
MSUCodec
Comparison 2017
Part II: 4K Content, Objective Evaluation
Minory revised on February 25, 2018

Video group head: Dr. Dmitriy Vatolin

Project head: Dr. Dmitriy Kulikov

Measurements & analysis: Dr. Mikhail Erofeev,

Stanislav Dolganov,

Sergey Zvezdakov

Free version

Codecs:

H.265

• Kingsoft HEVC Encoder

• nj265

NonH.265

• nj264

• x264

CSMSUGraphics &Media Lab, Video Group
November 28, 2017

http://www.compression.ru/video/codec_comparison/index_en.html
videocodec-testing@graphics.cs.msu.ru

http://www.compression.ru/video/codec_comparison/index_en.html
videocodec-testing@graphics.cs.msu.ru 


November 28, 2017

Contents

1 Acknowledgments 4

2 Overview 5

2.1 Sequences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.2 Codecs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3 Objectives and Testing Rules 6

4 RD curves 7

5 Encoding Speed 9

6 Speed/Quality Trade-Off 11

7 Bitrate Handling 13

8 RelativeQuality Analysis 15

9 Conclusion 16

A Sequences 18

A.1 “Bay” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

A.2 “Blue Lagoon” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

A.3 “Disneyland” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

A.4 “Driving” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

A.5 “Flight” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

A.6 “Highfields” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

A.7 “Little Girl” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

A.8 “Outdoor Party” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

A.9 “Waterfalls” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

A.10 “WeekendWarrior” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

B Sequences selection 28

C Codecs 32

C.1 x264 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

C.2 nj264 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

C.3 nj265 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

C.4 KS265 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

D Figures Explanation 34

D.1 RDCurves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

D.2 Relative Bitrate/Relative Time Charts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

D.3 Graph Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

MSUVideo Codec Comparison 2017
Part II: 4K Content, Objective Evaluation

2



November 28, 2017

D.4 Bitrates Ratio with the SameQuality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

D.5 Relative Quality Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

E ObjectiveQualityMetrics Description 38

E.1 SSIM (Structural SIMilarity) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

E.1.1 Brief Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

E.1.2 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

F About the Graphics &Media Lab Video Group 42

G List of minary fixes 43

MSUVideo Codec Comparison 2017
Part II: 4K Content, Objective Evaluation

3



November 28, 2017

1 ACKNOWLEDGMENTS

TheGraphics &Media LabVideoGroupwould like to express its gratitude to the following companies for provid-

ing the codecs and settings used in this report:

• Nanjing Yunyan

• Kingsoft

The Video Groupwould also like to thank these companies for their help and technical support during the tests.

MSUVideo Codec Comparison 2017
Part II: 4K Content, Objective Evaluation

4



November 28, 2017

2 OVERVIEW

2.1 Sequences

Sequence Number of frames Frame rate Resolution

1. Bay 432 24 3840×2160

2. Blue Lagoon 986 30 3840×2160

3. Disneyland 317 24 3840×2160

4. Driving 1747 24 4096×2160

5. Flight 1000 25 3840×2160

6. Highfields 1383 25 3840×2160

7. Little Girl 1531 30 4096×2160

8. Outdoor Party 1183 30 3840×2160

9. Waterfalls 994 30 3840×2160

10. WeekendWarrior 849 30 3840×2160

TABLE 1: Summary of video sequences

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 A.

2.2 Codecs

Codec Developer Version

1. Kingsoft HEVC Encoder Kingsoft V2.6.1.3

2. nj264
Nanjing Yunyan
Email: jtwen@tsinghua.edu.cn

V1.0

3. nj265
Nanjing Yunyan
Email: jtwen@tsinghua.edu.cn

V1.0

4. x264 x264Developer Team r2833 df79067

TABLE 2: Short codecs’ descriptions

Brief descriptions of the codecs used in our comparison are given in Table 2. x264 was used as a good quality

AVC reference codec for comparison purposes. Detailed descriptions of all codecs used in our comparison can be

found in Appendix C.
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3 OBJECTIVESANDTESTINGRULES

In this reportwe compare encoding quality of recently emergedHEVCencoders and encoders of other standards

using objective assessment methods. 31 video sequences with 1080p resolution were used to evaluate perfor-

mance of codecs under comparison. To choose these sequences we analyzed 512,000 video sequences and se-

lected representative set (the detailed description of selection process is given in Appendix B).

