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Before Getting Started

• Focus on video publishers
• Product and service ecosystem providers must be 2-3 years ahead of 

publishers deploying the codecs

• I ignored EVC: It’s a promising codec but no progress on 
commercialization made since it was standardized

• Royalty policy/productization

• Note that the MPAI (Moving Picture /Artificial Intelligence) is working 
with EVC, but haven’t announced 



Choosing a Codec: Publishers

▪ Bandwidth Savings

▪ Where does it play? 

▪ What’s it cost? 

▪ Application-specific usability 

▪ Recommendations for 2023



Bandwidth Savings
Performance 
Compared to x265

Encoding Quality 
(Moscow State U –
mixed 1080p/4K)

Encoding Quality 
(Streaming Media 

– 1080p)

Dan Grois, Comcast 
(PSNR, 1080p/4K)

3GPP SA4 5G 
(PSNR)

MPEG

H264 145% 151%

VP9 210% (MSU - SVT) ~100 (Bitmovin)

HEVC 100% 100% 100% 100% 100%

AV1 65% 62% 63%

VVC 62% 57% 47% 61% 50%

LCEVC NA 78% (x265 base)

bit.ly/MSU_codec21

https://bit.ly/MSU_codec21
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The Bottom Line
• H.264 increases bandwidth 

costs by 33% (top rung)
• VP9/HEVC offer similar quality
• AV1 is ~ 35-38% more efficient 

than HEVC
• VVC is ~ 3-13% more efficient 

than AV1
• LCEVC quality varies with base 

layer
• LCEVC with x265 base was 

22% more efficient than x265



Reality Check – Why Publishers Don’t Deploy New Codecs

▪ 50% sounds great, but
• Savings only on top rung of encoding ladder



Apple Recommended Ladders
H.264 HEVC

Bandwidth savings 
here

No savings here

To be fair, QoE 
should increase 

here



Reality Check – Why Publishers Don’t Deploy New Codecs

▪ 50% sounds great, but
• Savings only on top rung of encoding ladder

• Savings only for small number of devices that support the new codec

▪ Encoding/Storage costs are additive
• Encoding costs typically 2-10x higher than legacy codecs

• Still have to encode/store in older codecs to support legacy devices

▪ Bandwidth costs have dropped significantly (so saving less)

▪ Implementation costs – player development/testing – are high



Risk
▪ What we have is working

▪ Costs will increase in the short term if we 
do deploy a new codec

▪ Codec may not deliver expected savings

▪ Player failures / reduced QoE

• Meta saw this with Reels AV1
implementation

▪ Always new codec coming

• AV1 stalled VP9 deployments

• VVC/LCEVC/EVC FDIS within 12 months



The Bottom Line

▪ Few publishers deploy in the short-term chasing bandwidth savings

▪ Codecs flourish when they enable publishers to enter new markets

▪ Some very notable exceptions
• US – YouTube, Meta, Netflix (all VP9/AV1)

• China – Kwai, ByteDance, Tencent (VVC)

• India – MX Player (VVC)

• May have been “politically” motivated
▪ Alliance for Open Media members/VVC patent owners

▪ May be because of scale



Playback Overview

• From a publisher’s perspective, a codec is unusable until a critical mass 
of players exists in the relevant target markets

• There are two ways to play back compressed video, software or 
hardware:



Software vs. Hardware Playback
Software Playback

▪ How: Host CPU decodes and plays
▪ Pros:

• No upgrade needed so faster 
deployment

• AV1 was deployed in Chrome and 
Firefox in August, 2018, within 
months of release

▪ Cons
• Playback may not be full framerate

▪ AV1 playback on Android is not

• Playback may consume excessive 
power (and shorten battery life)

Hardware Playback

▪ How: Hardware decode on CPU or 
GPU

▪ Pros:
• Ensures full frame rate playback
• Preserves battery life

▪ Cons
• Longer deployment cycle 



Playback Overview

• From a publisher’s perspective, a codec is unusable until a critical 
mass of players exists in the relevant target markets

• Two types of playback, software or hardware

• In both cases, licensing and playback are different issues



Playback Overview

• Deploying a codec involves (at least) four questions
• Is there hardware support? 

• If not, can the platform play the video at full frame rate without 
significantly degrading battery life? 

• Do relevant players (typically browser support) exist? 
• If not, is the licensing side easily manageable? 

