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2 Overview

2.1 Sequences

Table 1. Summary of video sequences.
Sequence Number of Frame rate Resolution
frames

1. lce Age 2014 24 720x480
2. Up 1920 24 720x480
3. State Enemy 6500 24 720x304
4. Indiana Jones 5000 30 704x288
5. Mobile Calendar 504 50 1280x720
6. lron Man 600 24 1920x1080
7. Troy 300 24 1920x1072
8. Amazon 1200 24 1280x720

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 5. Test Set of Video Sequences.

2.2 Codecs
Table 2. Short codec descriptions
Codec Developer Version
1. DivX AVC/H.264 Video Encoder DivX, Inc. version 1.1.1.6
2. Ei'teggirt?oﬁ'vc Video Encoder8 - giocarg Ltd 2.1.022202.091207
3. Intel® MediaSDK AVC/H.264 Intel Corp. 110.1.15

transcoder sample appication

4. MainConcept AVC/H.264 Video

Encoder Console Application MainConcept GmbH 8.5.0.12837

5. Microsoft Expression Encoder 3  Microsoft Corp. 3 .0.1332.0
6. Theora encoder Xiph.Org. Provided by developers
7 %264 x264 Development X264 core:85 r1442M
Team 781d300
8. XviD raw mpeg4 bitstream XviD Development wvid-1.3.0-dev
encoder Team

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 6. Tested Codecs.
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2.3 Objectives and Testing Rules
2.4 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.

The main task of the comparison is to analyze different H.264 encoders for
the task of transcoding video—e.g., compressing video for personal use.
Speed requirements are given for a sufficiently fast PC; fast presets are
analogous to real-time encoding for a typical home-use PC.

2.5 Testing Rules

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

0 Movies (bitrates of 500-2000 kbps)
o High-definition television (“HDTV”; bitrates of 0.7-10 mbps)

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

0 Movies (speed requirements for 750 kbps A4CIF
sequences):

Minimum 120 fps for "High Speed" preset (1 pass,
no B-frames, 1 reference frame)

Minimum 80 fps for "Normal" preset (2 passes)
Minimum 40 fps for "High Quality" preset

o HDTV (speed requirements for 3 mbps 1280x720
sequences):

Minimum 100 fps for "High Speed" preset (1 pass,
no B-frames, 1 reference frame)

Minimum 50 fps for "Normal" preset (2 passes)
Minimum 20 fps for "High Quality" preset

Each codec’s developer provided settings for each type of
application. Each setting’s individual parameters were, to a large
extent, chosen by the developers, except the following:

o DivX H.264
0 Microsoft Expression Encoder
0 Theora

Each codec was tested for speed three times; the minimum score
was then used as the representative time.

During the testing process, source video sequences were in the
YV12 format (.yuv file extension) for all codecs except Theora
(-y4m with YV12)

http://compression.ru/video/codec_comparison/h264 2 010 6




For all measurements the PRO version of the YUVsoft Video
Codec Scoring System was used
(http://www.yuvsoft.com/technologies/vicos/index.html).

The following computer configuration was used for the main tests:
0 4-cores processor: Intel Core i7 920, 2.67GHz
0 OS Name: Microsoft Windows 7 Professional 64-bit
o Total Physical Memory: 6 GB
0 GPU: NVIDIA GeForce GTX 275

During the evaluation the following measures were used:
SSIM (Y components)
PSNR (Y 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
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3 Comparison Results

3.1 Movies

The full results for (High Speed, Normal and High Quality presets) could be found in
professional versions of this report:

H.264 Comparison Report Pro 2010 — Movies edition
H.264 Comparison Report Pro 2010 — Enterprise edition

See http://compression.ru/video/codec_comparison/h264 2010 webpage for purchase
links.

3.1.1 RD Curves

3.1.1.1 Normal Preset

The Normal preset results for each sequence are presented in Figure 1
through Error! Reference source not found. . The first four figures show the
Y-SSIM results.

SSIM metric: The leader is x264; MainConcept placed second, and DivX
H.264 placed third. For the "Ice Age" and "Up" sequences, the MediaSDK and
Elecard encoders exhibited similar results. For the "Indiana Jones" and "State
Enemy" sequences, the XviD encoder placed fourth. Theora has a strange
RD-curve quality drop at 1,000 kbps.

