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Abstract This paper reports a comparison between two recent video codecs, namely the
HEVC and the VP9, using High Definition Video Sequences encoded with different bit
rates. A subjective test for the evaluation of the provided Quality of Experience is reported.
The video sequences were shown to a panel of subjects on a High Definition LED dis-
play and the subjective tests were performed using a Single Stimulus Methodology. The
results shown that the HEVC encoder provides a better visual quality on low bit rates than
the VP9. Similar performance was obtained for visually lossless conditions, although the
HEVC requires lower bit rates to reach that level. Moreover, the correlation of the subjec-
tive evaluation and three tested objective metrics (PSNR, SSIM, and FSIM) revealed a good
representation of the subjective results, particularly the SSIM and the FSIM metrics.
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1 Introduction

In recent years the number of multimedia information consumers did not stop to grow,
requiring new video encoding technology and demanding improved services. When con-
sidering visual applications, the common term Quality of Service (QoS) is not enough to
provide a proper description of the performance of a system. In contrast, the Quality of
Experience (QoE) evaluation involves the subjective factors of the end user. For this rea-
son, the QoE is more appropriate for the performance evaluation of real systems. The
authors in [3] identified general descriptive characteristics of experienced quality for mul-
timedia systems, and was concluded that the combination of quality components requires
the execution of subjective quality ratings of potential users. The subjective evaluation of
audio and visual quality is considered the most accurate method that considers the human
perception [13]. Particularly, the visual 2D subjective quality evaluation, according to stan-
dardized methods, has been widely studied in recent years. Therefore, the International
Telecommunication Union (ITU) has issued several recommendations on the methodol-
ogy for subjective quality evaluation, including the ITU-R BT.500 [12] and the ITU-R
BT.2022 [13]. The last one reports similar methods to [12], but take into account the subjec-
tive quality evaluation of emerging multimedia data, such as Higher Definition TV formats,
High Dynamic Range (HDR), or 3DTV.

One of the main factors that influence the video quality is the encoding method and
therefore the QoE perceived by the consumers. Particularly, on video streaming, the encod-
ing method has a strong influence on the required transmission speed, or in the amount
of required storage. Therefore, the current network distribution or storing models require a
balance between the bit rate and quality. Most of the used video encoding methods were
established by the Moving Picture Experts Group (MPEG) [22] that defined the High Effi-
ciency Video Coding (HEVC) standard [26]. However, Google decided to stop using the
MPEG ISO standards in their video applications and has created a new free access codec.
The latest version of this encoder family is the VP9 [29] that is a successor of the VP8 [30].
The VP9 was created to improve the compression rate of the VP8, especially for HD
content [1], and to compete with the existing ISO standards.

Currently, little literature can be found considering subjective or objective quality eval-
uation of the HEVC and the VP9, since both encoders are still recent. The authors in [21]
present an objective evaluation of the HEVC encoding and compare it with its predecessors.
In [5, 31] and [7] the authors present results on a subjective quality of the HEVC encoder. In
these works the HEVC is compared with its predecessor H.264/MPEG-4 Advanced Video
Coding (AVC). Comparisons between the HEVC and the VP9 encoders using objective
evaluation was presented in [6], using the Peak Signal-to-Noise Ratio (PSNR). Moreover,
a subjective evaluation was presented on the recent works [23] using a Ultra High Def-
inition (UHD) television broadcast scenario. The authors computed the Mean Opinion
Scores (MOS) using a Double Stimulus Impairment Scale (DSIS) method to compare the
quality of the different encoding schemes. These works will be detail in the related work
section.

This paper reports a subjective and objective quality evaluation, comparing the HEVC
and the VP9 encoders using a set of HD videos, that allows to verify what is the standard
that provides the best relation between bit rate and subjective quality trade off. For the
subjective quality evaluation the Absolute Category Rating with Hidden Reference (ACR-
HR) standard test methodology [16] was chosen. This methodology was selected because it
approximates to the real viewing conditions of multimedia systems consumers, that do not
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have any reference. Moreover, the objective quality evaluation was compared with existing
results in the literature. Furthermore, the correlation between the results of the subjective
quality evaluation and the results of three objective metrics is also presented.

