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Agenda

- Overview of Objective Quality Metrics
- Tools/Metrics | use

- Building your encoding ladder

- Other configuration options
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What Are Objective Quality Metrics

- Mathematical formulas that (attempt to) predict how human eyes would rate
the videos
- Faster and less expensive
- Automatable

- Examples
- MOS (Mean Opinion Score)
- Peak Signal to Noise Ratio (PSNR)
- Structural Similarity Index (SSIM)
- SSIMPlus
- VMAF (Video Multimethod Assessment Fusion)



Accuracy Continuum
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Tying Metrics to Predicted Subjective Ratings
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Key Concepts: Rate Distortion Curves and BD-Rate Functions

- Formal numbers-only analysis, A
typica”y deployed for COdeC/enCOder i —4—NGCODEC  =@=SVT-HEVC-P6 == 3x265 Medium ==M=x265 Very Fast
comparisons .

- Rate-distortion curve »

- Four encodes with different technologies N
(VMAF)
- On right — HEVC transcoders for live
broadcasts
- Rate-distortion curve — how each
technology “distorts™ at the various data
rates

VMAF POINTS
o [X=} [t} [}
o S = =}

00
00

950 1,450 1,950 2,450 2,950 3,450 3,950
DATA RATE



Visualization — Rate Distortion Curves

MERIDIAN 1080P60 - VMAF

=—#—NGCODEC  =—ll=x265Very Fast  ==fe=SVT-HEVC-L10  ==p==SVT-HEVC-L1

Overview

- Can do in Sheets but Excel clearer and
simpler 5
- Format data
- Create chart
89 Select Data Source ? K
- Must be Scatter with straight lines and S—— e
markers w / T S g =y
- Insert data B [ B Koo [N [
g5 NGCODEC 1,001
1 1,000 [v]  x265 Very Fast 2,002 hoo
- Customize graph area s
: VST 000, 3110 eak2
- Rinse and repeat 000 4125 ssaa [ -
265 Very Fast 1000 1,001 | 89.07 | rEvComdsbsuier [£] =assveryras | —

Series X values:
2000 2,002 93.21 |:HEvc,analysisl$W$97:$W$w00 IE‘ = 1,001, 2,002, ..
3000 3,006 9466 Series Y values:
4000 4008 95 42 |:HEVCfanaIysisl$X$97:$X$'\OO‘ lz‘ =189.07,93.21, ..

| OK | | Cancel

T

[
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AV1 produced same quality as

FaCebOOk Ana|yzeS AV1 x264 main profile at 50.3%

lower data rate
480
: I o lI -32.5% II -32.3%
-50.0% -43.4% 1% 4475

720p 1080p Average
-46.6%

-32.5%
45.3%

-60.0% -53.7%
-57.9%

AV1 BD-rate saving in terms of SSIM for ABR mode

264 Main  mx264 High  m libvpx-vpd FA\VA( produced
same quality as

VP9 at 32.5%
lower data rate

AV1 produced same quality as

x264 high profile at 46.3 %
lower data rate
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Bjontegaard Functions

A " BD-PSNR: measure the | Evaluate the average differe:
average difference in ¥- of two curves
| axis |

- Quantifies differences
between two curves

- BD-Rate — data rate saving for
the same quality
- BD-PSRN — quality disparity for
same bitrate
- Can use with any metric

" BD-rate: measure the
average differance in X-

Quality [db]

Bit rate [kbps]
http://bit.ly/BDRPSNR



http://bit.ly/BDRPSNR

Download Excel Spreadsheet with Macro

Compute Your Own Bjontegaard

Functions (BD-Rate)

88888888888888888

333333333333333333333

- http://bit.ly/BD_functions
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Macro — BD-RATE

