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Agenda

- Who are the competitors?

- Performance tests
- Setting the ground rules
- Results

- Conclusions
- Left to do



Who Was Invited

- Companies asked to participate
- Intel — distributing through OEMs only
- Elemental — declined to participate
- Ittiam — declined to participate — no bandwidth
- Beamr/Vanguard — declined — bad timing
- Vantrix — £.265 — no real effort behind technology
- NTT — declined, primarily sell custom products to specific OEMs
- MainConcept — yes!
- X265 — publicly available — yes!



What | tested

- Codecs - Focus
- X264 as baseline - VOD
- Main Concept - Encoding time specific
- X265 - 720p, 1080p, 4K
- VP9 - Five profiles each

- Four video files
- Netflix Meridian
- Blender TOS
- Blender Sintel
- New test clip



Basic Encoding Parameters

Bits/pixel Key-

720p Codec Width Height Data Rate (30 fps) Max DR VBV Profile Frame B-frame Reference
500 kbps HEVC 1280 720 500 0.0181 550 500 Main 2 3 6
1 mbps HEVC 1280 720 1000 0.0362 1100 1000 Main 2 3 6
2 mbps HEVC 1280 720 2000 0.0723 2200 2000 Main 2 3 6
3 mbps HEVC 1280 720 3000 0.1085 3300 3000 Main 2 3 6
4 mbps HEVC 1280 720 4000 0.1447 4400 4000 Main 2 3 6

1080p
1 mbps HEVC 1920 1080 1000 0.0161 1100 1000 Main 2 3 6
2 mbps HEVC 1920 1080 2000 0.0322 2200 2000 Main 2 3 6
4 mbps HEVC 1920 1080 4000 0.0643 4400 4000 Main 2 3 6
6 mbps HEVC 1920 1080 6000 0.0965 6600 6000 Main 2 3 6
8 mbps HEVC 1920 1080 8000 0.1286 8800 8000 Main 2 3 6

4K

4 mbps HEVC 3840 2160 4000 0.0161 4400 4000 Main 2 3 6
8 mbps HEVC 3840 2160 8000 0.0322 8800 8000 Main 2 3 6
12 mbps HEVC 3840 2160 16000 0.0643 17600 16000 Main 2 3 6
16 mbps HEVC 3840 2160 24000 0.0965 26400 24000 Main 2 3 6
20 mbps HEVC 3840 2160 32000 0.1286 35200 32000 Main 2 3 6



720p

Data Rate to +/- 5%

500
1000
2000
3000
4000

Sintel Tears of Steel New Meridien
120 Actual % 180 Actual % 96 Actual % 180 Actual %
7,500 7,501 100.01% 11,250 11,341 100.81% 6,000 6,197 103.28% 11,250 10,000 -
15,000 14,677 97.85% 22,500 22,660 100.71% 12,000 12,024 100.20% 22,500 22,510 100.04%
30,000 30,077 100.26% | 45,000 45,625 101.39% | 24,000 24,255 101.06% 45,000 45,016 100.04%
45,000 45,243 100.54% | 67,500 68,326 101.22% 36,000 36,264 100.73% 67,500 67,575 100.11%
60,000 60,230 100.38% | 90,000 94,279 104.75% | 48,000 48,240 100.50% 90,000 90,153 100.17%




Encoding Details — x265

- Encoded in x265
- Simple command string created by x265 developers

x265 --input s:\\New_720p.YUV --input-res 1280x720 --fps 29.97 --keyint 60 --min-keyint
60 --bframes 3 --ref 6 --bitrate 500 --vbv-maxrate 550 --vbv-bufsize 500 --preset slow --
output h:\New_720p_ 29 1M.hevc --no-scenecut --tune psnr --pass 1 --slow-firstpass --

stats T_720p_1M.log

x265 --input s:\\New_720p.YUV --input-res 1280x720 --fps 29.97 --keyint 60 --min-keyint
60 --bframes 3 --ref 6 --bitrate 500 --vbv-maxrate 550 --vbv-bufsize 500 --preset slow --

output h:\New_720p_ 29 1M.hevc --no-scenecut --tune psnr --pass 2 --stats
T 720p _1M.log --csv %CSV%



Encoding Details — MainConcept

- Encoded with encoder SDK v.1
- Command string and ini files supplied by MainConcept

- Used SABET for encoding

- Smart Adaptive Bitrate Encoding Technology.

