
From per-title encoding to audience-adaptive encoding



Quality

Bitrate

Let’s assume you’re familiar with this already
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3High complexity content



4Low complexity content



1080p display 420p display 480p display

Limitation
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1920x1080 @ 6 Mbps
1080p display 420p display 480p display

VMAF: ~90



1920x1080 @ 6 Mbps
1080p display

960x540 @ 365 Kbps
420p display

960x540 @ 365 Kbps
480p display

VMAF: ~50VMAF: ~90 VMAF: ~50



Two options:
1. One ladder per device
2. Hybrid ladder



What if you want to apply PTE techniques to a 
mixed set of viewing conditions?



You have three decisions to make.

2. Min target size

1. Max target quality

3. Number of renditions



And you need three things.

5. Audience bandwidth data

6. Audience resolution data

4. Per-title encoding data



1. Max target quality

[VMAF 94] [1080p]



2. Min target size

[VMAF 94] [1080p]

[2% of users] [240p]



3. Number of renditions

1 [VMAF 94] [1080p]
2
3
4
5 [2% of users] [240p]



4. Per-title encoding data

1 7437 1280x720
2
3
4
5 [2% of users] [180p]

1 6500 1920x1080
2
3
4
5 [2% of users] [180p]

1 2000 1920x1080
2
3
4
5 [2% of users] [180p]



5. Audience bandwidth data

6. Audience resolution data





0 2000 4000 6000 8000 10000

TV-heavy
Mobile-heavy

5. Audience bandwidth data
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6. Audience resolution data



1 7437 1280x720
2
3
4
5 502 426x240

1 6500 1920x1080
2
3
4
5 502 426x240

1 2000 1920x1080
2
3
4
5 502 618x348

1 7437 1280x720
2
3
4
5 260 426x240

1 6500 1920x1080
2
3
4
5 260 426x240

1 2000 1920x1080
2
3
4
5 260 426x240

TV-heavy Mobile-heavy



1 6500 1920x1080
2
3
4
5 502 426x240

25% of audience
50% of audience
75% of audience



1 7437 1280x720
2 2962 960x540
3 1639 640x360
4 998 440x248
5 502 426x240

1 6500 1920x1080
2 3528 1280x720
3 2417 960x540
4 1232 576x324
5 502 426x240

1 2000 1920x1080
2 1515 1280x720
3 1037 960x540
4 558 576x324
5 502 640x360

1 7437 1280x720
2 2021 768x432
3 1515 576x324
4 1114 476x268
5 260 426x240

1 6500 1920x1080
2 1764 768x432
3 1154 576x324
4 884 462x260
5 260 426x240

1 2000 1920x1080
2 812 768x432
3 597 576x324
4 356 426x240
5 260 426x240

TV-heavy Mobile-heavy



1 [VMAF 94] [1080p]
2
3
4
5 [2% of users] [240p]

What did we just do?



Optimized top bitrate

What did we just do?

1 [VMAF 94] [1080p]
2
3
4
5 [2% of users] [240p]



Optimized top bitrate

PTE top resolution
1 [VMAF 94] [1080p]
2
3
4
5 [2% of users] [240p]



Optimized top bitrate

PTE top resolution

Data-driven bottom rendition

1 [VMAF 94] [1080p]
2
3
4
5 [2% of users] [240p]



Optimized top bitrate

PTE top resolution

Data-driven bottom rendition

Intermediate renditions
tailored to audience

1 [VMAF 94] [1080p]
2
3
4
5 [2% of users] [240p]



One last thing:
How do you measure this?



1. QoE



Static Ladder Audience Adaptive Ladder
Upscaling (Average) 6.56% 13.37%

Upscaling (95%) 35.36% 67.30%
Downscaling (Average) 25.81% 20.97%

Downscaling (95%) 72.21% 73.06%

Resolution Fit

162,135 video views, measured October 2019
Mid-sized OTT platform



Static Ladder Audience Adaptive Ladder
Rebuffering Percentage 1.94% 3.21%
Rebuffering Frequency 0.14/minute 0.15/minute

Rebuffering Duration (50%) 1.53 seconds 1.66 seconds
Rebuffering Duration (95%) 19.96 seconds 22.53 seconds

Rebuffering

162,135 video views, measured October 2019
Mid-sized OTT platform



2. Measure the actual ladder



Not like this



Like this



For a single encode, 
what is the quality?



For an ABR ladder and multiple viewers,
what is the average quality seen?
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