2 Related work

The number of publications analyzing the performance of the HEVC and VP9 is still
limited, since both encoders are still recent.

The coding efficiency that can be achieved by using the HEVC codec, and its major
predecessors was analyzed by Ohm et al. [21]. This analysis includes the H.262/MPEG-
2 Video [8, 10, 19], the H.263 [14], the MPEG-4 Visual [11], and the H.264/MPEG-4
AVC [15, 27, 32]. The profiles that provide the best coding efficiency were chosen.
All videos were encoded using the same Lagrangian-based optimization technique that
was applied for mode decision, motion estimation, and quantization. The authors used
a Bjntegaard-Delta Bit Rate (BD-BR) measurement method as evaluation criterion. The
results indicate that the emerging HEVC standard clearly outperforms its predecessors in
terms of coding efficiency. The bit rate savings for the low bit rate range are generally
somewhat higher than the average savings. The DSIS was used for the subjective quality
evaluation. Results of the subjective tests were provided for the HEVC and the AVC com-
parison. These results indicated that about 50 % of bit rate reduction could be achieved for
the test set of video sequences. The subjective benefit for the HEVC seems to exceed the
benefit measured using the PSNR.

Hanbhart et al. [7] provide subjective quality evaluation comparing the performance of
the HEVC (HM 6.1.1) and the H.264/MPEG-4 AVC (JM 18.3) on 4K/QFHD video con-
tent. The Random Access configuration was selected. The configuration parameters for
the AVC and the HEVC were selected such that similarity was ensured between the two
codecs. The evaluation was performed on natural and synthetic contents with different
spatio-temporal characteristics. The DSIS method, Variant II, with a continuous impairment
scale was chosen to perform the subjective quality evaluation experiments. The results show
that, especially for lower bit rates, the performance of the HEVC exhibits a substantial qual-
ity improvement compared to the AVC. In most cases, a significant difference is observed
between the HEVC and the AVC for a similar bit rate. It was also noticed that the BD-PSNR
under estimates the actual bit rate reduction.

Garcia et al. [S] present a subjective comparison between the H.264/MPEG-4 AVC
(JM18.3) and the HEVC (HM 6.0) encoding standards in accordance with the DSIS for
mobile video services. Test environments are based on the higher resolution (640 x 360
pixels) of smart phone LCD and expected cellular bit rates, such as 200 kbps, considered a
constrained transmission bandwidth, and 400 kbps, considered a good transmission rate for
mobile resolution encoded sequences. The AVC encoder was configured to closely emu-
late the HEVC coding based on the HM-like configurations available in JM 18.3, to reduce
configuration variability between the two video encoding protocols. Subjective feedback
shows that both the encoding methods are adequate at 400 kbps constant bit rate. A con-
sumer experience gap was observed for 200 kbps constant bit rate. Significantly less, the
AVC subjective quality is noticed with video sequences that have multiple objects moving
and no single point of visual attraction. The video sequences with single points of visual
attraction or a few moving objects tended to have the AVC encoded video on par with the
HEVC encoded video.
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Weerakkody et al. [31] present results and analysis of the HEVC standard (HM-12.1)
compared with its predecessor the H.264/MPEG-4 AVC (JM-18.5), with the focus on UHD
video content. A comparison and analysis of the PSNR and the subjective quality evaluation
results were presented. The sequences were compressed using Random Access profile. The
HEVC used the Main profile while AVC used the High profile. Both software encoders were
configured to use similar referencing structures and similar rate-distortion optimization. The
Degradation Category Rating (DCR) method was used for this test under the scheme quality
evaluation. Results shown that the HEVC could provide the same visual quality as AVC
for UHD content at well below half the bit rate of the latter, surpassing the performance
expected at the launch of the HEVC standard development process. In all tested points, the
bit rate savings for equal MOS was higher than the bit rate savings for equal PSNR.

Grois et al. [6] presents a performance comparison of the H.264/MPEG-4 AVC (x264
encoder) and the HEVC (HM 10.0) as well as the video coding scheme VP9. Results were
obtained for a whole test set of video sequences by using similar encoding configurations for
all three examined representative encoders. The HEVC encoder provides significant gains
in terms of coding efficiency compared to both VP9 and x264 encoders. It is also observed
that the bit rate savings, on average, are increasing along with an increase of quantization
parameters for both VP9 and x264 encoders.