• If you pass go, then it’s on to:
• Economic justification (do bandwidth savings/new features 

outweigh implementation costs and OPEX)



What’s New?
▪ Chrome plays HEVC on all platforms

▪ Caveats

• Need decoder on the system

▪ No decoder in Chrome

• Doesn’t enable DRM

▪ Browsers not a huge market for premium 
content producers

▪ Why? HEVC is default format on Pixel Phones

▪ Impact on AV1? Mitigates AV1’s advantage in 
browser compatibility

October 2022
bit.ly/Chrome_HEVC

https://bit.ly/Chrome_HEVC


New Data (12/22) On Mobile Hardware Support

▪ Hardware support
• Ensures full frame rate playback

• Increases battery life

• See V-Nova paper here confirming 
issues with AV1

• What’s new? ScientiaMobile report 
shows much greater HEVC hardware 
support than AV1

▪ HEVC a much better choice for mobile 
delivery through 2023

December 2022
bit.ly/MOVR_report

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/12226/122260S/Enhancing-SVT-AV1-with-LCEVC-to-improve-quality-cycles-trade/10.1117/12.2633882.full?SSO=1
https://bit.ly/MOVR_report


Apple Appears to Initiate AV1 Support 

▪ Safari browser 16.4 beta lists 
AV1 codec for MediaCapabilities
API and WebRTC AV1 hardware 
decoding

▪ Significance: “May” indicate that 
Apple intends to support AV1 in 
future hardware 
• Apple is biggest holdout for AV1 

support; would be a big boost

February 2023
bit.ly/Safari_AV1



Codec CanIUse Software FPS (on i7)

H264 98.61% 642

VP9 97.95% 621

HEVC 87.51%* 388

AV1 70.79% ^ 357

VVC Not listed 154

LCEVC Not listed 147

Where Things Stand – Browser/OS Support

* Firefox is major holdout (HEVC)
^ Apple major holdout (AV1)

Licensing issue complicates 
deploying VVC/LCEVC

Even if codec can play in 
software on relevant targets

Publishers can use any of these
codecs simply by encoding and
deploying (please test first).

Can’t deploy these without licensing
a player first



Codec Software FPS (on i7)

H264 642

VP9 621

HEVC 388

AV1 357

VVC 154

LCEVC 147

Where Things Stand - Playability

▪ VVC – updated 2021 numbers in May 23
• LCEVC throttles playback to reduce battery 

impact/still much less CPU intensive

▪ But, VVC could play 1080p efficiently in 
software if licensing/player enabled
• More later

This i7 introduced in 4/2012. 
Not a powerful or current 

system



Codec Mobile Hardware
*Scientamobile

H264 All

VP9 Android, iOS

HEVC 86.6%*

AV1 2.52*

VVC Not mentioned

LCEVC Not mentioned

Where Things Stand – Mobile Hardware Support

▪ Unexpectedly low numbers for AV1

▪ Would seem to make HEVC the obvious
choice for mobile distribution for 
independent publishers



Where Things Stand – Mobile Software Playback

▪ High-end phones can play 1080p/30 
AV1 and VVC at full frame rates
• All iPhones

• Low-end Androids phones may be 
an issue

▪ Mentioned deployments by friendlies

▪ Still, most non-affiliated publishers wait 
for hardware support

KWAI Android testing –
720p video in app



VVC Silicon for Computers/Mobile Dragging

▪ No announced CPUs/SoCs with VVC decode so far in 2023
• Qualcomm expected by year end (huge VVC IP owner)

• Intel also owns significant IP

▪ Chips shipping in 2024 mean:
• Consumer products in 2024-5 (a trickle)

• Addressable market (50% +) in 2027-2028

▪ Like AV1, market may start with software playback



Codec Smart TV/OTT

H264 All

VP9 Most

HEVC All

AV1 Growing

VVC Nascent

LCEVC Nascent (but 
software)