- Always referential and have to pick NGCODEC SVT-HEVC-P6
Dinnerscene - Dinnersc
the reference 1080p  |Bitrate| VMAF | BDRat ene- |Bitrate| VMAF
: 1000 1,029 | 80.20 421 1000 | 9701 | 79.22
- Here, SVT is reference 2000 2029 | 8768 2000 | 1971 | 87.00
- Result — On average, NGCodec can 3000 3,029 | 9075 |BDQuality| 3000 | 2970 | 90.17
produce same quality as SVT at data rate 00 |40 %W ] 039 | 000 | B0 919
reduction of 4.21%
- BD-BR macro
. . NGCODEC SVT-HEVC-P6
- Blue — bitrate of reference file (SVT) Dinnerscene - Dinnersc
. . 1080p Bitrate | VMAF BDRate ene - |Bitrate| VMAF
- Red — metric score of reference file (SVT) 1000  |[-BDBR(AF3:AF6,AG3:AGR,SAB3:SAB6,SAC3:SACE) 79.22 |
- Purple — bitrate of target file (NGCodec) 2000 | 2029} 8763 2000 1 /1 | 87.09
_ _ 3000 3029 | 9075 |BDQuality] 3000 | 2970 | 90.17
- Green — metric score of target file 4000 4029 | 9248 0.39 4000 | 3970 | 9194

(NGCodec)

Computed with Computed with

similar macro this macro




The Tools | Use or Recommend

- Moscow State University Visual Quality Comparison Tool (VQMT)
- SSIMPLUS VOD Monitor
- Hybrik (Dolby) Media Analyzer



VQMT Workflow

Load one or two
encoded files

Choose Metric

Press Start

Load Source File

% MSU Video Quality Measurement Tool (VQMT) PRO
Project Help

Input video

Metric specification
Netflix VMAF Y

[Mask
not set

[Moutput
csv

[ Geometry transform
Lanczos to orig size

[Jsubsampling & Performance
ne frame skipping

[visualization o

Original

| F\Zoo\Zoo_1080p.mp4

1-st Processed

| F\Zoo\zoo_1080p

2_5M_Constrained_VBR.mp4 || - || Wizar... |

1
s
| F\Zoo\z00_1080p_2_5M_ConstantBitrate.mp4 || - || Wizard... |




~ Score entire comparison Green— second

[E| VQMT Result Plot
Eile Show
¥ vmaf 11:55 X Yvmaf 11:40 Y psnr 11:39 \
1000 1 I I I e BCN IS R O N 5 B ) SR
P ] I 1
' | }

a0

:—zng_1030p_2 Constraine:
— 70 _10309712 -'1 onstantBitrate..

Y vmaf
=~

Y . am

Wlald \ WU T A AP LA P |
AL LA

i | pral OO |
E | = ; - - frame ’"‘;mm Sh;sofu '\

Graph [Table | 4 Log]

| i \ [
Zoom in of selection Slide through Click to Show
| Actual Frames

frames




See Frames

MSU VQMT Preview
F\Zoo\zoo_1080p_2_5M_Constrained_VBR.mp4

00:00:04.10-108

1~ |[ALT+3] 2-nd Processed ~| || <[>

| VBR-encoded

- Slide through video file
- Compare

VBR frame = 69.24
CBR frame =47.73 ==

1920x 1080 o F\Zoo\zoo_1080p_2_5M_ConstantBitrate.mp4 1920x1080 o

- |

¥ ¥

00:00:04.10-108

i CBR-encoded

frame of 1440 2

- Compare side-by-side or
hot key between original
and two encoded files



Numerical Results from CSV

VMAF Mean
(CBR higher)

Harmonic Mean
(VBR higher)

 Lowest Q frame

" Highest Q frame

!

