19.54% -17.12% 725.0% 488.8%

Class C 2.31% 2.92% 3.14% 69.3% 80.0% 100% -13.10% -9.53% -10.48% 702.7% 480.1%

Class E 3.50% 4.70% 4.21% 69.4% 79.6% 100% -16.58% -19.65% -18.08% 693.4% 510.9%

Overall  2.41% 4.70% 5.11% 69.8% 81.5% 100% -14.72% -16.45% -18.17% 739.0% 485.4%

Class D 1.44% 2.33% 2.22% 69.4% 80.8% 100% -11.59% -6.82% -7.58% 683.2% 564.7%

Class F 6.47% 7.61% 7.73% 72.5% 69.6% 100% -26.11% -29.66% -29.71% 459.8% 422.5%

Class TGM 11.86% 13.95% 14.31% 77.4% 56.6% 98% -36.80% -42.14% -41.19% 399.9% 345.5%

Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1 1.06% 2.62% 5.91% 93.4% 99.7% 100% -26.67% -22.89% -34.08% 1003.2% 1064.6%

Class A2 1.53% 3.82% 3.59% 93.8% 98.9% 100% -29.59% -32.41% -38.11% 976.4% 1294.9%

Class B 1.30% 4.39% 4.47% 91.5% 99.3% 100% -24.33% -30.84% -27.67% 854.1% 1104.5%

Class C 0.97% 1.74% 2.20% 92.5% 100.4% 100% -26.35% -22.30% -22.75% 1016.1% 1409.5%

Class E

Overall (Ref) 1.21% 3.22% 3.98% 92.6% 99.6% 100% -26.39% -27.29% -29.73% 948.9% 1207.9%

Class D 0.73% 1.93% 1.71% 91.2% 91.7% 100% -27.27% -22.41% -23.39% 932.2% 1628.9%

Class F 4.24% 5.00% 5.20% 89.8% 93.8% 99% -30.69% -33.35% -34.03% 764.6% 813.4%

Class TGM 7.17% 8.85% 9.26% 93.4% 93.7% 100% -38.68% -44.05% -43.71% 681.3% 654.6%

Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1

Class A2

Class B 0.54% 1.75% 1.44% 94.0% 99.7% 100% -22.11% -38.96% -34.56% 888.2% 1055.6%

Class C 0.47% 0.48% 1.25% 93.7% 99.4% 100% -24.58% -27.39% -29.20% 866.2% 1068.9%

Class E 0.78% 3.98% 3.08% 95.5% 100.7% 100% -21.93% -27.40% -26.17% 868.3% 734.1%

Overall (Ref) 0.58% 1.89% 1.79% 94.2% 99.9% 100% -22.89% -32.21% -30.68% 875.8% 968.0%

Class D 0.48% 0.49% 2.57% 94.5% 108.4% 100% -26.25% -28.50% -29.21% 937.6% 1379.5%

Class F 3.49% 4.56% 4.45% 92.9% 101.7% 100% -28.57% -38.53% -38.90% 770.7% 796.0%

Class TGM 4.80% 6.17% 6.40% 92.8% 96.1% 100% -38.26% -48.29% -48.05% 639.7% 592.1%

Over ECM17

Over ECM17

Over ECM17

Over VTM11ecm17

All Intra Main10 

Over VTM11ecm17

Random Access Main 10

Low delay B Main10 

Over VTM11ecm17
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Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1 1.40% 5.40% 6.00% 85.5% 91.3% 100% -13.57% -12.35% -23.44% 1024.0% 533.2%

Class A2 1.61% 5.37% 6.01% 82.9% 93.7% 100% -20.02% -21.22% -25.33% 944.2% 579.9%

Class B 0.94% 5.18% 5.12% 86.6% 94.3% 100% -14.10% -19.64% -17.44% 957.6% 609.7%

Class C 0.97% 3.30% 3.31% 85.4% 92.2% 100% -14.20% -9.22% -10.36% 911.5% 544.6%

Class E 1.53% 6.32% 5.44% 87.7% 95.6% 99% -18.18% -18.62% -17.21% 916.9% 628.4%

Overall  1.23% 5.02% 5.07% 85.7% 93.4% 100% -15.70% -16.20% -18.14% 948.7% 579.5%

Class D 0.90% 2.72% 2.68% 86.4% 92.1% 100% -12.06% -6.46% -7.15% 892.4% 600.5%

Class F 1.36% 4.60% 4.96% 91.9% 94.2% 100% -29.48% -31.36% -31.29% 597.9% 589.2%

Class TGM 2.22% 4.15% 4.26% 92.6% 95.5% 100% -42.18% -47.07% -46.29% 498.2% 621.9%

Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1 1.78% 3.25% 5.09% 94.0% 98.8% 100% -26.15% -22.42% -34.15% 1150.8% 1169.2%

Class A2 1.29% 3.61% 3.79% 95.2% 99.3% 100% -29.76% -32.51% -38.01% 1112.3% 1434.8%