Rerabek et al. [23] present the performance analysis and mutual comparison of video
coding standard HEVC (HM 15.0) with the video coding scheme VP9 (version 1.2.0), using
a UHD television broadcast scenario. Authors included the H.264/MPEG-4 AVC (JM 18.6)
into the evaluation to serve as a comparison baseline. The Random Access configuration
was selected for both JM and HM reference encoders. Four different UHD contents with
various spatio-temporal characteristics have been encoded at five bit rates for each codec,
and the subjective quality scores related to content, codec and quality have been collected.
The subjective evaluation uses the DSIS method, Variant II, with a continuous impairment
scale. The results indicate a dominance of the HEVC based encoding algorithm in compar-
ison to other alternatives. The subjective scores shown a higher average bit rate reduction
than the one obtained with the PSNR. In addition, the VP9 shown competitive results for
synthetic content and bit rates that correspond to operating points for transparent or close to
transparent quality video.

3 Subjective quality evaluation
3.1 Laboratory

The laboratory used for subjective quality assessment is in the Optics Center at Universi-
dade da Beira Interior (UBI), which is compliant with the ITU recommendation [12]. The
experiment was prepared following the ITU recommendation [13]. In every session, groups
of three subjects simultaneously visualized the displayed videos. They were seated in one
row perpendicular to the monitor at a distance equal to 187 cm, which is 3.2 times the
image height (58.53 cm). The videos used in this study were displayed on a 47 LG TV color
display, model 47LA860V, and were visualized inside a dark room with dim illumination.

3.2 Selected codecs

In this work, the HEVC [26] and the VP9 [29] codecs were considered. The HEVC is
the standard video encoder that succeeds the MPEG-4/H.264, that appeared in 2003. The
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MPEG-4/H.264 was regarded as the best codec for video compression since its introduc-
tion on the market. In order to further improve the performance of H.264, mostly for higher
resolutions videos, the HEVC standard was developed. This encoder presents higher com-
pression rates, mostly for HD and UHD video. According to its creators this video encoder
aims to increase video quality and double the rate compared to H.264 compression. It
already supports high resolutions up to 8192 x 4320 pixels which is approximately 4 times
larger than the current HDTV with 1920 x 1080 pixels. In the test case for intra-only cod-
ing, each picture in a video sequence shall be encoded as an Instantaneous Decoder Refresh
(IDR) picture, and no temporal reference pictures shall be used. For the low-delay coding
only the first picture in a video sequence shall be encoded as an IDR picture, and the other
successive pictures shall be encoded as Generalized P or B-pictures (GPB). For the random-
access coding, a hierarchical B structure shall be used for encoding, since it is the one with
best rate/quality performance. The first intra picture of a video sequence shall be encoded
as an IDR picture and the other intra pictures shall be encoded as non-IDR intra pictures.
The pictures located between successive intra pictures in display order shall be encoded as
B-pictures.

Considered to be the main opponent of the HEVC encoder, the VP9 is an open source
video encoder developed by Google, with the main purpose of reducing the final video bit
rate. Hence, lower bandwidth consumption will result, a faster loading of the video will be
provided, and also less disk space will be required for storing. The VP9 defines the profile 0
and profile 1. The first supports 4:2:0, while the profile 1, which is optimized for hardware,
supports 4:4:4. The VP9 only uses progressive encoding, and divides each picture in a video
sequence into blocks of size 64 x 64 pixels, which are called superblocks. These superblocks
are processed from left to right and top to bottom, as most video encoders do, and can
be also subdivided into sub-blocks of size 4 x 4 pixels. This subdivision is done through
recursive subdivision, as in the HEVC encoder. However, unlike the HEVC, a subdivision
can be done horizontally or vertically.

3.3 Video sequences dataset

The dataset of the testing video sequences was created from three original video sequences
after encoded with the HEVC and VP9. These original videos sequences, with a representa-
tive frame presented in Fig. 1, were obtained from a repository provided by JCT-VC [20]. In
Table 1 are described the identification, resolution and frame rates of these original videos
sequences.