" Frame locations

~ Standard Deviation

Variance (std

zl Zoo_1080p_zoo_1080p_2_5M_Constrained_VBR_Zoo_1080p_zoo_1080p_2_5M_Con

File Edit Format View Help

Me‘tr‘ic,Ne‘tflix VMAF_VMAF@61,Netflix VMAF_VMAF@61
Color,VY,Y
File,F:\Zoo\Zoo_1080p.mp4,F:\Zoo\Zoo_1080p.mp4
File,F:\Zoo\zoo_1080p 2 5M_Constrained_VBR.mp4,F:\Zoo\zoo_1080p_2 5M ConstantBitrate.mp4
mean,79.75267792,80.25933838

harmonic mean,79.03630829,78.83194733

min. val,61.28330994,40.26516342

max. val,100.0000000,100.0000000

min. frame, 365,365

max. frame,185,109

std dev,7.702303886,10.05459118

variance,59.32548904,101.0948029

deviation squared)




S A B
MSU VQMT

Pros Cons
- Affordable (~$995) - Can only compare files of:
- GUI and command line - Like frame rate
- Very visual — easy to see test - Time consuming data entry
results in actual frames - Can output JSON for automated input
- Multiple algorithms — VMAF, PSNR,
SSIM, MS SSIM
- My review of VQMT
- bit.ly/VQMT _review




S A B
SSIMWAVE VOD Monitor

- Based on SSIMPLUS Algorithm - Can compare different resolutions

- Rates videos on scale that (without conversion)
corresponds with human - Can compare different frame
perception rates (without conversion)

- 80 — 100 — Excellent - Here at Streaming Media West
- 60 — 80 — Good
- 40 — 60 — Fair
- 20 —-40 — Poor
- <20 - Bad
- Predicts ratings on multiple
devices

- Phones, TVs, monitors, etc. Sy )
ﬁ streamlng

media west



SSIMPLUS VOD Monitor

<+ Add Category

Categclry Filter by keyword ©®| H264 Resoluticn:C]xD Bit Rate: kbps Device:[ OLED65G6P

> Results(8)

Category| HEVC Filter by keyword @ HEVC Resolution:DxD BitRate:Dkbm Device:[ OLED65G6P

> Results(8)

Rate SSIMP-om =
HEVC
Bitrate: 3 095
Score: 88.7

Compare H264 ‘y with ‘HEVC Bitrate Gain:  -45.01 SSIMPLUS Gain:  4.95

L3




Other Tools

- Hybrik — part of Dolby family

- Cloud system — | used for large
comparisons — process hundreds
of files overnight

- Not available as analysis-only

- Cost structure is minimum
$1,000/month

- FFmpeg/VMAF Master

- Cheap and accessible
- Number only; no visualization

- |Installing and Using Netflix VMAF-Master,

Streaming Learning Center, March 2019
(http://bit.ly/VMaster)

- Compute VMAF Using FFmpeg on

Windows, Streaming Learning Center,
November 2019 (bit.ly/ff_vmaf_win)



https://streaminglearningcenter.com/blogs/installing-and-using-netflix-vmaf-master.html
https://streaminglearningcenter.com/blogs/compute-vmaf-using-ffmpeg-on-windows.html

Applying Metrics in Technology Decision Making

- Start with a number

- Check results plot for transient
Issues or low frame values

- Check the actual frames
- |f visible, check video
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Start with the Number

- Checking the difference between CBR and VBR (both
1080p@2500)
- 200% constrained VBR - 80.47
- 1-pass CBR - 79.97

- Both very good, 1-pass CBR cuts encoding time in half, let's use
that!



But Walit — Let’'s Look at Results Plot

| Eile Show

YYUV vmaf 15:57

2| YYUY vmaf 15:44

YYUV psnr 15:43

a0 1080p_2_5M.
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But Walit — Let’'s Look at Results Plot

- Video removed to reduce file size



Let’'s Look at Frames - Original

Preview.

EExperiment ZOOLANDER_1080p.mov |.!|

[[CTRL+1] Original ~| [1acT+o1 ey <> N e ey 5= 5




Let’'s Look at Frames — Constrained VBR

=il ‘J

EExperimentizoo_1080p_2_5h_200p_CWER.mpd |ﬂ |

[[CTRL+3] 2-ndl pracessed | [[aLT+0] (no) MIEE C frame 106 of 1440 39% v B
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Let's Look at Frames - CBR

[[CTRL+2] Processed ~| [1acT+o1 ey - | <> L frame 106 of 1440 39% v B




But Can You See the Difference In Real Time?

