
High-quality content, encoded and delivered 
to members with best possible experience



How will Netflix members rate the visual quality of this 
video — poor, average or excellent? 

Which video clip looks better — encoded with Codec A or 
Codec B?

For this episode, at 1000 kbps, is it better to encode with 
HD resolution, with some blockiness, or will SD look 
better?



● Accurately measures human 
perception of video quality

● Consistent across content
● Can be run at scale
● Works well for picture artifacts 

relevant to adaptive streaming
○ Compression artifacts
○ Scaling artifacts

VMAF: Video Multimethod Assessment Fusion

Need a better perceptual metric
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A Brief History of VMAF How VMAF Works

Work in Progress

This talk will cover VMAF’s brief history, its basic principles 
and our recent work in progress.



The VMAF chronicle

2014 2015 2016 2017 2018

Started 
collaboration 

with USC

Started 
collaboration 

with U. Nantes

First VMAF 
running in 

prod @ Netflix

Started 
collaboration  

with UT Austin

VMAF went live on Github; 
first VMAF techblog published

VMAF 0.6.1 published; 
added a phone model

libvmaf published; VMAF 
supported by FFmpeg

Speed optimization; added 
a 4K model; added 
confidence interval

First public 
showing at ICIP

VMAF-enabled 
video optimization 
in prod @ Netflix

2019

Speed 
optimization



VMAF open-source project



Integration in 3rd-party tools



Use case: compare codecs

[Source:  JVET-O0451 Subjective Comparison of VVC and HEVC, 
JVET 15th meeting: Gothenburg, SE, 3–12 July 2019]



Use case: guide encoding decisions

[Source: Dynamic optimizer — a perceptual video encoding optimization framework, Netflix Techblog, 
Mar 6, 2018; Optimized shot-based encodes: Now Streaming! Netflix Techblog, Mar 10, 2018]

Dynamic Optimizer finds encode path that yields 
the best average VMAF for the given bitrate



A Brief History of VMAF How VMAF Works

Work in Progress



PSNR 37.1 dB, VMAF 71.1
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PSNR 32.9 dB, VMAF 70.2

Image removed



PSNR 29.1 dB, VMAF 20.4
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PSNR 29.3 dB, VMAF 69.8
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Human visual system 
(HVS) modeling: 
simulate low-level 
neuro-circuits

VMAF framework
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HVS modeling: contrast masking
● When the compression or scaling artifacts gets superimposed on the pristine 

source signal with similar frequency and orientation, the artifacts becomes 
less noticeable by human eye

masking

[Source: HDR-VDP2, Mantiuk et al. 2011]



VMAF framework

spatial feature 
extraction
(VIF, DLM)

Pixel Neighborhood

within-frame 
spatial pooling
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Machine learning: 
align features with 
subjective scores



Lab test: collect subjective scores

Bad Poor Fair Good Excellent

Absolute Category Rating (ACR) Scale



Map ACR scale to VMAF scale

VMAF Scale
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Viewing distance / screen size matters



VMAF phone model

720 1080
VM

AF

Bitrate (Kbps)
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Source in HDR P3D65 (max 3000 nits) 
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VMAF for HDR 
● Goals:

○ Capture the perceptual benefit of HDR videos over SDR 
○ More generally, extend the quality prediction of VMAF to HDR range

● Challenges
○ Need to capture the most pre-dominant factors impacting quality (e.g. max luminance)
○ Need new human vision models to extend beyond SDR
○ Complex interactions between luminance and compression artifacts

Device physical characteristics

● Max luminance (Lw)
● Backlight resolution (RB)
● Minimum luminance (Lk)
● Bit depth (B)
● Color Gamut (Cg)

[Source: Dolby, Choudhury’17]





Network, encode, and ABR all contributes to QoE

Encode 

Network ABR 
Algorithm

QoE?

?
?

Diagnosis of a QoE issue



VMAF

Encoding 
Ladder

Network 
Throughput

Optimal 
Selection 

Production 
Selection 

Time

Hindsight: evaluate ABR algorithm



Learned image compression [Ballé 2017]

CNN

CNN

MSE / PSNR
SSIM / MS-SSIM

VMAF is not differentiable!



Train a differentiable “proxy” VMAF network

[Li-Heng Chen et al., joint work Netflix / UT Austin]



Kodim 19 (VMAFp – VMAF proxy)



Together with the open-source community, we are committed to evolve VMAF to 
deliver better video quality over the Internet. The journey continues. 

Questions?