Where Things Stand – Smart TV/OTT Support

▪ All Smart TVs support 264/HEVC
• Full HDR support 

▪ Most support VP9 

• YouTube HDR

▪ A significant percentage of smart TVs and 
OTT devices support AV1

• Netflix has supported since 11/2021



Where Things Stand – Smart TV/OTT Support

▪ All Smart TVs support 264/HEVC
• Full HDR support 

▪ Most support VP9 

• YouTube HDR

▪ A significant percentage of smart TVs and 
OTT devices support AV1

• Caveat: Netflix doesn’t distribute AV1 
with HDR yet, so HDR is unproven



VVC Hardware Support for Smart TVs/OTT

▪ First TVs with VVC shipping in 2023

▪ Easier to deploy VVC to the living room in greenfield IPTV projects where 
publisher supplies set top box

▪ Addressable market for general deployments in 2025-2026

November 2021 (TV)
November 2022  (TV)
August 2022  (TV)
August 2022  (TV)
March 2023  (TV, phones, other)



Royalty Status Encoder Decoder Paid Content Free Internet 
Content

Source

H264 Yes Yes Some No bit.ly/vai-la_264

VP9 No Consumer 
device

No No bit.ly/Sis_VP9

HEVC Yes Yes Some No bit.ly/via-la_hevc
bit.ly/AA_HEVC

AV1 No Consumer 
device

No No bit.ly/Sis_AV1

VVC Yes Yes Some No bit.ly/via-la_VVC
bit.ly/AccA_VVC

LCEVC No No Yes Yes bit.ly/lcevc_royalty

What’s It Cost? Royalty Status

https://bit.ly/vai-la_264
http://bit.ly/Sis_VP9
https://bit.ly/via-la_hevc
https://bit.ly/AA_HEVC
http://bit.ly/Sis_AV1
https://bit.ly/via-la_VVC
https://bit.ly/AccA_VVC
http://bit.ly/lcevc_royalty
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What’s It Cost? Royalty Status

The vast bulk of codec royalties are 
paid by consumer product 

manufacturers

https://bit.ly/vai-la_264
http://bit.ly/Sis_VP9
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http://bit.ly/Sis_AV1
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The Bottom Line On Content Royalties
• LCEVC is the only codec with content royalties – capped at US $3.7 million

• This structure enables a publisher to implement LCEVC without waiting for 
browsers and operating systems to support LCEVC

• Content royalties on HEVC are FUD

• “I expect that content providers will most likely continue to enjoy the ability to 
implement HEVC for low or no royalties.”

• Robert J.L. Moore, Volpe Koenig

• AV1/VP9 are not 100% royalty free – Google/AOM claim this but don’t 
indemnify, so if you get sued and owe royalties, you’re liable

• Sisvel’s pools seek royalties on consumer hardware players, so content 
royalties don’t appear to be a risk

https://www.linkedin.com/in/robertjlmoore/


LCEVC

▪ V-Nova
• Royalty on content publishers (so the 

company benefiting pays the royalties)

• Free for encoding and playback 

• Different (undisclosed) charges for different 
business models

• All capped at US $3.7 million

▪ Key benefits
• Should accelerate ecosystem support 

because decode is free

• Publisher can make deployment decision for 
$3.7 million

bit.ly/lcevc_royalty

http://bit.ly/lcevc_royalty


LCEVC Description – Enhancement Codec

Base layer (x264, 
x265, AV1) at lower 

resolution

Plays on any 
platform compatible 

with base layer 
codec.

LCEVC Enhancement Layer 
to full resolution

Requires LCEVC player



LCEVC Performance Varies with Base Layer

▪ LCEVC/x264 as base layer – 40% more efficient than x264

▪ LCEVC/x265 as base layer – 22% more efficient than x265

▪ LCEVC/AV1 as base layer – 12% more efficient than AV1

• Other benefits:

• 3-4x faster encoding speed

• Equal or more efficient playback



Key Benefits of LCEVC
▪ Backwards compatibility

• Base layer will play even if player not LCEVC compatible 

▪ Bitrate efficiency
• LCEVC with base layer always more efficient than base layer at full 

rez

▪ Encoding speed
• LCEVC always encodes faster that base layer at full rez

▪ Decoding efficiency
• LCEVC always requires less CPU than base layer at full rez



LCEVC is Different
▪ With LCEVC:

• You can add LCEVC to a hardware encoder via a software upgrade

• You can play VVC in software with minimal CPU utilization on most 
computers and mobile devices

• You can add playback to some Smart TVs via a software upgrade

▪ LCEVC enjoys:

• Significant industry support from the entire ecosystem, from encoders, to 
players, including some silicon support