Class B 0.97% 3.50% 3.39% 95.0% 99.3% 100% -24.58% -31.53% -28.53% 981.5% 1268.8%

Class C 1.11% 1.67% 1.93% 96.0% 98.6% 100% -26.26% -22.38% -23.00% 1072.6% 1424.7%

Class E

Overall (Ref) 1.23% 2.98% 3.42% 95.1% 99.0% 100% -26.38% -27.46% -30.07% 1063.8% 1319.5%

Class D 0.91% 1.54% 1.88% 96.1% 98.3% 100% -27.12% -22.75% -23.31% 1013.1% 1533.2%

Class F 1.30% 3.19% 3.56% 96.8% 99.1% 100% -32.51% -34.31% -34.91% 831.4% 861.9%

Class TGM 0.85% 1.72% 1.64% 95.9% 99.4% 100% -42.32% -47.71% -47.63% 714.3% 725.7%

Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1

Class A2

Class B 1.09% 1.21% 1.13% 98.1% 99.3% 100% -21.68% -39.33% -34.72% 1003.8% 1117.2%

Class C 1.38% 0.15% 1.07% 97.7% 98.5% 99% -23.89% -27.65% -29.41% 973.4% 1161.3%

Class E 0.96% 4.54% 3.30% 97.9% 97.9% 100% -21.80% -27.04% -26.01% 926.5% 747.0%

Overall (Ref) 1.15% 1.69% 1.65% 97.9% 98.7% 100% -22.45% -32.36% -30.77% 973.9% 1023.3%

Class D 1.29% 0.60% 1.83% 98.3% 99.0% 99% -25.61% -28.43% -29.63% 993.2% 1317.1%

Class F 0.89% 1.96% 2.14% 98.4% 98.7% 100% -30.26% -39.84% -39.95% 827.3% 771.3%

Class TGM 0.35% 1.03% 0.97% 98.3% 97.1% 101% -40.85% -50.59% -50.55% 704.3% 620.5%

All Intra Main10 

Over VTM-11-ECM17

Random Access Main 10

Low delay B Main10 

Over VTM-11-ECM17

Over ECM-17-0

Over ECM-17-0

Over ECM-17-0

Over VTM-11-ECM17
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Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1 4.45% 4.92% 4.94% 79.6% 84.2% 90% -10.91% -12.50% -24.13% 805.9% 418.4%

Class A2 3.65% 3.37% 3.91% 81.1% 87.7% 90% -18.35% -22.50% -26.54% 793.7% 482.0%

Class B 4.29% 4.11% 4.68% 81.0% 86.9% 79% -11.23% -20.16% -17.57% 783.6% 505.7%

Class C 6.20% 4.47% 5.27% 80.7% 89.9% 92% -9.91% -8.20% -8.74% 756.1% 507.9%

Class E 6.21% 5.32% 4.48% 81.6% 86.6% 86% -14.40% -19.12% -17.85% 736.8% 532.0%

Overall  4.96% 4.40% 4.69% 80.8% 87.2% 87% -12.60% -16.44% -18.24% 774.7% 490.7%

Class D 5.08% 4.68% 5.46% 79.4% 88.3% 98% -8.41% -4.62% -4.62% 710.5% 526.0%

Class F 4.35% 2.94% 3.31% 88.3% 87.2% 88% -27.20% -32.08% -31.96% 559.2% 528.8%

Class TGM 0.60% 0.61% 0.52% 88.8% 88.9% 84% -43.02% -48.77% -48.13% 455.4% 561.5%

Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1 3.90% 2.91% 3.66% 93.6% 91.9% 96% -24.63% -22.55% -34.92% 1058.7% 1018.7%

Class A2 3.37% 2.50% 2.78% 94.4% 93.4% 97% -28.33% -33.19% -38.54% 1026.8% 1279.6%

Class B 4.15% 2.57% 3.32% 92.9% 92.7% 83% -22.21% -32.07% -28.47% 886.8% 1146.9%

Class C 5.30% 3.67% 4.26% 95.6% 93.8% 94% -23.17% -20.88% -21.28% 961.1% 1377.2%

Class E

Overall (Ref) 4.25% 2.92% 3.53% 94.1% 93.0% 91% -24.17% -27.40% -29.85% 966.6% 1202.1%

Class D 4.72% 3.83% 4.21% 94.6% 92.6% 98% -24.34% -20.98% -21.53% 871.8% 1482.2%

Class F 3.25% 2.34% 2.74% 87.9% 92.2% 89% -30.99% -34.56% -35.12% 702.9% 761.5%

Class TGM 0.77% 0.85% 0.82% 85.9% 83.4% 88% -42.31% -48.11% -48.01% 602.0% 571.3%

Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1

Class A2

Class B 3.44% 1.16% 1.60% 93.8% 89.4% 81% -19.88% -39.31% -34.39% 900.2% 981.8%

Class C 4.86% 1.72% 1.76% 95.0% 91.5% 90% -21.30% -26.52% -28.96% 872.9% 1103.1%

Class E 4.08% 3.99% 0.98% 88.4% 91.4% 90% -19.39% -27.39% -27.84% 781.6% 729.5%

Overall (Ref) 4.07% 2.05% 1.50% 92.8% 90.6% 86% -20.23% -32.07% -30.94% 860.1% 947.6%

Class D 4.43% 1.11% 2.52% 94.4% 91.9% 96% -23.33% -27.87% -29.06% 854.5% 1262.9%

Class F 3.21% 1.51% 2.00% 87.2% 89.8% 87% -28.59% -40.14% -40.12% 696.8% 719.8%

Class TGM 1.00% 1.12% 0.98% 85.8% 86.5% 85% -40.45% -50.57% -50.51% 601.3% 571.1%

Over ECM-17.0

Over ECM-17.0

Over ECM-17.0

Over VTM-11.0ecm17.0

All Intra Main10 

Over VTM-11.0ecm17.0

Random Access Main 10

Low delay B Main10 

Over VTM-11.0ecm17.0
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Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1 9.54% 19.59% 25.38% 37.4% 40.7% 89% -6.57% -1.19% -10.69% 346.8% 162.6%

Class A2 11.03% 22.25% 23.21% 37.4% 39.4% 89% -12.53% -9.41% -14.23% 329.9% 169.3%

Class B 10.09% 20.76% 20.20% 36.4% 36.8% 84% -6.30% -8.76% -5.97% 379.3% 226.2%

Class C 11.27% 13.41% 14.60% 35.2% 36.7% 96% -5.67% -0.57% -0.77% 345.7% 204.7%

Class E 15.24% 22.45% 19.21% 35.2% 36.5% 96% -7.15% -6.76% -6.40% 355.0% 237.6%

Overall  11.27% 19.46% 20.15% 36.2% 37.8% 90% -7.39% -5.45% -7.05% 353.7% 201.2%

Class D 8.92% 11.92% 13.14% 36.0% 36.1% 97% -5.07% 1.92% 2.33% 337.3% 208.9%

Class F 18.44% 23.04% 24.27% 47.7% 36.8% 94% -17.85% -20.09% -19.27% 264.9% 216.3%

Class TGM 19.47% 24.28% 25.41% 53.1% 36.7% 87% -32.63% -37.02% -35.67% 264.7% 230.7%

Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1 15.97% 16.27% 25.09% 55.3% 57.2% 94% -15.90% -12.80% -22.58% 505.2% 434.4%

Class A2 15.68% 19.97% 21.18% 55.9% 55.5% 94% -19.82% -22.17% -27.70% 482.6% 504.7%

Class B 14.37% 20.70% 21.16% 50.0% 55.6% 82% -14.53% -20.24% -16.20% 483.1% 624.9%

Class C 15.00% 15.80% 17.35% 48.3% 49.7% 90% -16.06% -11.66% -11.38% 495.4% 643.8%

Class E

Overall (Ref) 15.12% 18.36% 20.93% 51.7% 54.2% 89% -16.27% -16.85% -18.49% 490.6% 561.2%

Class D 12.10% 13.99% 15.23% 47.3% 49.4% 95% -18.91% -13.17% -13.14% 445.7% 618.5%

Class F 18.61% 20.86% 21.86% 52.1% 57.3% 89% -21.04% -23.39% -23.63% 409.0% 429.6%

Class TGM 20.36% 25.04% 25.60% 53.9% 51.2% 89% -31.26% -35.96% -35.58% 378.2% 346.3%

Y U V EncT DecT mPeakR Y U V EncT DecT

Class A1

Class A2

Class B 13.47% 14.47% 15.93% 44.8% 41.7% 79% -12.08% -31.43% -25.32% 436.6% 381.4%

Class C 14.71% 12.83% 14.62% 44.5% 42.7% 89% -13.97% -18.67% -19.99% 429.8% 498.0%

Class E 13.87% 20.26% 15.98% 47.1% 56.4% 84% -11.79% -16.42% -17.02% 448.9% 393.0%

Overall (Ref) 13.98% 15.37% 15.51% 45.3% 45.3% 83% -12.64% -23.42% -21.47% 437.4% 420.0%

Class D 12.42% 11.56% 15.09% 42.6% 40.7% 94% -17.42% -20.49% -20.58% 390.2% 464.9%

Class F 18.44% 17.90% 19.12% 50.5% 48.0% 86% -18.20% -30.76% -30.19% 374.0% 323.6%

Class TGM 18.92% 25.23% 26.70% 56.8% 46.0% 85% -29.99% -39.20% -38.75% 412.7% 272.3%

Over ECM-17

Over ECM-17

Over ECM-17

Over VTM-11-ECM17

All Intra Main10 

Over VTM-11-ECM17

Random Access Main 10

Low delay B Main10 

Over VTM-11-ECM17
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