- Encode source into up to 12 HEVC videos with different resolution
and bitrate in one encoding step

- Primary benefit is encoding time saving with a very slight cost in
quality
- According to MC, my tests did not confirm



Encoding Details — x264

- Encoded in same version of FFmpeg
- Simple command string

ffmpeg -y -i New_720p.mp4 -c:v libx264 -preset veryslow -g 60 -keyint_min 60 -
sc_threshold O -bf 3 -refs 6 -b_strategy 2 -b:v 4000k -pass 1 -f mp4 NUL && \

ffmpeg -i New_720p.mp4 -c:v libx264 -preset veryslow -g 60 -keyint_min 60 -
sc_threshold O -bf 3 -refs 6 -b_strategy 2 -b:v 1000k -maxrate 1100k -bufsize 1000k -
pass 2 New 720p_ 1M.mp4

ffmpeg -i New_720p.mp4 -c:v libx264 -preset veryslow -g 60 -keyint_min 60 -
sc_threshold O -bf 3 -refs 6 -b_strategy 2 -b:v 2000k -maxrate 2200k -bufsize 2000k -
pass 2 New 720p 2M.mp4



Encoding Details — VP9

- Encoded in same version of FFmpeg

- Reviewed by Google for my last book, Video Encoding by
the Numbers

ffmpeg -y -i sintel _720p.mp4 -c.v libvpx-vp9 -pass 1 -b:v 8000K -keyint_min 48 -g 48 -
threads 8 -speed 1 -tile-columns 4 -frame-parallel 1 -f webm NUL &&\

ffmpeg -i sintel_720p.mp4 -c:v libvpx-vp9 -pass 2 -b:v 4000K -keyint_min 48 -g 48 -
threads 8 -speed 1 -tile-columns 4 -frame-parallel 1 -an -f webm sintel 720p_4M.webm

ffmpeg -i sintel_720p.mp4 -c:v libvpx-vp9 -pass 2 -b:v 3000K -keyint_min 48 -g 48 -
threads 8 -speed 1 -tile-columns 4 -frame-parallel 1 -an -f webm sintel 720p_3M.webm



Choosing the Quality Setting

- Tried to find reasonable setting where MC/x265
performed similarly

- Performance tests
- MainConcept — used SABET — Level 18
- X265 — used Capella Systems Cambria Encoder
- FFmpeg was serial, not parallel — Medium preset
- VP9 — encoded five files in parallel, used that time

- X264 — just used very slow preset which was much faster than all
other tested technologies



MainConcept — Times and Quality

Percentage of Quality/Encoding Time

MainConcept - Encoding Time vs Quality
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x265 — Times and Quality

Encoding Time and Quality by X265 Preset
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X265 Drama

Original encodes without PSNR tuning

Sunday morning (after having encoding scripts for 12 days) For
your results to be valid you need to use --tune psnr for PSNR
comparisons, and --tune ssim for SSIM or SSIM plus comparisons.

There are several algorithm in x265 that we know for sure will hurt
PSNR and SSIM scores, but we also know they improve subjective
visual quality.

They’re on by default because people care about subjective visual
quality and not PSNR or SSIM scores. But you can’t leave them on
if you’re going to compare PSNR or SSIM... that would be totally
invalid.



Decision

X265 will reencode with PSNR tuning
We will measure with MSU VQMT

Problem: used Slow, not Medium
Resolution: Adjusted numbers downward to 99.1% of
quality

Not perfect, but best | could do

X265 results are with PSNR tuning enabled (+ 2-3% quality)
Adjusted by .991



VP9 — Times and Quality

VP9 - Encoding Time and Quality by Preset
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Measured Quality with VQMT

- PSNR

& MSU Video Quality Measurement Tool - - X

G-2 g
MSU Video Quality Measurement Tool

'%\ N [ 1 Version 6.1 BETA PROFESSIONAL

Step 1: File selection

orgralle: | [T | ][ Browse
e
Processed (compressed): | C:\Haunted\roughdraft_CUDA.m2ts | E‘ Browse
[ Comparative analysis
Second processed (another codec): | C:\Users\Zbook Smdio‘DownIoads‘foughcl E Browse
| Preview |
[Juse mask file: w:| | Browse |
Use black mask Preview

Step 2: Metric Selection

PSR | Settngs | Online metricinfo
Color component
@yyuv Quyov Ovywv Otdwv ORReB (OGRGB (O)B-RGB
Step 3: Output Selection —
[Jsave csv file Advanced r \
[[]save metric visualization video /image S
[Jsave "bad frames™ Advanced
e -
Ready [~ show results visualization

Webste | | Feedback | Hep || Ext




Meridian — 720p

x264, VP9, X265 and Main Concept

46.000

44.000

42.000

40.000 — X264

38.000 — VP9

e X265

36.000 = Main Concept

34.000

32.000 | t } . . f . } }

500 kbps 1 mbps 2 mbps 3 mbps 4 mbps
Meridian -720p
Main

Meridian - 720p X265 Concept | Max Delta | MC/X265
500 kbps 39.007 5.00% -1.07%
1 mbps 41.287 2.72% -0.81%
2 mbps 43.289 4.17% -0.24%
3 mbps 44 251 3.70% -0.15%
4 mbps 3.78% 0.11%
Average 4.20% -0.41%