• Most of the red negatives shown in the following slides can be eliminated by 
a publisher signing with V-Nova and paying $3.7 million US (or less)



LCEVC is Different
▪ WIth LCEVC:

• You can add LCEVC to a hardware encoder via a software upgrade

• You can play VVC in software with minimal CPU utilization on most 
computers and mobile devices

• You can add playback to some Smart TVs via a software upgrade

▪ LCEVC enjoys:

• Significant industry support from the entire ecosystem, from encoders, to 
players, including some silicon support

• Most of the red negatives shown in the following slides can be eliminated by 
a publisher signing with V-Nova and paying $3.7 million US (or less)

Bottom Line: 

• A publisher wanting to use LCEVC can license 
from V-Nova and deploy on computers, mobile, 
and some smart TVs

• A publisher wanting to deploy VVC has to wait 
until all target devices support VVC 



Suitability to Task

▪ Suitability to task
• General purpose streaming

• Live origination

• Live transcode

• 4K/HDR



Application Specific – General Purpose VOD
Efficiency 
hurts here

Licensing big 
issues here

Installed base 
lacking here

H264/HEVC 
dominate/AV1 hindered 
by lack of Apple support



Mobile Video Notable Exceptions

▪ AV1
• Meta and Facebook Reels

▪ VVC IP owners
• Kwai, ByteDance, Tencent

▪ MX Player in India (VVC)



Live Origination

Encode to send to 
cloud transcoder



Application Specific Functions – Live Origination
VP9 not technically 

feasible

No transcoders 
accept VVC at this 

point

Obvious 
choices



Live Transcoding

Transcode ladder 
for delivery to 

viewers



Application Specific Functions - Transcode

No hardware VP9 
transcoders 

Licensing issues 
deter playback

No one wants to 
be first

AV1 starting to 
make sense



Living Room/4K – 8K HDR

▪ About HDR

▪ About broadcast standards



About HDR Support and Advanced Codecs

▪ All post H.264 codecs
• Support 10-bit encoding

• Include HDR metadata in their 
streams

▪ Most claim to support HDR already

▪ Caveats
• Supported in encoding tool?

• Supported on playback device?

• Sufficient installed base of 
compatible players?

Amazon Media Convert (for HDR)

bit.ly/HDR10Plus_org_av1

https://bit.ly/HDR10Plus_org_av1


AV1 Support in Dolby Vision

▪ Dolby Vision is the premium HDR 
experience
• AV1 appears to be supported in 

some documents 

• But not in Dolby docs

▪ In any event, not proven in most 
Smart TVs or OTT devices

bit.ly/DV_spec

bit.ly/AVdisco_DV

https://bit.ly/DV_spec
https://bit.ly/AVdisco_DV


AV1 Support in HDR10+

▪ Specification just completed 
in December 2022

▪ Support in playback devices 
obviously unproven

bit.ly/AOM_HDR10plus

https://bit.ly/AOM_HDR10plus


Netflix 

▪ Initial distribution of AV1 to 
smart TVs does not support HDR

▪ Still does not (as of Feb 2023)

▪ This seems to indicate that AV1 
isn’t ready for “prime time”



YouTube HDR

▪ Accepts both static and dynamic metadata – should be quite 
capable
• Google may deploy a Dolby alternative for general purpose usage

▪ As for now, YouTube HDR requires the YouTube player

▪ Premium content publishers can’t deploy on YouTube and 
monetize
• Need an HDR standard they can access in the living room



About Broadcast Standards

▪ Point: VVC – our next broadcast standard

▪ Counterpoint: AV1 - the awesome power of 
YouTube



Other Factors

▪ VVC added to DVB tuner 
specification

bit.ly/DVB_adds_VVC

https://bit.ly/DVB_adds_VVC


Other Factors

▪ VVC added to DVB tuner 
specification

https://dvb.org/solutions/dtt-deployment-data/

• From the press release – “Having completed 
the addition of VVC on schedule, the group 
is continuing to work intensively, with the 
AVS3 codec as the current focus and AV1 
next in line for evaluation.”

https://dvb.org/solutions/dtt-deployment-data/


Other Factors

▪ VVC and LCEVC were included in 
Brazil’s recent TV 3.0 project
• VVC as base layer

