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Abstract
[bookmark: _GoBack]The VVC standard reached the committee draft stage at the 15th JVET Meeting in Gothenburg. As the standard is slowly maturing, Fraunhofer HHI started the development of a Live Software Decoder for the upcoming VVC standard. The project is set to be ready shortly after the standard finalization providing an optimized VVC Software Live Decoder for applications requiring live decoding. Currently, the HHI software decoder is compatible with VTM version 4.2, with work in progress to get up-to date with the current development. It can provide live 60fps HD and 30fps UHD decoding on modern mobile x86 platforms.
Introduction
The VTM reference software is the basis for coding experiments performed by the JVET community in the development process for VVC, the future video codec. While very flexible and successful in this process, it not optimized for practical use. As a reference software it also lacks any multi-threading support on the decoder side. Fraunhofer HHI is developing a dedicated software live decoder for VVC without a burden of having to support the encoder and the decoder in a single software basis. With additional optimizations and a support for multi-threading this already allows software live decoding of VVC bitstreams as specified by the development draft [1].
Fraunhofer HHI first presented the live decoder at the IBC 2019 in Amsterdam showcasing the viability of the standard for practical use. Future version of the decoder will be presented at upcoming trade shows including NAB 2020 and IBC 2020. If request, a presentation can be performed at the JVET Meeting.
Performance
The following section presents a few performance metrics demonstrating tool optimization potential already exploited by developers as well as the current fps performance of the decoder.
x86-optimizations
The results were generated on a modern laptop using the anchor bitstreams (averaged over all bitstreams within a category). The unoptimized tests were performed using the HHI-decoder. Deblocking filter also includes also includes parameter derivation. SAO also includes memory operation required by the multi-threaded design.

Multi-threaded performance
The following tests were performed on the CTC sequences encoded for QP values between 29 and 41, excluding very strong outliers w.r.t. bitrate. The results present the decoding fps performance depending on the number of used threads as well as the bitrate. The results are presented for two different platforms – a modern x86-laptop as well as a modern x86-desktop.
For the decoding, the multi-threading is so far implemented within the frame scope, thus not introducing additional latency. Parsing of multiple frames is allowed in parallel to reduce the impact of this biggest bottle-neck.
HD results


UHD results


Outlook
Future work will concentrate on the incorporation of future versions of the VVC development standard until finalization as well as the optimization of new and existing codec aspects.
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x86-SIMD optimizations impact (AVX2)
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FPS