| File Show

YYUV vmaf 15:57 ><| VYUV vmaf 1544 | YYUV psnr 1543

=
YUY wmaf

YUY wmaf

0

3rs

336

355

2370




Load Files into Video Editor

&

4

00:00:18:02 00:00:18:02

7
4
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Load Files into Video Editor

- Video removed to reduce file size
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SSIMPLUS VOD Monitor

- Video removed to reduce file size
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Using Quality Metrics — Finding the Top Rung

- About CRF
- Configuring ladder

- Floor and ceiling



About Constant Rate Factor Encoding

- Encoding mode available in

X264, x265, VP8/9 qwny Qoo e
- Encodes to a specific quality e

level, not a data rate
- Two uses

- As gauge of encoding complexity - Range is 1-51
- Lower number means higher quality

- With caps, a per-title encoding _ !
technique - For 2D video, CRF 23 roughly delivers
: VMAF 93
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Finding the Optimal Data Rate (Per-title)

. Compute data rate W|th CRF 23 CRF23 - 1080p FPS Description ' Data Rate | VMAF

Tears of Steel 24 Real world/CG movie 4,747 96.45

- Values varied from 1,001 to 6,111 el - Complex animation 2168 969

ig Buck Bunny imple animation . .

(Over 6000/0) Screencam 30 Camtasia-based video 1,625 96.59

. Tutorial 30 PowerPoint and talking head 1,001 96.68

¢ MeaSU re VMAF ratlng Talking Head 30 Simple talking head 2,706 95.47

reedom oncert footage , .90

¢ Values ranged from 9274 to 9688 I:aunted 22 DSLR r?novie—ltike ptrogduction 56):1512: 3;34

. . . Average 3,818 95.96

Stan”c;ard deviation was 1.39 (pretty TPy =
SMma

. Analysis - Conclusion:

- At 2.7 Mbps, a talking head video - CRF maps accurately to VMAF

offers same quality as movie at 6.1 values
Mbps (even more for synthetic videos)

- Validating the benefits of per-title
encoding
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VMAF Verification — 93 is the Number

- Real Networks White Paper - VMAF Reproducibility: Validating a
Perceptual Practical Video Quality Metric

- 4K 2D videos

- VMAF score of about 93 = video that is either indistinguishable
from original or with noticeable but not annoying distortion.

- http://bit.ly/vrgm_5
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CRF 23 Reality Check: YouTube Comparison

