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2 Overview

2.1 Sequences

Table 1. Summary of video sequences.
Sequence Number of Frame rate Resolution and
frames color space
1. Akiyo 300 30 352x288(YV12)
2. Foreman 300 30 352x288(YV12)
3. Paris 1065 30 352x288(YV12)
4. Stefan 300 30 352x288(YV12)
5. Battle 1599 24 704x288(YV12)
6. Wendys 260 30 720x576(YV12)
7. State Enemy 6500 24 720x304(YV12)
8. Indiana Jones 5000 30 704x288(YV12)
9. Mobile Calendar 504 50 1280x720(YV12)
10. Stockholm 604 50 1280x720(YV12)
11. Troy 300 24 1920x1072(YV12)
12. Pedestrian Area 375 24 1920x1080(YV12)

Brief descriptions of the sequences used in our comparison are given in
Table 1. More detailed descriptions of these sequences can be found in
Appendix 4. Test Set of Video Sequences.

2.2 Codecs
Table 2. Short codec descriptions
Codec Developer Version
1. dicas' mpegable H.264 dicas digital image 394
Command-line encoder coding GmbH e
2. Elecard AVC Video Encoder Elecard Ltd build Feb 17 2009
8-bit edition
Intel IPP H.264 Encoder Intel Corp. part .Of IPP 6.1 Gold
media samples
4. MainConcept AVC/H.264 Video . MainConcept Codec
Encoder Console Application MainConcept GmbH SDK 8.1
5 %264 x264 Development X264 core:67 r1123M
' Team 3d78062
6. Xvid raw mpeg4 bitstream Xvid version for 24.08.2007
encoder

Brief descriptions of the codecs used in our comparison are given in Table 2.
XviD was used as a good quality MPEG-4 ASP reference codec for
comparison purposes. Detailed descriptions of all codecs used in our
comparison can be found in Appendix 5. Tested Codecs.

http://www.compression.ru/video/ 5
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3 Objectives and Testing Rules

3.1 H.264 Codec Testing Objectives

The main goal of this report is the presentation of a comparative evaluation of
the quality of new H.264 codecs using objective measures of assessment.
The comparison was done using settings provided by the developers of each
codec.

3.2 Testing Rules

* The entire test set was divided into three primary types of
applications. These applications differ by resolution, bitrate and
encoding speed requirements:

0 Videoconferences (bitrates of 50-400 kbps)
0 Movies (bitrates of 500-1500 kbps)
0 High-definition television (“HDTV”; bitrates of 1-10 mbps)

* There are special presets and speed limitations for every type of
application:

0 Videoconferences (speed requirements for 200 kbps CIF
sequences):
=  Minimum 100 fps for "High Speed" preset
= Minimum 50 fps for "High Quality" preset
0 Movies (speed requirements for 750 kbps 4CIF
sequences):
= Minimum 40 fps for "High Speed" preset
= Minimum 12 fps for "High Quality" preset
o HDTV (speed requirements for 3 mbps 1280x720
sequences):
= Minimum 10 fps for "High Speed" preset
=  Minimum 3 fps for "High Quality" preset
» The developer of each codec provided settings for each type of
Application. The individual parameters of each setting to a large
extent were chosen by the developers.

» Each codec was tested for speed three times; the median score
(the middle value of the three measurements) was then used as
the representative time.

» During the testing process, source video sequences were in the
YV12 format (.yuv file extension)

* For all measurements the PRO version of the MSU Video Quality
Measurement Tool was used
(http://www.compression.ru/video/quality measure/vgmt _pro_en.h
tml#start).

» The following computer configuration was used for the main tests,
except for multi-core encoding:

OS Name Microsoft Windows XP Professional
Processor 4-cores processor: Intel Core Quad Q6600
Total Physical Memory 4093.42 MB

Video Adapter Type NVIDIA GeForce 8500 GT

During the evaluation the following measures were used: PSNR (Y, U, V
components) and SSIM (Y, U, V components). More detailed information
about these measures may be found on the Internet at the following URL:
http://www.compression.ru/video/quality measure/info.html

http://www.compression.ru/video/ 6
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4 Comparison Results

4.1 Video conferences

mMoscow, MAY 2009

This is the short version of the report. Only part of relative quality analysis is present
below. All the other Video Conferences results (RD curves, bitrate handling, encoding
speed, etc) can be found in the full version. You can purchase the full version of the
report at the comparison web-page. Y-PSNR results could be found in full version also.

4.1.1 Relative Quality Analysis
Table 3 and Table 4 contain relative bitrate for the same quality for all the

encoders.