Laptop

1 Thread	10010.9488	7705.5352000000003	5963.3328000000001	4512.2624000000005	3387.1536000000001	2501.5072	6319.2784000000001	4760.1024000000007	3649.8976000000002	2807.5104000000001	2207.1472000000003	1737.2431999999999	1358.5440000000001	6578.3424000000005	4809.1504000000004	3576.2575999999999	2688.4544000000001	2074.5855999999999	1602.8863999999999	1237.7808	6079.2304000000004	4688.232	3599.3872000000001	2780.4079999999999	2175.8896	1699.7088000000001	1324.7776000000001	9167.601333333334	6644.3626666666669	4745.7333333333327	5890.1257142857139	4474.8244897959175	3435.6914285714283	2683.9869387755102	2136.0146938775506	1703.4204081632652	1355.3812244897958	9.1968117719190694	9.765625	10.228435049437437	11.261261261261261	12.048192771084338	12.190166598943518	9.8619329388560146	10.228435049437437	10.699001426533524	11.144130757800891	10.803024846957149	11.342155009451796	11.691348402182385	9.3779306033135352	9.9272005294506958	10.291595197255575	10.873504893077202	11.173184357541899	11.428571428571429	12.578616352201257	9.5480585614258437	9.386733416770964	10.084033613445378	10.351966873706004	10.913059294288832	10.806916426512968	11.337868480725623	7.6530612244897958	8.1967213114754092	9.137983551629608	9.0517241379310356	9.1531755915317561	9.8956580276001347	9.879032258064516	10.54519368723099	11.217092712705075	11.811972679791081	2 Threads	10010.9488	7705.5352000000003	5963.3328000000001	4512.2624000000005	3387.1536000000001	2501.5072	6319.2784000000001	4760.1024000000007	3649.8976000000002	2807.5104000000001	2207.1472000000003	1737.2431999999999	1358.5440000000001	6578.3424000000005	4809.1504000000004	3576.2575999999999	2688.4544000000001	2074.5855999999999	1602.8863999999999	1237.7808	6079.2304000000004	4688.232	3599.3872000000001	2780.4079999999999	2175.8896	1699.7088000000001	1324.7776000000001	9167.601333333334	6644.3626666666669	4745.7333333333327	5890.1257142857139	4474.8244897959175	3435.6914285714283	2683.9869387755102	2136.0146938775506	1703.4204081632652	1355.3812244897958	17.133066818960593	18.192844147968469	19.342359767891683	20.422055820285909	21.660649819494587	22.796352583586625	17.985611510791369	18.587360594795538	19.292604501607716	19.907100199071003	20.804438280166437	21.216407355021214	22.321428571428573	17.615971814445096	18.6219739292365	19.633507853403142	20.242914979757085	21.382751247327157	22.222222222222221	22.455089820359284	17.40139211136891	17.931858936043035	18.656716417910449	18.668326073428748	19.035532994923859	20.408163265306122	21.261516654854713	14.778325123152708	15.447991761071059	17.045454545454543	17.004048582995953	17.562724014336919	18.170580964153277	19.140625	19.744795164539958	20.346020761245676	22.155237377543333	3 Threads	10010.9488	7705.5352000000003	5963.3328000000001	4512.2624000000005	3387.1536000000001	2501.5072	6319.2784000000001	4760.1024000000007	3649.8976000000002	2807.5104000000001	2207.1472000000003	1737.2431999999999	1358.5440000000001	6578.3424000000005	4809.1504000000004	3576.2575999999999	2688.4544000000001	2074.5855999999999	1602.8863999999999	1237.7808	6079.2304000000004	4688.232	3599.3872000000001	2780.4079999999999	2175.8896	1699.7088000000001	1324.7776000000001	9167.601333333334	6644.3626666666669	4745.7333333333327	5890.1257142857139	4474.8244897959175	3435.6914285714283	2683.9869387755102	2136.0146938775506	1703.4204081632652	1355.3812244897958	23.77179080824089	24.590163934426229	26.690391459074732	28.382213812677389	29.910269192422735	31.413612565445025	24.610336341263331	25.728987993138936	26.85765443151298	28.248587570621471	28.653295128939828	30.150753768844222	30.150753768844222	24.370430544272949	25.839793281653748	27.198549410698099	28.063610851262865	29.382957884427029	29.761904761904763	31.120331950207468	23.866348448687351	24.793388429752067	25.423728813559322	26.064291920069504	26.501766784452297	28.328611898016998	30.120481927710841	19.723865877712029	22.156573116691288	23.059185242121444	23.52	24.789207419898819	24.197530864197532	25.6993006993007	28.133971291866029	29.080118694362021	30.403309203722856	4 Threads	10010.9488	7705.5352000000003	