CRF 23 vs YouTube
7,000

6,000
5,000
4,000
3,000
2,000
1,000

Tears of Sintel Big Buck Screencam  Tutorial Talking Head Freedom Haunted

e CRF 23 e====YouTube

- Upload files to YouTube; measure data rate - YouTube averages 1 Mbps lower

- YouTube uses Al-based per-title - 3 VMAF points lower (1/2 JND)
optimization

- Pattern very similar



So

-1080p videos, CRF 23 = ~93 VMAF = shippable quality

- Significant data point
- As we'll see — encoding ladder starts at the top



Once You Have Highest it Becomes Math Exercise

- Step 1: Choose highest 200 kbps

- Step 2: Choose lowest 500 kbps
- Step 4: fill in the blanks

(between 150/200% apart) 1000 kbps

1600 kbps

2100 kbps

3100 kbps

4600 kbps



Zap1 - VMAF 4K 2K 1080p  720p  480p  360p  240p

Then Question is: I —

- Netflix approach

- Compute VMAF scores at multiple
resolutions at each data rate

- Choose best quality at each

resolution 53.28
- VMAF proven for 2D by Netflix, 5215 | %207
what about 3D? 3 o

481 30.76
46 54
44 63 2518
42.02 27.84
38.74 2592
34.21 23.1




How Ladders Change for Advanced Codecs

-Need completely different ladder
for HEVC/VP9/AV1



Proof — Tears of Steel
H.264 HEVC

1080p | 720p | Sd0p | 432p 2r0p | 2s4p |[HEVC 10s0p 7200 | se0p | 4320 | 300p | 270p | 234p
5000
4E00
4600
4400
4200
4000
3400 080D best qus S
3600
3400 C O C CUldlda dlE
{3200 9541 y
3000 95 16 G U
2800 04 87
2600 gas2 |
2400 09412 a2,
2200 93 63 (i3
2000 9105 | 5830
1800 G218 0034 BT.63
1600 G0 54 G0 44 &6 78 8318
100 [ 593 8827 | 8569 | 8212
1200 BT.30 BG.GE | 8422 B80T
1000 54 42 a4.46 | 8220 T8 o
6058 ||900 5239 83.02 | 8086 | 77.51 [ 6845 | 6218
56 23 800 &D.03 81,23 7819 7591 Gr.od | 60052
57 49 || 700 1704 rap0 | 7707 | 73 | 6538 | 5035
5533 ||600 7310 7588 | 7429 | 7136 | G321 | 5734 OWE S10 o
52 46 || 500 G811 71.82 FLERGS 67 80 6030 H4 60 = = =
4859 |laoo | 61m | 6502 6554 | 6319 | 5629 | Si ek glngtie ¢
42 %6 ]300 5013! 57 34 ol 06 56 18 45 65 0 -
3403 [|200 25 00 i 44 30 45 88 45 40 96 Ir 13
18.86 100 414 | 13.75 2463 2585 2386 | 2153
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Why is HEVC More Efficient?

- Simply a better codec

- One prominent
advantage — larger
block sizes

- H.264 — 16x16
- HEVC — 64x64

- Can encode large
images more efficiently

H.264 H.265
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What About Different Types of Content?

- In general: Tears of Steel (real world/CG) Sintel (animation)

- Synthetic videos encode at
higher quality at lower
bitrates (not shown here)

- Look better at higher
resolutions

- Push 1080p lower down in
the encoding ladder

« Push 720p further down the

HEVC| 1080p 540p | 432p | 360p | 270p | 234p ||HEVC

360p 270p 234p

2000 J 88.30
87.63
Iadder 1600 o0 ol 86.78 | 83.18 ey
. 1400 80.36 88.27 8569 82.12 78.62
- Not huge difference here
’ 1000 54.42 54 46 82.20 78.79 7535

83.02 | 8086 | 77.51 | 6845
8123 | 7919 | 7591 | 67.09
78.90 | 77.07 | 7391 | 6538

74.10 64.67 58.74
72.55 63.43 57.63
70.64 61.88 56.22

but much more profound I I
for screencams and

73.10 71.36 | 63.21 5817 | 5987 | 5442

. ] . — 67.89 | 6030 64.90 | 57.24 | 5202
similar videos LEETE i C257 | 067 | 5351|072
i A 56.18 | 50.40 : 4881 | 5619 | 5 5416 | 4826 | 4381

44.30 4524 | 40.96 ic 4422 | 3979 | 36.06

100 414 | 1375 | 2462 2585 | 2386 2653 | 2450 | 2189




Choosing the Optimal Encoding Time/Quality Tradeoft

- All encoders/codecs have configuration option
that trades off time vs. quality

- This technique lets you choose the best option

- Here — looking at x264 presets. What are
presets?

- Simple way to adjust multiple parameters to trade off
encoding speed vs. quality

- Used by virtually all x264 encoders
- Medium is generally the default preset

Constrain Maximum Data Rate
ultrafast

Max D [ Kb
superfast E ot 2390 ps

veryfast

faster
Constant B fast oo |z

medium
CRF m: slow
slower
Preset:
placebo i

Tuning: ILB
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When to Use This Technique

- When evaluating new encoders
- When choosing/evaluating encoding settings
- When comparing codecs




Test Procedure

- Choose test files - 2. Encode to all presets
- 1 movie (Tears of Steel) targeting around 96 VMAF max
- 2 animations (Sintel, BBB) - All files encoded to different
- Two general purpose (concert, bitrates
advertisement) - 3. Measure encoding time
+ One talking head -4, Measure Average VMAF
+ Screencam . 5. Measure Low-Frame VMAF