Sintel — 720p

x264, VP9, X265 and Main Concept

50.000

45.000

40.000 / esm——

35.000 /

30.000 264

25.000 ::/PQ

20.000 X065

15.000 _

10.000 —Main Concept

5.000

0.000 | : : : : : : : : : :

500 kbps 1 mbps 2 mbps 3 mbps 4 mbps
Sintel - 720p
Main

Sintel - 720p X264 VP9 X265 Concept | Max Delta| MC/X265
500 kbps 32.697 34.614 13.18% 4.19%
1 mbps 35.240 37.521 13.68% 4.23%
2 mbps 38.860 40.617 10.56% 3.9
3 mbps 40.840 | 42.394 7.62% 2.99%
4 mbps 42 243 43.627 7.56% 2.25%

Average 37.976 39.754 10.28% 3.39%




Tears of Steel — 720p

x264, VP9, X265 and Main Concept

50.000
45.000

40.000 / — ——
35.000 /
30.000
— X264
25.000
—\/P9
20.000 X265
15.000 = Main Concept
10.000
5.000
0.000 | : | : |
500 kbps 1 mbps 2 mbps 3 mbps 4 mbps
TOSN - 720p
Main
TOSN - 720p X264 VP9 X265 Concept | Max Delta | MC/X265
500 kbps 35.030 36.126 14.88% -1.49%
1 mbps 38.065 39.180 9.34% -1.53%
2 mbps 41178 42 109 6.48% -1.06%
3 mbps 42 .856 43.701 8.43% -0.75%
4 mbps | 44070 44629 4.63% -0.79%
Average B2  40.240 | 41602  41.149 8.42% 1.10%




Overall — 720p

x264, VP9, X265 and Main Concept

___————

50.000
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25.000
20.000
15.000
10.000

5.000

0.000

500 kbps

1 mbps

2 mbps

3 mbps 4 mbps

Overall Average - 720p

— %264
—\/P9

e X265
—Main Concept

Overall - 720p

500 kbps

1 mbps

2 mbps

3 mbps

4 mbps

Averaqe

X264

VP9

‘ Main ‘
X265 Concept |

35.135

37.664

40.585

42.144

43.260

39.758

36.901

39.641

42.187

43.581

44523 |
41622

41.367

Max Delta | MC/X265
9.74% 0.50%
8.99% 0.60%
6.92% 0.74%
5.86% 0.69%
5.02% 0.52%
6.99% 0.61%




Meridian — 1080p

x264, VP9, X265 and Main Concept

45.000 %264
— VP9
43.000 - X265
— Main
Concept
41.000
39.000
37.000
1,500 3,000 4,500 6,000 7,500
Main
Meridian - 1080p X265 Concept | Max Delta| MC/X265
1,000 39.613 | 0.78¢ 5.58% 0.43%
2,000 41.374 11.50 | 4.82% 0.31%
4,000 3.19% 0.50%
6,000 3.11% 0.58%
8,000 3.83% 0.84%
Average 3.91% 0.54%




Sintel — 1080p

x264, VP9, X265 and Main Concept

50.000
45.000
40.000
35.000
30.000
— X264
25.000
—\/P9
20.000
e X265
15.000 ——Main Concept
10.000
5.000
0.000 | | : : : ;
1,000 2,000 4,000 6,000 8,000
Sintel - 1080p
Main
Sintel - 1080p X264 VP9 X265 Concept | Max Delta| MC/X265
1,000 34.050 35.369 11.28% -1.11%
2,000 36.953 37.630 8.86% -2.95%
4,000 40.219 40.836 9.07% -1.91%
6,000 41.980 42.723 3.91% -1.21%
8,000 43.223 43.863 4.55% -1.25%
Average 39.285 40.084 6.45% -1.67%




Tears of Steel — 1080p

x264, VP9, X265 and Main Concept

50.000
45.000
40.000 /
35.000
30.000
— X264
25.000
—\/P9
20.000
e X265
15.000 ——Main Concept
10.000
5.000
0.000 | . . . . .
1,000 2,000 4,000 6,000 8,000
TOSN - 1080p
Main
TOSN - 1080p Concept | Max Delta| MC/X265
1,000 36.126 6.80% -1.49%
2,000 39.180 9.00% -6.38%
4,000 42.109 9.12% -4.49%
6,000 43.701 3.92% -3.33%
8,000 44.629 4.56% -2.95%
Average 41.149 5.42% -3.74%