Theora was second to last on average for Y-SSIM, but for high bitrates, it had
better results than did some codecs according to the Y-SSIM metric.

Average RD, Ice Age
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Figure 1. Bitrate/quality —usage area “Movies,” “lce Age” sequence,
Normal preset, Y-SSIM metric
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Average RD, Indiana Jones
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Figure 2. Bitrate/quality —usage area “Movies,” “Indiana Jones” sequence,
Normal preset, Y-SSIM metric
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Normal preset, Y -SSIM metric

Average RD, Up
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Figure 4. Bitrate/quality —usage area “Movies, ” “Up” sequence,
Normal preset, Y-SSIM metric

3.1.2 Encoding Speed

3.1.2.1 Normal Preset

Absolute speed results are presented in Figure 5 through Figure 8. All the
encoders except Microsoft Expression and Theora have a similar growth rate
for encoding time versus increasing bitrate. Elecard is the fastest encoder.
The encoding speed of the Microsoft Expression and Theora encoders
exhibits almost no dependency on bitrate, and Microsoft Expression’s
encoding speed decreases at 1,200 kbps for the “Ice Age” sequence. XviD’'s
encoding speed exhibits little dependency on bitrate for the “Up” sequence.
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Encodeing speed (fps)

Absolute encoding time, Ice Age
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“Indiana Jones” sequence, Normal preset
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Absolute encoding time, State Enemy
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“State Enemy” sequence, Normal preset
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Figure 8. Encoding speed —usage area “Movies”

“Up” sequence, Normal preset

3.1.3 Speed/Quality Trade-Off

Detailed descriptions of the speed/quality trade-off graphs can be found
Appendix 7. Figures Explanation. Sometimes, codec results are not present in the
particular graph owing to the codec’s extremely poor performance. The codec’s RD
curve has no intersection with the reference’s RD curve.

in

The speed/quality trade-off graphs simultaneously show relative quality and
encoding speed for the encoders tested in this comparison. XviD is the
reference codec, for which both quality and speed are normalized to unity for
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all of the 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 method of averaging among all sequences assumes that all codecs
produced results for each sequence. When this is not the case, only existing results are
taken into account.

3.1.3.1 Normal Preset

Figure 9 through Error! Reference source not found.  show results for the
Normal preset. The results differ depending on the chosen metric.

Y-SSIM: The three best codecs (no codec performs faster with higher quality)
in terms of speed and quality are XviD, Elecard and x264 on average, except
for the "Ice Age" and "Indiana Jones" sequences. The x264 encoder is better
on average than DivX H.264 and MainConcept.

Almost all encoders except Microsoft Expression exhibited better results on
average than did Theora.

Average relative bitrate, Y-SSIM, 1 sequence (Ice A ge)
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Figure 9. Speed/quality trade -off —usage area “Movies,” “Ice Age” sequence,

Normal preset, Y-SSIM metric
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Average relative bitrate, Y-SSIM, 1 sequence (India na Jones)
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Average relative bitrate, Y-SSIM, 1 sequence (Up)
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3.1.4 Bitrate Handling

3.1.4.1 Normal Preset

Encoders with Normal presets, except the Microsoft Expression encoder,
demonstrate good bitrate handling for all sequences. For the “Up” sequence,
XviD showed less than stellar results, especially at high bitrates. For all
sequences, MainConcept, x264, Elecard and DivX H.264 showed the best
results compared with other encoders. DivX H.264’s bitrate decreases at
1,500 kbps. MediaSDK slightly decreases bitrates, but the results are stable.
Theora has a good bitrate handling mechanism but is not very stable.

Bitrate handling, Ice Age

Real bitrate/target bitrate, times

L |
-5 DivX H.264, Normal preset | |
-e— Elecard, Normal preset : :
—>$— MS Expression Encoder, Normal preset I I
-5~ MediaSDK, Normal preset | LN B
-@- MainConcept, Normal preset
-/~ Theora, Normal preset
X264, Normal preset
XviD, Normal preset

0.92f

0.9 L
500 1000 1500 2000

Bitrate, kbps

Figure 14.  Bitrate handling —usage area “Movies,” “Ice Age” sequence,
Normal preset
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Bitrate handling, Indiana Jones
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Figure 15. Bitrate handling —usage area “Movies,” “Indiana Jones” sequence,
Normal preset

Bitrate handling, State Enemy
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Figure 16.  Bitrate handling —usage area “Movies,” “State Enemy” sequence,
Normal preset
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Bitrate handling, Up
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Figure 17.  Bitrate handling —usage area “Movies,” “Up” sequence, Normal preset
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3.1.5 Relative Quality Analysis

Error! Reference source not found.  through Error! Reference source not
found. show relative bitrates for a fixed quality output for all codecs and
presets. Note that these tables do not include information about the speed of
the encoder.