Our comparison consists of three parts corresponding to various encoders’ use cases: Fast encoding, Univer-

sal encoding, Ripping encoding. For each use case encoder developers had an option to provide encoding param-

eters to be used in our tests. If no parameters were provided, we either used the same parameters as were used

in prior study or, if no prior parameters were available, did our best effort to choose good parameters ourselves.

Nevertheless, the chosen parameters had to satisfy minimum speed requirements of 60 FPS. Computer with the

following configurationwas used to run codecs under comparison: Core i7 6700K (Skylake) @ 4Ghz, RAM8GB,

Windows 8.1. For objective quality measurements we used YUV-SSIM quality metric (see Appendix E.1).
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4 RDCURVES

Next figures showRD curves for ten video sequences. Kingsoft encoder has the bestmean quality score at all the

sequences. Moreover, one can notice that encoding quality strongly depends on video sequence—while the top

SSIM score achieved at Bay sequence at lowest bitrate is 0.94, the top score achieved at Flight sequence at the

highest bitrate is only 0.92.
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FIGURE 2: Bitrate/quality—use case “4K Encoding,”Waterfalls sequence, YUV-SSIMmetric
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5 ENCODING SPEED

Figures below show difference in encoding speed among participating codecs. In these figures (as in previous

section), different codecs take the first place at different sequences. Therefore, we can identify the leader based

only on the mean speed scores. In this nomination, the first place goes to Kingsoft. Nevertheless, Kingsoft is not

the absolute winner: for example, x264 is 6% faster than Kingsoft at High Fields and 2% faster at Outdoor Party

sequences.
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FIGURE 3: Encoding speed—use case “4K Encoding,” Blue Lagoon sequence
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6 SPEED/QUALITY TRADE-OFF

Detailed descriptions of the speed/quality trade-off graphs can be found in AppendixD. Sometimes, codec

results are not present in the particular graph owing to the codec’s extremely poor performance (i.e. the

codec’s RD curve has no intersection with the reference’s RD curve).

The speed/quality trade-off graphs show both relative quality and speed scores of encoders under com-

parison. Since x264was chosen as reference codec in our comparison,wenormalized all scores using x264

scores.

There is only one Pareto optimal encoder in terms of mean speed and quality scores for all the sequences —

Kingsoft HEVC encoder. “Pareto optimal” encodermeans there is no encoder faster and better than it in this test

(at average for all the sequences). For two sequences: High Fields and Outdoor party x264 encoder is among

Pareto optimal encoders (with Kingsoft encoder).
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7 BITRATEHANDLING

The plots below show how accurately encoded stream’s real bitrate matches bitrate requested by a user. Almost

all encoders handle bitrate well, but there are issues for some encoders at some sequences, e.g. Kingsoft shows

not ideal bitrate handling atmany sequences: slightly undershoots target bitrates especially at lowbitrates (Little

girl andBay sequences); x264has great difficulties at highbitrates in theDisneyland sequence (strongovershoot-

ing).
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8 RELATIVEQUALITYANALYSIS

nj264 nj265 Kingsoft HEVC Encoder x264
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TABLE 3: Average bitrate ratio for a fixed quality—use case “4K Encoding,” YUV-SSIMmetric
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9 CONCLUSION

According to quality scores, the codecs can be ordered in the following way:

• Kingsoft HEVC encoder is in the first place

• nj265 is in the second place

• nj264 is in the third place.