- Tutorial (PPT/Video)



Average VMAF

Average Quality Ultrafast |Superfast| Veryfast | Faster Fast [Medium| Slow | Slower |Veryslow | Placebo ;ce’:::a:
Tears of Steel 93.29 95.45 95.59 96.22 96.43 96.56 96.65 | 8.38%
Sintel 93.85 95.84 95.99 96.38 96.56 96.68 96.75 | 9.68%
Big Buck Bunny 92.68 95.03 95.29 95.53 95.75 95.87 96.01 |10.08%
Talking Head 93.66 94.90 94.86 95.18 95.29 95.43 95.39 3.20%
Freedom 92.63 94.58 94.51 95.37 95.59 95.84 96.04 5.48%
Haunted 89.43 91.30 91.08 91.98 92.08 92.35 92.45 4.38%
Screencam 93.52 94.75 94.75 94.70 94.77 94.86 9491 | 4.41%
Tutorial 95.55 96.16 96.17 96.17 96.26 96.28 96.10 | 3.07%
Average 92.59 94.52 94.56 95.11 95.28 95.46 95.55 | 6.08%

Red is lowest quality
Green highest quality

Note top values — average 95.62 (not Placebo)
Very slow averages best quality

- But only 8% spread between best and worst




Low-Frame VMAF

Red is lowest quality
Green highest quality
Note top values — average 84.16 (not Placebo)

Very slow averages best quality
- 33% spread between best and worst

Low Frame Quality Ultrafast | Superfast| Veryfast | Faster Fast |Medium| Slow | Slower |Veryslow| Placebo ;?efi?all
Tears of Steel 77.67 84.51 85.02 85.34 85.44 85.10 |23.12%
Sintel 74.93 79.12 80.41 82.27 81.90 82.61 |[23.45%
Big Buck Bunny 62.50 79.33 79.57 82.70 79.18 79.08 |50.15%
Talking Head 88.53 91.62 91.32 92.11 92.03 91.37 | 50.56%
Freedom 83.96 87.59 87.29 88.72 89.00 90.05
Haunted 62.69 64.62 61.63 67.33 67.74

Screencam 71.00 76.39 77.44 77.06

Tutorial 91.85 94.11 94.24

Average 75.05 81.13 80.88




Average Quality, Low-Frame Quality and Encoding Time Per x264 Presets

Encoding Time and Quality as % of Maximum

1.25

1.00

0.75

0.50

0.25

0.00

Average quality

OK; risk of

transient issues

99.8%

oy

100.0%

First acceptable
VOD preset (43%
faster than

Makes very little
sense to go
beyond Medium

Medium

19.63%

4//‘;;2% 13.38%

£

e
x

Ean

Ea

6.86%

7.75%

—————=

99.6%

encoding/cost time
doesn’t matter

100.0%

When

99.9%

100,00%

22.74%

31.13%

x Quality as % of Total
x Low Frame quality
= Encoding Time %

Makes no sense

whatsoever to use
Placebo

Ultrafast

Superfast

Veryfast

Faster Fast Medium Slow

X264 Preset

Slower

Veryslow

Placebo



Check Results Plot — UItrafast (red) vs Medium

- Multiple areas of
significant
differentiation

- Never use ultrafast

(even in live)

m"'—

'Mw LMJ

'l”l'nm rw[ I

e

=




L
Check Results Plot — Faster (red) vs Medium

> e -— g *— TR e e s

- One problem area,
but no major quality
differences

- Fast should be
acceptable starting
point for VOD and
live




Conclusions

- Faster is best preset for those seeking maximum throughput
- Makes very little sense to go beyond Medium when encoding cost/time is a
concern

- Very slow delivers maximum average and low-frame quality; Placebo never
seems to make sense
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SSIMPLUS VOD Monitor Demos

- HEVC vs H.264
- Per-Title Encoding



S A B
HEVC vs. H.264

- Video reduced to save file size



S A B
Per-Title

- Video removed to reduce file size
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