5963.3328000000001	4512.2624000000005	3387.1536000000001	2501.5072	6319.2784000000001	4760.1024000000007	3649.8976000000002	2807.5104000000001	2207.1472000000003	1737.2431999999999	1358.5440000000001	6578.3424000000005	4809.1504000000004	3576.2575999999999	2688.4544000000001	2074.5855999999999	1602.8863999999999	1237.7808	6079.2304000000004	4688.232	3599.3872000000001	2780.4079999999999	2175.8896	1699.7088000000001	1324.7776000000001	9167.601333333334	6644.3626666666669	4745.7333333333327	5890.1257142857139	4474.8244897959175	3435.6914285714283	2683.9869387755102	2136.0146938775506	1703.4204081632652	1355.3812244897958	28.30188679245283	30.18108651911469	31.678986272439278	34.482758620689658	36.188178528347407	38.860103626943008	29.644268774703558	31.479538300104934	32.751091703056765	34.168564920273354	35.211267605633807	35.502958579881657	37.220843672456574	29.041626331074539	31.282586027111574	32.786885245901637	33.975084937712346	34.924330616996507	35.714285714285715	36.764705882352942	30.090270812437311	29.880478087649404	30.832476875642342	30.895983522142117	32.362459546925571	34.52243958573073	36.452004860267316	24.213075060532688	25.839793281653748	27.855153203342621	29.137760158572846	29.72699696663296	29.969418960244646	32.272228320526892	33.870967741935488	34.792899408284029	35.507246376811594	6 Threads	10010.9488	7705.5352000000003	5963.3328000000001	4512.2624000000005	3387.1536000000001	2501.5072	6319.2784000000001	4760.1024000000007	3649.8976000000002	2807.5104000000001	2207.1472000000003	1737.2431999999999	1358.5440000000001	6578.3424000000005	4809.1504000000004	3576.2575999999999	2688.4544000000001	2074.5855999999999	1602.8863999999999	1237.7808	6079.2304000000004	4688.232	3599.3872000000001	2780.4079999999999	2175.8896	1699.7088000000001	1324.7776000000001	9167.601333333334	6644.3626666666669	4745.7333333333327	5890.1257142857139	4474.8244897959175	3435.6914285714283	2683.9869387755102	2136.0146938775506	1703.4204081632652	1355.3812244897958	34.090909090909086	37.267080745341609	38.860103626943008	40.927694406548433	43.290043290043293	46.367851622874809	36.719706242350064	38.510911424903725	40.053404539385845	42.613636363636367	42.857142857142854	44.313146233382575	44.843049327354258	35.842293906810042	37.735849056603776	39.421813403416557	41.208791208791204	42.372881355932201	44.117647058823529	45.180722891566269	36.585365853658537	36.630036630036635	38.216560509554142	38.759689922480618	40.927694406548433	41.724617524339358	43.731778425655975	30.518819938962359	32.715376226826606	34.762456546929315	35.679611650485434	36.658354114713219	38.684210526315795	40.109140518417462	40.947075208913652	42.424242424242429	44.613050075872536	8 Threads	10010.9488	7705.5352000000003	5963.3328000000001	4512.2624000000005	3387.1536000000001	2501.5072	6319.2784000000001	4760.1024000000007	3649.8976000000002	2807.5104000000001	2207.1472000000003	1737.2431999999999	1358.5440000000001	6578.3424000000005	4809.1504000000004	3576.2575999999999	2688.4544000000001	2074.5855999999999	1602.8863999999999	1237.7808	6079.2304000000004	4688.232	3599.3872000000001	2780.4079999999999	2175.8896	1699.7088000000001	1324.7776000000001	9167.601333333334	6644.3626666666669	4745.7333333333327	5890.1257142857139	4474.8244897959175	3435.6914285714283	2683.9869387755102	2136.0146938775506	1703.4204081632652	1355.3812244897958	35.587188612099645	38.11944091486658	40.54054054054054	42.857142857142854	45.112781954887218	47.923322683706068	40.431266846361183	42.194092827004219	44.052863436123353	44.709388971684056	47.095761381475668	48.465266558966071	49.019607843137251	39.267015706806284	41.551246537396125	43.541364296081277	45.731707317073173	47.318611987381708	48.780487804878049	49.833887043189371	40	40.983606557377044	41.84100418410042	42.857142857142854	44.576523031203564	46.012269938650313	47.543581616481781	33.444816053511701	36.231884057971016	38.659793814432987	39.622641509433961	41.004184100418414	41.820768136557611	43.620178041543028	45.370370370370367	47.115384615384613	48.355263157894733	Bitrate


FPS




Desktop
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