Note that each number in the tables below corresponds to some range of bitrates (see
Appendix 7. Figures Explanation for more details). Unfortunately, these ranges can
differ significantly because of differences in the quality of compared encoders. This
situation can lead to some inadequate results when three or more codecs are
compared. This comparison technique will be improved in the future.

Table 3 and Error! Reference source not found.  present the Normal preset
results for the Y-SSIM and Y-PSNR quality metrics, respectively. The results
are similar to those of the High Speed preset: the leaders are x264 and
MainConcept, depending on the quality metric (the bitrate difference is 18%
for a fixed quality).

Table 3. Average bitrate ratio for the same quality . Usage area “Movie”.
“Normal” preset, Y-SSIM.

DivX H.264 Elecard Expression MediaSDK MainConcept Theora x264 XviD

DivX H.264
Elecard
Expression
Media SDK
MainConcept
Theora
X264
XviD
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Error! Reference source not found.  depicts the data from the tables above. Each line
in the figures corresponds to one codec. Values on the vertical axis are the average
relative bitrates compared with the codecs along the horizontal axis. A lower bitrate

indicates better relative results.

Average bitrate ratio for the same quality.
Usage area “Movie”. “Normal’ preset, Y-SSIM
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Figure 18.  Average bitrate ratio for a fixed quality —usage area “Movies”.
Normal preset, Y-SSIM metric.
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3.2 HDTV

3.3 Conclusions

3.3.1 Movies

The leading encoders in this usage area are MainConcept and x264. The
quality of the Theora encoder is rather low.

3.3.1.1 High Speed Preset

The x264 encoder demonstrates better quality on average, and MainConcept
shows slightly lower quality. These codecs’ bitrate handling algorithm is
acceptable for this usage area. The MediaSDK codec places third. The top
three codecs for this preset are the following:

1. x264
2. MainConcept
3. MediaSDK

3.3.1.2 Normal Preset

The results for the Normal preset differ from those for the High Speed presets
only in third place. The x264 encoder demonstrates better quality on average,
and MainConcept shows slightly lower quality. The DivX H.264 encoder holds
third place. The top three codecs for this preset are the following:

1. x264
2. MainConcept
3. DivX H.264

3.3.1.3 High Quality Preset

The results for this preset are similar to those of the Normal preset. The
leaders are the x264 and MainConcept codecs. DivX H.264 takes third place.
The top three codecs for this preset are the following:

1. x264
2. MainConcept
3. DivX H.264
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Figure 19.  Average bitrate ratio for a fixe d quality —usage area “Movies,” all presets, Y -SSIM.

*The encoding speed of these encoders is not in the requirements range owing to
our chosen presets or to a lack of options

**The MediaSDK encoder does not meet the requirements for High Speed

presets—specifically, no B-frames and exactly one reference frame

3.3.2 HDTV

The leaders in the HDTV area are x264, DivX H.264 and MainConcept. The
XviD encoder trails all other H.264 encoders. Theora demonstrates rather

poor results compared with other encoders.

3.3.2.1 High Speed Preset

The x264 encoder demonstrates better quality on average, and MainConcept
shows slightly lower quality. The MainConcept codec holds third place. The
top three codecs for this preset are the following:

1. x264
2. DivX H.264 (High Speed preset does not meet speed requirements)

3. MainConcept

3.3.2.2 Normal Preset

The results for the Normal preset differ from those of the High Speed presets.
MainConcept shows the best results; DivX H.264 and x264 share second
place (their quality results are very similar, with x264 being slightly better and
DivX H.264 being 15% faster), and MainConcept holds third. The top four
codecs for this preset are the following:

1. MainConcept
2. X264 and DivX H.264
3. MainConcept
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3.3.2.3 High Quality Preset

The results for the High Quality preset are very interesting: x264 held first
place, MainConcept was in second place, and two codecs (DivX H.264 and
Elecard) shared third place (their quality results are very close, but DivX
H.264 is 1.2 times faster than Elecard). The top four codecs for this preset are
the following:

1. x264
2. MainConcept
3. DivX H.264 and Elecard

Figure 20.  Average bitrate ratio for a fixed quality = —usage area “HDTV,” all presets, Y -SSIM.