Tested encoders have high quality value variance (55-100%) at tested 4K sequences. Below we show the plot

illustrating speed/quality relation of all presets used in our comparison. x264with “veryslow” preset was chosen

as the reference point. Each line on the plot corresponds to encoder and each point on the line corresponds to

preset. Along x-axis we put mean speed of encoder’s preset on our test dataset. Position along y-axis is deter-

mined by preset’s bitrate relative to reference (i.e. how much or less bits encoder needs to gain same quality as

reference). Detailed description of relative bitrate computation can be found in Appendix D.4.
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A SEQUENCES

A.1 “Bay”

Sequence title Bay

Resolution 3840×2160

Number of frames 432

Color space YV12

Frames per second 24

Source https://vimeo.com/169763926#t=0

Bitrate 90.891Mbps

The video contains general view of the foggy bay. The cameramoves slowly.

FIGURE 13: Bay sequence, frame 24
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A.2 “Blue Lagoon”

Sequence title Blue Lagoon

Resolution 3840×2160

Number of frames 986

Color space YV12

Frames per second 30

Source https://vimeo.com/189872577#t=300

Bitrate 61.8Mbps

Footage of a young couple in an open pondwith hot water. There is a time lapse at the end of the video.

FIGURE 14: Blue Lagoon sequence, frame 30
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A.3 “Disneyland”

Sequence title Disneyland

Resolution 3840×2160

Number of frames 317

Color space YV12

Frames per second 24

Source https://vimeo.com/152119430#t=0

Bitrate 430.225Mbps

Time lapse of Disneyland castle located in a park with people. Camera slowly zooms in.

FIGURE 15: Disneyland sequence, frame 24
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A.4 “Driving”

Sequence title Driving

Resolution 4096×2160

Number of frames 1747

Color space YV12

Frames per second 24

The camera is set on the car rapidly moving onMulholland Drive in the evening.

FIGURE 16: Driving sequence, frame 24
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A.5 “Flight”

Sequence title Flight

Resolution 3840×2160

Number of frames 1000

Color space YV12

Frames per second 25

Bitrate 50.2Mbps

A quadrocopter shooting views of the forest and some houses on the hill.

FIGURE 17: Flight sequence, frame 25
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A.6 “Highfields”

Sequence title Highfields

Resolution 3840×2160

Number of frames 1383

Color space YV12

Frames per second 25

Source https://vimeo.com/202040059#t=40

Bitrate 99.168Mbps

Footage about a cottage village with a demonstration of leisure activities and outdoor views. The video con-

tains subtitles.

FIGURE 18: Highfields sequence, frame 25
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A.7 “Little Girl”

Sequence title Little Girl

Resolution 4096×2160

Number of frames 1531

Color space YV12

Frames per second 30

A little girl is playing with toy blocks. The camera slowlymoves to the left.

FIGURE 19: Little Girl sequence, frame 30
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A.8 “Outdoor Party”

Sequence title Outdoor Party

Resolution 3840×2160

Number of frames 1183

Color space YV12

Frames per second 30

Bitrate 385.669Mbps

Children relax on a grass in a park. Camera shakes a bit.

FIGURE 20: Outdoor Party sequence, frame 30
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A.9 “Waterfalls”

Sequence title Waterfalls

Resolution 3840×2160

Number of frames 994

Color space YV12

Frames per second 30

Source https://vimeo.com/189872577#t=165

Bitrate 61.8Mbps

Thewaterfall is shot by static andmoving cameras. A lot of moving water and fumes.

FIGURE 21:Waterfalls sequence, frame 30
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A.10 “WeekendWarrior”

Sequence title WeekendWarrior

Resolution 3840×2160

Number of frames 849

Color space YV12

Frames per second 30

Source https://vimeo.com/149249671#t=70

Bitrate 120Mbps

At thebeginningof thevideo, aman is shot fromamovingmotorcycle. Thenheclimbson theoldbrickbuilding.