The MainConcept codec is the leader for all presets according to all objective
quality metrics, and it is followed by the x264 codec. The Intel IPP H.264
encoder holds third place. For High Speed preset the results of Elecard
encoder are very close to Intel IPP H.264 encoder results. All H.264 encoders
show better bitrate ratio comparing to XviD encoder using Y-SSIM as quality
metric rather than Y-PSNR.

Note, that each the number in tables below corresponds to some segment of bitrates
(see Appendix 6. Figures Explanation for more details). Unfortunately, those segments
can be rather different because of different quality of compared encoders. This fact can
lead to some inadequate results in case of three and more codecs comparisons. This
comparison technique will be improved in the future.

Table 3. Average bitrate ratio for a fixed output ¢  uality using
videoconference sequences and the High Speed preset (Y-SSIM metric).
dicas Elecard IPP H.264 MainConcept X264 XviD
dicas 100.00% 95.24% 97.37% 65.06% 70.38% 109.01%
Elecard 105.00% 100.00% 101.21% 66.94% 73.94% 115.43%
IPP H.264 102.70% 98.80% 100.00% 67.56% 72.04% 112.80%
MainConcept 153.71% 149.40% 148.01% 100.00% 104.42% 170.76%
X264 142.09% 135.24% 138.80% 95.77% 100.00% 153.54%
XviD 91.73% 86.63% 88.65% 58.56% 65.13% 100.00%
Table 4. Average bitrate ratio for a fixed output ¢  uality using
videoconference sequences and the High Quality pres et (Y-SSIM metric).
dicas IPP H.264 MainConcept x264 XviD
dicas 100.00% 82.13% 64.80% 69.06% 105.58%
IPP H.264 121.76% 100.00% 83.07% 83.91% 130.94%
MainConcept 154.33% 120.38% 100.00% 102.75% 164.22%
X264 144.80% 119.17% 97.32% 100.00% 151.57%
XviD 94.71% 76.37% 60.89% 65.98% 100.00%

http://www.compression.ru/video/
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Figure 1 and Figure 2 visualize data in the tables above. Each line in those figures
corresponds to one codec. Values in vertical axis are average relative bitrate comparing
to the codecs in horizontal axis. The lower bitrate is the better relative results have the
codec.

Average bitrate ratio for the same quality. Usage a  rea “Video
Conference”. “High Speed” preset, Y-SSIM

170.00%
Q
T 130.00%
E
()
=
k& ] ‘
(&)
o 90.00%

} —
50.00%
Dicas Elecard Intel IPP MainConcept X264 XviD
Dicas ={>=Elecard ={Intel IPP =} MainConcept X264 == XviD

Figure 1. Average bitrate ratio for the same qualit y. Usage area “Video Conferences”.
“High Speed” preset, Y-SSIM.

Average bitrate ratio for the same quality. Usage a  rea “Video
Conference”. “High Quality” preset, Y-SSIM

170.00% r

130.00%

Relative bitrate

90.00%

50.00%
Dicas Intel IPP MainConcept X264 XviD

Dicas ={F=Intel IPP = MainConcept X264 ={I=XviD

Figure 2. Average bitrate ratio for the same qualit y. Usage area “Video Conferences”.
“High Quality” preset, Y-SSIM.

http://www.compression.ru/video/ 8
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4.2 Movies

This is the short version of the report. Only few examples of figures and part of
conclusions are present below. You can purchase the full version of the report at the
comparison web-page.

4.2.1 RD Curves

4.2.1.1 High Quality Preset

The High Quality preset results for each sequence are presented in Figure 3
through Figure 8. The first four pictures show the Y-PSNR results and the last
four pictures show the Y-SSIM results. Used metric significantly influence on
results: leader of PSNR metric is MainConcept, leader of SSIM is x264. Using
PSNR as standard of comparison dicas encoder (with HYSAQM enabled)
demonstrates the lowest quality among H.264 encoders. Intel IPP H.264
encoder is better than dicas and worth than x264 and MainConcept.