*The encoding speed of this encoder is not in the requirements range owing to our
chosen presets or to a lack of options

**The DivX H.264 High Speed preset for HDTV does not meet the speed
requirements

3.3.3 Overall Conclusions

Overall, the leader in this comparison is x264, followed by MainConcept and
DivX H.264. The Theora encoder demonstrates the worst results among all
codecs tested.
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*The encoding speed of this codec does not fall in the required range owing to our
chosen presets or to a lack of options.

The overall ranking of the codecs tested in this comparison is as follows:

X264
MainConcept
DivX H.264
MediaSDK
Elecard

XviD

Theora

NogasrwbrE

Microsoft Expression Encoder 3 could not be placed in this list because of its
much longer encoding time compared with other encoders (except Theora).

Using the standard Theora interface, we could not find any multithreading
options; Theora works only in single-thread mode.

The leader in this comparison is x264—its quality difference (according to the
SSIM metric) could be explained by the special encoding option ("tune-
SSIM"). Interestingly, using the PSNR metric for MainConcept yielded results
comparable with or better than those of x264. This means that no encoder
can achieve the best results for both SSIM and PSNR when using the same
parameters.

The difference between the MainConcept and DivX H.264 encoders is not
overly significant, so these encoders tied for second in this comparison. The
developers of the Elecard encoder do not provide a High Speed preset, so its
ranking is based solely on the results for the Normal and High Quality
presets.

This rank is based only on the encoders’ quality results (see Figure 21).
Encoding speed is not considered here.
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3.3.4 Codec Conclusions

DivX H.264—quite balanced encoder with not very big number
of parameters, this fact could be comfortable for users. This encoder
is designed as a free sample application for DivX Plus HD compliant
video encoding, and is a feature-constrained, for-purpose application.

Elecard— very fast codec with good encoding quality and very flexible
settings. Many adjustable encoding settings are provided. This
encoder has a very good bitrate handling mechanism (especially for
the “Movies” usage area).

Microsoft Expression Encoder— the low encoding speed could
result from the GUI loading every time a video is encoded.
Unfortunately, we could not automate the encoder to eliminate this
GUI loading.

MediaSDK— balanced encoder with a limited number of parameters
but several use cases (speed/quality presets), making the encoder
very comfortable for users.

MainConcept— one of the best codecs by encoding quality; has many
encoding settings that can be adjusted. This encoder has a very good
bitrate handling mechanism.

Theora—not an H.264 codec. Using our testing methodology
(objective metrics) and test set, this encoder yields lower quality than
do H.264 codecs and even MPEG-4 ASP.

x264—one of the best codecs by encoding quality; has very user-
friendly predefined presets, as well as many adjustable encoding
settings.

XviD—an MPEG-4 ASP codec; its quality could be very close to or
even higher than that of some commercial H.264 standard
implementations, especially for encoding “Movie” sequences, but not
for “HDTV” sequences.

3.3.5 Comments from Developers

3.3.5.1 x264

This comparison had very different restrictions as compared to previous
years. In particular, the speed requirements were much more restrictive,
which seems to have hurt many competing encoders more than it did x264.
In addition to the effects of these rule changes, a variety of improvements on
x264's side likely contributed to its relatively high 14.8% margin of victory as
compared to last year's test.

Macroblock-tree ratecontrol is a new feature (added August 2009) which
provided very significant compression improvements, both when measured
via SSIM and PSNR. This is likely the reason for some of the very large gaps
between x264 and other encoders in certain tests (e.g. Up and Amazon).
Weighted P-frame prediction also slightly improved compression in the higher
quality modes. A new adaptive quantization mode, which was used in the
MSU test, significantly improves SSIM. The many performance improvements
since the last test also helped a great deal considering the more restrictive
speed requirements.