FIGURE 22:WeekendWarrior sequence, frame 30
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B SEQUENCES SELECTION

In “MSU Video Codecs Comparison 2016” we introduced a new technique for test dataset sequences’ selection.

This techniquewas designed to create dataset containing representative set of sequences that encoders are fac-

ing in everyday life. In this report we use the samemethodology for video sequences selection, but we have dra-

matically updated video database fromwhich we sample videos for encoders’ comparison.

We analyzed over 512,000 videos hosted at Vimeo looking for 4K and FullHD videos with high bitrates (50

Mbps was selected as a lower bitrate boundary). This enabled us to find and download, 662 new 4K videos and

1993 new FullHD videos. The bitrate distributions for previous year dataset and updated dataset are shown in

Figure 23.
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FIGURE 23: Bitrate distributions for videos dataset

For 4K Appendix we use only 4K videos from downloaded collection. All videos were cut at scene change

points to samples, with 1000 frames approximate length. We also used 2900 samples from “MSU Video Codecs

Comparison 2016”. Thus, our 4K samples database for this year consisted of 4638 items.

To evaluate spatial and temporal complexity we encoded all samples using x264 encoder with constant quan-

tization parameter (QP). For all samples temporal and spatial complexitywere calculated. Wedefine spatial com-

plexity as average size of I-frame normalized by sample’s uncompressed frame size. Temporal complexity is de-

fined as average size of P-frame divided by average size of I-frame.1 Distribution of obtained samples compared

to samples from previous codec comparison is shown in Figure 24.

1C. Chen et. al., “A Subjective Study for the Design ofMulti-resolution ABRVideo Streamswith the VP9 Codec,” 2016.
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FIGURE 24: Distribution of obtained samples

Figure24 reveals thatnewsampleshave similar distribution to samples from“MSUVideoCodecsComparison

2016”. In order to prepare dataset we used the following process.

We divided the video database into 10 clusters with K-Means. To avoid complete update of sequences list,

sequences from last year’s 4K datasetwere given 35 times higherweight compared to other sequences. For each

clusterweselected thevideosequenceclosest to its center thathasa licenseenablingderivativesandcommercial

usage. The clusters’ boundaries and chosen sequences are shown at Figure 25.
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FIGURE 25: Segmentation of the samples
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At Figure 26 we show correspondence of sequences from prior dataset to newly selected clusters. As can be

seen from the figure, there are some clusters not covered by videos from old dataset.
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FIGURE 26: Segmentation of the samples compared to old dataset

Some of automatically chosen samples contain company names or have another copyright issues, so we re-

placed that sampleswith other samples in that clusters with suitable license. Figure 27 illustrates applied adjust-

ments.
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FIGURE 27: Adjustments to test dataset
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Figure 28 shows final distribution of sequences in the dataset used in this report.

Spatial complexity

Te
m

po
ra

l c
om

pl
ex

ity

Other videos Automatically selected videos Manually adjusted sequences

0 0.02 0.04 0.06 0.08 0.1 0.12
0

0.25

0.5

0.75

1

1.25

1.5

FIGURE 28: Distribution of sequences in final dataset

New dataset consists of 10 video sequences: 4 videos from old dataset, and 6 new videos from Vimeo. 6 se-

quences from old dataset were excluded. Median bitrate of all sequences in the final dataset is 109.584 Mbps.

The complete list of sequences from new dataset can be found in Appendix A.

MSUVideo Codec Comparison 2017
Part II: 4K Content, Objective Evaluation

31



November 28, 2017

C CODECS

C.1 x264

Encoder title x264

Version r2833 df79067

Developed by x264Developer Team

Preset name Encoder parameters

Reference x264 --tune ssim --preset veryslow --bitrate %BITRATE_KBPS%
%SOURCE_FILE% -o %TARGET_FILE% --input-res %WIDTH%x%HEIGHT% --fps
%FPS%

4K x264 --preset fast --keyint infinite --tune ssim --bitrate
%BITRATE_KBPS% %SOURCE_FILE% --input-res %WIDTH%x%HEIGHT% --fps
%FPS% -o %TARGET_FILE%

C.2 nj264

Encoder title nj264

Version V1.0

Developed by Nanjing Yunyan

The encoder is recipient of the Frost & Sullivan 2016Global Enabling Technology Leadership of the Year Award

for AVCVideo Encoding.