Average RD, Battle
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Figure 3. Bitrate/Quality. Usage area “Movies”, “Ba  ttle” sequence,
“High Quality” preset, Y-PSNR
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Figure 8. Bitrate/Quality. Usage area “Movies”, “We  ndys” sequence,
“High Quality” preset, Y-SSIM

4.2.1.2 High Speed Preset

The RD curves for the High Speed preset are shown in Figure 9 through
Figure 12. The situation is similar to High Quality preset: leader is
MainConcept when PSNR is used and x264 when SSIM is used. Third place
have Intel IPP H.264 codecs, followed by Elecard and dicas encoders.

http://www.compression.ru/video/ 12




VIDEO MPEG-4 AVC/H.264 CODECS COMPARISON mMoscow, MAY 2009
CS MSU GRAPHICS & MEDIA LAB VIDEO GROUP

Average RD, Battle

F e ——,—————————_————l I B=
|l = = [ g
| I L ‘.‘
(7 p—— = - -
z
]
o
>
& 36F -~ O L =
= —
[ dicas, High-Speed preset D
£ —H Elecard, High-Speed preset =
g S A A j‘ 7777777 - Intel IPP, High-Speed preset T g
| —= Mainconcept, High-Speed preset o
! X264, High-Speed preset =
,,,,,,,, N ! Lo —
34 | - xviD, High-Speed preset <
| | | |
| | | |
| | | |
33 (s e E i T e N
| | | |
| | | |
| | | |
Y] b 4o N oo e R
| | | | | |
| | | | | |
| | | | | |
1 1 1 1 1 1
600 800 1000 1200 1400 1600

Bitrate, kbps

Figure 9. Bitrate/Quality. Usage area “Movies”, “Ba  ttle” sequence,
“High Speed” preset, Y-PSNR
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Figure 10. Bitrate/Quality. Usage area “Movies”, “S  tate Enemy” sequence,
“High Speed” preset, Y-PSNR
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Figure 11. Bitrate/Quality. Usage area “Movies”, “I  ndiana Jones” sequence,
“High Speed” preset, Y-SSIM
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4.2.2 Encoding Speed

4.2.2.1 High Speed Preset
Absolute speed results are presented in Figure 13 and Figure 14.

The fastest encoder with High Speed preset is Elecard, the slowest one is
x264(best fitted our speed requirements). Note unstable results of Elecard
encoder at “State Enemy” sequence.
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Figure 13. Encoding speed. Usage area “Movies”, “Ba  ttle” sequence,
“High Speed” preset

Absolute encoding time, State Enemy
120F — = — —— m e — —

. |
| dicas, High-Speed preset :
! —B Elecard, High-Speed preset !

Mo - - - --- =< - —~—~——-—~————— - - : — — - & Intel IPP, High-Speed preset - - —:
| = Mainconcept, High-Speed preset |

X264, High-Speed preset |
|

|

|

|

|

100 - - - - - - _____1___ —_ 2N —HE- xviD, High-Speed preset
T T

Encodeing speed (fps)

| |
| i
| |
30 | | | !
400 600 800 1000 1200 1400 1600

Bitrate, kbps

Figure 14. Encoding speed. Usage area “Movies”, “St ~ ate Enemy” sequence,
“High Speed” preset
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4.2.3 Speed/Quality Tradeoff

Detailed descriptions of the speed/quality trade-off graphs can be found in Appendix 6.
Figures Explanation. Sometimes codec results are not present in the particular graph.
The reason for that are extremely poor results of the codec. Its RD curve has no
intersection with reference’s RD curve.

The speed/quality trade-off graphs simultaneously show relative quality and
encoding speed for the encoders tested in this comparison. Again, XviD is the
reference codec with both quality and speed normalized to unity for all of the
below graphs. The terms “better” and “worse” are used to compare codecs in
the same manner as in previous portions of this comparison.

Please note that the averaging method among all sequences suppose that all codecs
have the results for each sequence. When it's not the case, then only existing results
are taking into account.

4.2.3.1 High Speed Preset

Figure 15 through Figure 20 show results for the High Speed preset. In
considering the cumulative results for all sequences, it becomes apparent that
the Elecard encoder is better than the XviD codec. The x264 and
MainConcept encoders results depend on used metric similar to High Quality
results. Another compatible pair is dicas and Intel IPP H.264 encoder, where
dicas is totally worse than Intel.
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Figure 15. Speed/Quality tradeoff. Usage area “Movi  es”, “Battle” sequence,
“High Speed” preset, Y-PSNR
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Figure 16. Speed/Quality tradeoff. Usage area “Movi  es”, “Wendys” sequence,
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Average relative bitrate, Y-PSNR, 4 sequences (Batt le, Indiana Jones, State Enemy, ...)
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Figure 17. Speed/Quality tradeoff. Usage area “Movi  es”, all the sequences,

“High Speed” preset, Y-PSNR
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Figure 18. Speed/Quality tradeoff. Usage area “Movi  es”, “Indiana Jones” sequence,
“High Speed” preset, Y-SSIM
Average relative bitrate, Y-SSIM, 1 sequence (State  Enemy)
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