One criticism we have is that a lot of the tests were on very grainy — often
even already-compressed sources, such as Amazon. We think that better
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results would be achieved by sticking to relatively clean, uncompressed
sources. The primary reason for this is that noise tends to reduce the gap
between encoders, making judgments more difficult. Measuring grain
retention is not really possible with SSIM and PSNR to begin with, so using
grainy sources is not very useful.

3.3.5.2 Xvid

Xvid's rate-control is basically targeted towards encoding longer sequences
(at least a couple of minutes), so rate-control inaccuracies could in part be
attributed to short test sequences. In real world scenarios, Xvid's two-pass
rate-control has proven to be very accurate. When comparing MPEG-4 ASP
and H.264 encoders it should be noted that quantizer scales are different:
MPEG-4 ASP can employ quantization parameters ranging from 1 to 31 while
in contrast H.264 spans from 0 to 51 and has a logarithmic scale. Because of
this, a much wider bitrate range can be covered by H.264 than by MPEG-4
ASP encoders. That's shown also by the report’s results: Xvid's rate-control
works quite well at mid-bitrate ranges but then over-/undershoots at the very
low-/high bitrate test points. This is not a rate-control problem in Xvid but
rather caused by the narrower quantizer range of MPEG-4 ASP that does not
permit to cover the same wide bitrate range than H.264.

Test results may indicate that the (pre-)compression format of the input
sequence has major influence on (re-)compression results: As soon as a
video was once lossy compressed, there will be compression artifacts present
even if invisible to the human eye. So when (re-)compressing such material,
those codecs that can best "imitate" the compression artifacts already present
in the input will have an advantage. E.g. for input that was precompressed
with H.264 or VC-1, H.264 encoders have an inherent advantage over
MPEG-4 ASP at "imitating" the artifacts in the input (because of 4x4
transform). Other than for the Movie test case, several of the HDTV test
sequences are H.264/VC-1 precompressed, which could explain the relative
worse performance of Xvid for HDTV compared to the Movie use-case. But in
contrast, Xvid consistently shows very competitive results at both SD and HD
resolutions when the test input is natural video precompressed in MPEG-2
format.
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4 Appendix 1. Subjective Comparison and Psycho-

Visual Enhancements

4.1 Brief Description

In this work, we analyzed video codecs not only with help of objective metrics,
but also wusing subjective comparisons using SAMVIQ (Subjective
Assessment Method for Video Quality evaluation) methodology. This new
method was created by the EBU (European Broadcasting Union).

Another task in this part of comparison was to analyze the psycho-visual
enhancement quality during encoding. We tested five video codecs, and one
codec was tested with two almost identical presets: one without psycho-visual
enhancement and another with psycho-visual enhancement.

Methodology SAMVIQ
Number of experts 42
Number of sequences 5
Number of codecs (presets) 6

4.1.1 SAMVIQ Description

During testing, each expert is able to play any sequence from the test set and
give it a mark, and he is able to play a reference video. Marks are in the
range of 0 to 100. More information about the methodology can be found in
the publication SAMVIQ: A new EBU methodology for video quality
evaluations in in multimedia (Kozamernik, F., Steinmann, V., Sunna, P. and
Wyckens, E., SMPTE journal, 2005 04 April).

4.1.2 Subjective Assessment Description

Forty-two experts participated in this subjective assessment. The experts
represent a variety of individuals: males and females of ages 18 to 40 who
are PC users or video and graphics experts. Each user watched five video
groups, with eight videos in each group. Each video group contains six
encoded videos and one reference video (the viewers were unaware of which
type they were viewing), as well as a reference video specified as such.
Users gave each video a mark of 0 to 100, and the marks for all users and
sequences were averaged. Some extreme results were discarded before
obtaining the final result.

4.2 Video Sequences

Five different video sequences were used in this comparison.

4.2.1 “Battle”
Sequence title Battle
Resolution 1280x544
Number of frames 586
Color space RGB24
Frames per second 25
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Figure 22.

This sequence is a fragment from the beginning of the movie Terminator 2.
The compression of this sequence is the most difficult among all of the
sequences in the analysis. This difficulty is mainly due to three reasons:
continual brightness variation (resulting from explosions and laser flashes as
seen in the picture above), very fast motion and frequent scene changes.
These characteristics often cause codecs to compress frames as I-frames.