Preset name Encoder parameters

4K nj264.exe -s %WIDTH%x%HEIGHT% -framerate %FPS% -i %SOURCE_FILE%
-c:v libnj264 -nj264-params bitrate=%BITRATE_KBPS% -f h264 -y
%TARGET_FILE%
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C.3 nj265

Encoder title nj265

Version V1.0

Developed by Nanjing Yunyan

Preset name Encoder parameters

4K nj265.exe -s %WIDTH%x%HEIGHT% -framerate %FPS% -i %SOURCE_FILE%
-c:v libnj265 -nj265-params bitrate=%BITRATE_KBPS% -f hevc -y
%TARGET_FILE%

C.4 KS265

Encoder title Kingsoft Encoder

Version V2.6.1.3

Developed by Kingsoft

Preset name Encoder parameters

4K AppEncoder_x64.exe -i %SOURCE_FILE% -wdt %WIDTH% -hgt %HEIGHT%
-fr %FPS% -br %BITRATE_KBPS% -b %TARGET_FILE% -preset slow -rc 1
-me 1 -rdoq 0
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D FIGURES EXPLANATION

The main charts in this comparison are classical RD curves (quality/bitrate graphs) and relative bitrate/relative

time charts. Additionally, bitrate handling charts (ratio of real and target bitrates) and per-frame quality charts

were also used.

D.1 RDCurves

These charts show variation in codec quality by bitrate or file size. For this metric, a higher curve presumably

indicates better quality.

D.2 Relative Bitrate/Relative Time Charts

Relative bitrate/relative time charts show the dependence on relative encoding time of the average bitrate for

a fixed quality output. The Y-axis shows the ratio of the bitrate of the codec under test to that of the reference

codec for a fixed quality. A lower value (that is, the higher the value is on the graph) indicates a better-performing

codec. For example, a value of 0.7 means that codec under test can encode the sequence under test in a file that

is 30% smaller than that encoded by the reference codec.

The X-axis shows the relative encoding time for the codec under test. Larger values indicate a slower codec.

Forexample, a valueof2.5means that thecodecunder testworks2.5 times slower, onaverage, than the reference

codec.

D.3 Graph Example

Figure 29 shows a case where these graphs can be useful. In the top left graph, it is apparent that the “Green”

codec encodes with significantly better quality than the “Black” codec. On the other hand, the top right graph

shows that the “Green” codec is slightly slower. Relative bitrate/relative time graphs can be useful in precisely

these situations: it is clearly visible in the bottom graph that one of the codecs is slower, but yields higher visual

quality, and that the other codec is faster, but yields lower visual quality.

As a result of these advantages, relative bitrate/relative time graphs are used frequently in this report since

they assist in the evaluation of the codecs in the test set, especially when number of codecs is large.

Amore detailed description of the preparation of these graphs is given below.

D.4 Bitrates Ratiowith the SameQuality

Thefirst step in computing theaveragebitrate ratio for afixedquality is inversionof theaxesof thebitrate/quality

graph (see Figure 30b). All further computations are performed using the inverted graph.

The second step involves averaging the interval over which the quality axis is chosen. Averaging is performed

only over those segments for which there are results for both codecs. This limitation is due to the difficulty of

developing extrapolationmethods for classic RD curves; nevertheless, for interpolation of RD curves, even linear

methods are acceptable.