• LCEVC as enhancement 

Base layer Enhancement

▪ Should advance adoption of 
both codecs

https://forumsbtvd.org.br/tv3_0/
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Compression performance requirements
DVB set out a number of performance related 
commercial requirements to be met by next 
generation video codecs.
• 8K video over legacy broadcast multiplexes.
• 5x 4K services in a 40Mbps multiplex (3x for 

HEVC).
• 27% and over 30% efficiency gains over HEVC 

for live and offline streaming.  
In SBTVD evaluation, VVC technology was tested 
on variety of content test cases and gains >30% 
were reported for:
• Spatial resolutions from 720p to 4320p for HDR 

HLD and HDR PQ.
• 1080p SDR content with different frate rates.
• Sign language video in portrait mode (540x960 

and 360x640)

VVC Adoption in Application Standards
ARIB
Investigating VVC Main 10 and Multilayer for next gen 
digital video broadcasting system. 
ATSC
Specifying VVC for inclusion in the ATSC 3.0 suite of 
standards.
CTA Wave
Added VVC profile to its Web Application Video 
Ecosystem Content Specification in 2021. 
DASH-IF
Added VVC profile to its DASH-IF Interoperability Points
in 2022.
DVB
Adopted VVC as Next Generation Video Codec into its 
codec toolbox in 2022. 
SBTVD
Selected VVC as the sole video base layer codec in 
2021. Specification drafting is ongoing. 
SCTE
Adopted VVC into its standards, SCTE 281-1 and 281-2 in 
March 2023.

* Based on publicly available information



© 2023 InterDigital, Inc. All Rights Reserved.
57

Compression performance requirements
DVB set out a number of performance related 
commercial requirements to be met by next 
generation video codecs.
• 8K video over legacy broadcast multiplexes.
• 5x 4K services in a 40Mbps multiplex (3x for 

HEVC).
• 27% and over 30% efficiency gains over HEVC 

for live and offline streaming.  
In SBTVD evaluation, VVC technology was tested 
on variety of content test cases and gains >30% 
were reported for:
• Spatial resolutions from 720p to 4320p for HDR 

HLD and HDR PQ.
• 1080p SDR content with different frate rates.
• Sign language video in portrait mode (540x960 

and 360x640)

VVC Adoption in Application Standards
ARIB
Investigating VVC Main 10 and Multilayer for next gen 
digital video broadcasting system. 
ATSC
Specifying VVC for inclusion in the ATSC 3.0 suite of 
standards.
CTA Wave
Added VVC profile to its Web Application Video 
Ecosystem Content Specification in 2021. 
DASH-IF
Added VVC profile to its DASH-IF Interoperability Points
in 2022.
DVB
Adopted VVC as Next Generation Video Codec into its 
codec toolbox in 2022. 
SBTVD
Selected VVC as the sole video base layer codec in 
2021. Specification drafting is ongoing. 
SCTE
Adopted VVC into its standards, SCTE 281-1 and 281-2 in 
March 2023.

* Based on publicly available information

Additional VVC standardization activity 
for VVC from Alan Stein’s (InterDigital) 

presentation on Wednesday

Very substantial standardization and 
productization activities



The Awesome Power of YouTube

H.264 encode 
stop at 1080p

Higher rez only 
available via AV1

Or VP9

All smart TVs going forward 
will support VP9/AV1 in 

addition to what’s needed for 
broadcast standards



The Bottom Line on the Living Room

▪ HEVC is today’s “it” codec for premium content 4K/HDR

▪ VVC is next in the pure broadcast/premium content space

▪ AV1 and VP9 will be included in all living room devices solely for 
YouTube compatibility



Application Specific – Premium Content/HDR

YouTube
Everyone else

YouTube

264 makes no 
sense for 4K/HDR

Software playback 
of 4K is non-starter 

(lower rungs)

AV1/VVC very low 
installed base

Dolby support 
centered on HEVC

HEVC the clear 
choice for next 24 

months



Looking Ahead 
▪ Bitmovin Video Developer Report

• bit.ly/Bitmovin_VDR23

• Includes infrastructure providers 
who plan technology support

• Not all are publishers deploying to 
their target audiences

▪ HEVC a clear second to H.264

▪ HEVC and AV1 lead in planning to 
implement 

• No surprise

https://bit.ly/Bitmovin_VDR23


Which Codec in 2023-4?

Computer Browser 

Mobile 

Living room 
SD/HD

4K/HDR
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