4.2.2 “Football”
Sequence title Football
Resolution 1280x720
Number of frames 564
Color space RGB24
Frames per second 25

Figure 23. Football sequence, frame 400

This sequence is a part of sport translation. The sequence has a high contrast
level, strong motion and rich colors.
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4.2.3 “Italy”

Sequence title Italy
Resolution 1280x720
Number of frames 493

Color space RGB24
Frames per second 25

o N

ltaly sequence, frame 368

Figure 24.

This sequence has many scenes with fading transitions between them. This
fading can cause encoding difficulties. The sequence contains many sharp
details.

4.2.4 “Quadbike”

Sequence title Quadbike
Resolution 1280x720
Number of frames 562

Color space RGB24
Frames per second 25

http://compression.ru/video/codec_comparison/h264 2 010 29




Figure 25. Quadbike sequence, frame 191

This sequence has slow motion with an almost static camera and few scene
changes.

4.2.5 “Simpsons

Sequence title Simpsons
Resolution 1280x528
Number of frames 514

Color space RGB24
Frames per second 25

Figure 26. Simpsons sequence, frame 310

This sequence is a part of the Simpsons animated movie; it has high contrast
and different types of motion.

4.3 Video Codecs
Five codecs were used in the comparison:
DivX MPEG-4 ASP
DivX H.264
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Elecard
MainConcept

X264 (two presets: with psycho-visual enhancement and without)

4.4 Results

The following graphs show results for the subjective comparison. Reference
bars indicate the visual quality of the uncompressed original sequence as
estimated by experts. Other bars indicate the quality of the encoded
sequences.

4.4.1 "Battle" Sequence

For the "Battle" sequence, x264 shows the highest quality. x264 with psycho-
visual enhancement shows very similar (almost undistinguishable) results.
The codecs can be rated by visual quality as follows:

X264

X264 with psycho-visual enhancement
MainConcept

DivX H.264

Elecard

DivX ASP

o gk~ wDnd PR

0 - "

Figure 27. Mean opinion score (MOS), "Battle” seque  nce
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4.5 Conclusion

Analysis of all tested sequences yields the following codec rankings:

1. x264

2. X264 with psycho-visual enhancement
3. DivX H.264

4. MainConcept

5. Elecard

6. DivX ASP*

A crucial conclusion that can be drawn from the subjective comparison is that
psycho-visual enhancement yields poorer results on average than does the
unenhanced codec. DivX ASP is a for-purpose encoder specializing in
interoperability with DivX certified devices. It is not an AVC/H.264 encoder.

5 Appendix 2. x264 Comparison Over Time

The quality of an H.264 codec, over several years, can be compared for a
given video sequence. The x264 encoder was chosen for this task because it
is present in almost every MSU VIDEO MPEG-4 AVC/H.264 codec
comparison, and it produces good results compared with other encoders.
Figure 28 through Figure 31 show the position of the x264 codec compared
with other codecs for the “Battle” sequence. For all years except 2005, x264
shows the best results. For years 2006—2009, we have shown results using
Y-SSIM as the quality metric; for 2005, we did not use this as the main metric.
In light of these results, x264 could be a good reference encoder for analyzing
the overall progress of H.264 encoders over time.
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Figure 28. Bitrate/ quality for 2005 —usage area “Movies ,” “Battle” sequence,
High Quality preset, Y-PSNR metric
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Figure 31.  Bitrate/ quality for 2009 —usage area “Movies ,” “Battle” sequence,
High Quality preset, Y-SSIM metric

Figure 32 shows the RD curve for the “Battle” sequence using x264 encoders
from different years. The best encoder is this year's x264; the worst is the
2005 version. Using SSIM, the codecs can be ranked as follows:

1. x264 (2010)
2. x264 (2009)
3. x264 (2007)
4. x264 (2006)
5. x264 (2005)

These results are shown in Figure 33. This figure indicates that the overall
progress is very good, and that the x264 encoder has increased in speed and
quality over recent years. But the old x264 does not use multithreading, so
encoding speed varies considerably.
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Figure 32.  Bitrate/ quality for d ifferent x264 encoder versions —usage area “Movies ,
“Battle” sequence, High Quality preset, Y-SSIM metr  ic