The final step is calculation of the area under the curves in the chosen interpolation segment and determina-

tion of their ratio (see Figure 30c). This result is an average bitrate ratio for a fixed quality for the two codecs. If
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First codec
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FIGURE 30: Average bitrate ratio computation

more than two codecs are considered, then one of them is defined as a reference codec and the quality of others

is compared to that of the reference.

D.5 RelativeQuality Analysis

Whilemostfigures in this reportprovidecodec scores relative to referenceencoder (i.e. x264) the “RelativeQual-

ity Analysis” sections show bitrate ratio with fixed quality (see Section D.4) score for each codec pair. This might

be useful if one is interested in comparison of codec A relative to codec B only.

Belowwe show simplified example of “Average bitrate ratio for a fixed quality” table for two codecs only:
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A B

A 100%t 75%e

B 134%e 100%t

a k t

0% 50% 100%

Confidence

TABLE 5: Example of average bitrate ratio for a fixed quality table

Let’s consider column “B” row “A” of the table containing value 75% this should be read in the following way:

average bitrate for a fixed quality of codecB is 75% less relative to codecA. The icon in the cell depicts confidence

of this estimate. If projections of codecs’ RD curves on quality axis (see Figure 30) have relatively large common

area you will see happy icon. If size of this intersection is small and thus bitrate score can’t be computed reliably

the sad iconwill be shown.

“Average bitrate ratio for a fixed quality” plots are visualizations of these tables. Each line in such plot depicts

values from one column of corresponding table.
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E OBJECTIVEQUALITYMETRICSDESCRIPTION

E.1 SSIM (Structural SIMilarity)

YUV-SSIM objective quality metric was used in this report to assess quality of encoded video sequences. We

compute YUV-SSIM asweighed average of SSIM values computed for each channel individualy (Y-SSIM, U-SSIM,

V-SSIM):

YUV-SSIM =
4Y-SSIM+U-SSIM+V-SSIM

6
. (1)

Brief description of SSIMmetric computation is given below.

E.1.1 Brief Description

TheoriginalpaperontheSSIMmetricwaspublishedbyWang, etal.2 Thepapercanbefoundathttp://ieeexplore.
ieee.org/iel5/83/28667/01284395.pdf. The SSIM author homepage is found at http://www.cns.nyu.edu/
~lcv/ssim/

The scheme of SSIM calculation can be presented as follows. Themain idea that underlies the structural sim-

ilarity (SSIM) index is comparison of the distortion of three image components:

• Luminance

• Contrast

• Structure

The final formula, after combining these comparisons, is the following:

SSIM(x, y) =
(2µxµy + C1)(2σxy + C2)

(µx + µy + C1)(σx + σy + C2)
, (2)

where

µx =

N∑
i=1

ωixi, (3)

σx =

√√√√ N∑
i=1

ωi(xi − µx), (4)

σxy =

N∑
i=1

ωi(xi − µx)(yi − µy). (5)

Finally, C1 = (K1L)
2 and C2 = (K2L)

2, where L is the dynamic range of the pixel values (e.g. 255 for 8-bit

grayscale images), andK1,K2 ≪ 1.

The valuesK1 = 0.01 andK2 = 0.03were used for the comparison presented in this report, and the matrix

filled with a value “1” in each position to form a filter for the result map.

For the implementation used in this comparison, one SSIM value corresponds to two sequences. The value is

in the range [−1, 1], with higher values beingmore desirable (a value of 1 corresponds to identical frames). One of

2ZhouWang, Alan Conrad Bovik, Hamid Rahim Sheikh and Eero P. Simoncelli, “Image Quality Assessment: From Error Visibility to Struc-
tural Similarity,” IEEE Transactions on Image Processing, Vol. 13, No. 4, April 2004.
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the advantages of the SSIMmetric is that it better represents human visual perception than does PSNR. SSIM is

more complex, however, and takesmore time to calculate.

E.1.2 Examples

Figure31shows theexampleof anSSIMresult for anoriginal andprocessed (compressedwith lossy compression)

image. The resulting value of 0.9 demonstrates that the two images are very similar.