Overall — 1080p

x264, VP9, X265 and Main Concept
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15.000
——Main Concept
10.000
5.000
0.000 | : | : : :
1,000 2,000 4,000 6,000 8,000
Overall Average - 1080p
Overall Average - Main
1080p X264 VP9 X265 Concept | Max Delta | MC/X265
1,000 36.664 37.093 7.42% -1.16%
2,000 39.130 39.437 71.72% -3.27%
4,000 41.591 41.981 4.48% -2.20%
6,000 42.851 43.404 3.49% -1.56%
8,000 43172 44.312 4.27% -1.35%
Average 40.801 41.245 5.35% -1.90%




Meridian — 4K

x264, VP9, X265 and Main Concept

43.000

42.000

41.000

40.000

39.000

38.000

37.000

36.000 |

4,000

8,000

12,000 16,000 20,000

Meridian -4K

— X264
—V\/P9

e X265

= Main Concept

Meridian -4K

4,000

8,000

12,000

16,000

20,000

Average

Main
Concept Max Delta | MC/X265
39.353 3.95% -1.79%
3.90% 0.35%
2.66% 0.46%
3.99% 0.42%
2.73% 0.57%
3.05% 0.02%




Sintel — 4K

x264, VP9, X265 and Main Concept

50.000
45.000
40.000 /
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30.000
— X264
25.000
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20.000
e X265
15.000
—Main Concept
10.000
5.000
0.000 ¢ = : = | | : : : :
4,000 8,000 12,000 16,000 20,000
Sintel - 4K
Main
Sintel - 4K Concept Max Delta | MC/X265
4,000 39.026 10.49% -0.37%
8,000 41.599 8.95% -0.51%
12,000 43.290 3.26% -0.54%
16,000 44.402 71.62% -0.77%
20,000 45.296 2.36% -0.82%
Average 42.723 6.01% -0.61%




Tears of Steel — 4K

x264, VP9, X265 and Main Concept

48.000

42.000

46.000

—X264

—\/P9
40.000 e X265
—Main Concept
38.000
36.000 | | = = . : :
4,000 8,000 12,000 16,000 20,000
TOSN - 4K
Main
TOSN - 4K X264 VP9 Concept Max Delta | MC/X265
4,000 41.928 42.805 8.12% -0.90%
8,000 43.654 5.18% 0.16%
12,000 44 552 3.42% 0.05%
16,000 45.095 4.41% 1.19%
20,000 45.562 2.65% -1.76%
Average 44.158 4.38% -0.24%




Overall — 4K

x264, VP9, X265 and Main Concept

46.000
44.000
42.000
— X264
40.000
—\/P9
38.000 X265
—Main Concept
36.000
34.000 | | = = : :
4,000 8,000 12,000 16,000 20,000
Overall Average - 4K
Overall Average - Main
4K Concept Max Delta | MC/X265
4,000 40.395 7.45% -1.02%
8,000 5.79% 0.00%
12,000 2.91% -0.01%
16,000 9.06% 0.29%
20,000 2.04% -0.70%
Average 4.48% -0.28%




Overall

Overall Average -
Level 1

Level 2

Level 3

Level 4

Level 5

Average

- H.264 looks comparatively strong
- X265 by a very small margin

Main
Concept Max Delta | MC/X265
36.374 2.65% -0.38%
2.13% 0.00%
1.11% -0.01%
1.92% 0.11%
0.79% -0.28%
1.68% -0.11%




4K — VP9 Encoded at 1

x264, VP9, X265 and Main Concept

46.000

44.000

42.000

40.000

38.000

36.000

34.000 |

/

— X264
—\/P9

X265

—Main Concept

4,000

8,000

12,000
Overall Average - 4K

16,000

20,000

Overall Average - 4K

4,000

8,000

12,000

16,000

20,000

Average

X264

VP9

Main
X265 Concept |[Max Delta| MC/X265
40.806 40.395 8.07% -1.02%
42.450 42.450 7.08% 0.00%
43.423 43.417 3.54% -0.01%
43.966 44.094 5.34% 0.29%
44.625 44.314 2.64% -0.70%
43.054 42.934 5.24% -0.28%




Where Do We Go From Here

- Complete revamp of numbers:

- | reencode, adjust timings as necessary

- Re-encode x265 with PSNR tunings/Medium preset
- Rencode x264 with PSNR tunings

- Available at www.streaminglearningcenter.com by 3/15
- Adjust this presentation and point out any key differences
- Going forward

- Vanguard and perhaps one or two others by Streaming Media East
(May)

- Updated x265
- Any updates to MC