(a) Original (b) Compressed (c) SSIM

FIGURE 31: SSIM example for compressed image

Figure 32 depicts various distortions applied to original image and Figure 33 shows SSIM values for these

distortions.
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(a) Original image (b) Imagewith added noise

(c) Blurred image (d) Sharpen image

FIGURE 32: Examples of processed images

MSUVideo Codec Comparison 2017
Part II: 4K Content, Objective Evaluation

40



November 28, 2017

(a) SSIMmap for original image,
SSIM = 1

(b) SSIMmap for noisy image,
SSIM = 0.552119

(c) SSIMmap for blurred image,
SSIM = 0.9225

(d) SSIMmap for sharpen image,
SSIM = 0.958917

FIGURE 33: SSIM values for original and processed images
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F ABOUT THEGRAPHICS&MEDIA LABVIDEOGROUP

The Graphics & Media Lab Video Group is part of the Computer Science De-

partment ofMoscow State University. TheGraphics Group began at the end of

1980’s, and theGraphics &Media Labwas officially founded in 1998. Themain

research avenues of the lab include areas of computer graphics, computer vi-

sion and media processing (audio, image and video). A number of patents have

been acquired based on the lab’s research, and other results have been pre-

sented in various publications.

Themain research avenues of the Graphics &Media Lab VideoGroup are video processing (pre- and post-, as

well as video analysis filters) and video compression (codec testing and tuning, qualitymetric research and codec

development).

Themain achievements of the Video Group in the area of video processing include:

• High-quality industrial filters for formatconversion, includinghigh-qualitydeinterlacing, high-quality frame

rate conversion, new, fast practical super resolution and other processing tools.

• Methods for modern television sets, such as a large family of up-sampling methods, smart brightness and

contrast control, smart sharpening andmore.

• Artifact removalmethods, includinga familyofdenoisingmethods, flicking removal, video stabilizationwith

frame edge restoration, and scratch, spot and drop-out removal.

• Application-specificmethods such as subtitle removal, construction of panorama images from video, video

to high-quality photo conversion, videowatermarking, video segmentation and practical fast video deblur.

Themain achievements of the Video Group in the area of video compression include:

• Well-knownpublic comparisons of JPEG, JPEG-2000andMPEG-2decoders, aswell asMPEG-4andannual

H.264 codec testing; codec testing for weak and strong points, along with bug reports and codec tuning

recommendations.

• Videoqualitymetric research; theMSUVideoQualityMeasurement Tool andMSUPerceptual VideoQual-

ity Tool are publicly available.

• Internal researchandcontracts formodernvideocompressionandpublicationofMSULosslessVideoCodec

andMSU Screen Capture Video Codec; these codecs have one of the highest available compression ratios.

The Video Group has also worked for many years with companies like Intel, Samsung and RealNetworks.

In addition, the Video Group is continually seeking collaboration with other companies in the areas of video

processing and video compression.

E-mail: video@graphics.cs.msu.ru
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G LISTOFMINARY FIXES

We are sorry for mistakes and formatting defects in the release version of our report. This year we used new

version of report generation system, that caused some inaccuracies passedwhilemanual report checking. In this

report version the followingmistakes were corrected:

1. x265 codec version was unified and corrected in all mentions and report parts. Before this changes, some

of the x265 mentions included an old (1.9+169-e5b5bdc3c154) version. This happened due to cut&paste

from previous 2016 report and some mentions was passed while changing to a correct version (2.3+23-

97435a0870befe35)

2. The name uAVS2was corrected on the title page of Part 1

3. In Part 3, overlapping of x264 description was fixed (in an appendix with codecs)

4. In Part 4, text overlapping in Section 2 (with codecs descriptions) was corrected

5. List of video sequences and their descriptions were completed in Part 4

6. All screenshots from all sequences were converted to JPEG due tomake the PDF file size smaller
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• Fastest implementation of VMAF 
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