In terms of video characteristics, it is important to note that the BasketballDrive sequence
presents a fast motion (camera and objects) but the scenario is constrained. Considering the
BQTerrace sequence, it presents a medium motion (objects and camera) but the scenario is
wide and varies. Finally, the Kimono sequence is a slower motion sequence, which does not

(a) BasketballDrive (b) BQTerrace (¢) Kimono

Fig. 1 Representative frames of each original video sequences
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Table 1 Description of each original video sequences

Video Sequence Resolution Frame rate
BasketballDrive 1920 x 1080 50 fps
BQTerrace 1920 x 1080 60 fps
Kimono 1920 x 1080 24 fps

present many details and is moderately constrained. All of these selected video sequences
use the YUV 4:2:0 format.

3.3.1 General codecs configuration

To generate the encoded videos one configuration is applied to each of the used codecs.

For the HEVC codec, it was used the most popular software encoder, the HEVC Test
Model (HM),! with the 13.0? version. The profile random-access was used for video
encoding since it is the one with best rate/quality performance. The values used for parame-
terization were the ones proposed on the configuration file by the Joint Collaborative Team
on Video Coding (JCT-VC) [20], and the details can be found in Table 4 presented in
Appendix.

For the VP9 codec, it was used the version v1.3.0.3 The parameters used for this codec
were the recommended by [6]. Authors in [6] tested three different configurations, the
two-pass best quality settings recommended by the leading VP9 senior developers [2] (con-
figuration 1 and configuration 2), and the most recommended VP8 two pass best quality
settings [30] (configuration 3). However, they conclude that all three configurations lead
substantially the same performance results. Table 5 in Appendix present this study selected
settings for the VP9 encoder that correspond to configuration 1 in [6].

The Quantization Parameter (QP) and the Intra Period Parameter (IPP) were changed in
the different tests. Particularly, for the VP9 codec, the parameters max-g and min-g were
used for the QP, while the kf-min-dist and kf-max-dist were used for the IPP. The parameter
w defines the width of the video, while the / defines the height. More details about the
restart parameters can be found on the encoder parameter guide [30].

3.3.2 Quantization and intra period configuration

The sequences were encoded and decoded with the general parameterizations presented
above, and with QP values of 22, 27, 32 and 37, and IPP values of 24, 32, 56 and 64. All
encoded/decoded sequences were analyzed. From this analysis was verified that the values
of QP equal 22 and the IPP equal 64 would not be necessary. A QP equal to 22 results in
sequences indistinguishable from the originals. The sequences with IPP of 64 and 56 were
very similar, thus only the value 56 was used in the experiment. It was also observed that
the VPO result in higher bit rates for these QP than the ones obtained with the HEVC. Thus,
a QP equal to 46 was also used for this codec.

Thttps://heve.hhi.fraunhofer.de/svn/svn_.HEVCSoftware.
Zhttps://heve.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM- 13.0.
3http://www.webmproject.org/vp9.
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Hence, in the experiment, QP values of 27, 32, 37 were chosen for the HEVC codec,
and the QP values of 32, 37, 46 were chosen for the VP9. The IPP values of 24, 32, and 56
were used for both codecs. Therefore, a total of 54 videos sequences were obtained, plus a
sample of each original video, resulting in a dataset with 57 video sequences.

3.4 Panel of subjects

The panel of subjects was composed by 30 volunteers, 22 male and 8 female, within the
range of 18-34 years old and an average age of 22.5 £ 3.2 years old. The subjects were
organized in groups of three for visualization proposes.

All of them were naive as to the aim of the experiment and all had normal color
vision. Informed consent was obtained from all participants and the research was conducted
according to the Declaration of Helsinki [33].

3.5 Test methodology

The Absolute Category Rating with Hidden Reference (ACR-HR) standard test method-
ology [16] was chosen for the experiment. In this methodology a sequence of videos is
presented to the subjects, one at each time. The sequences are evaluated independently with
a classification scale. This methodology was chosen because it approximates real viewing
conditions as consumers of a multimedia system do not have any reference.

Prior to the beginning of the test, an experimental protocol was shown to the subjects.
Then, two parts composed the test. The first one, called “training period”, allowed the sub-
jects to familiarize with the evaluation procedure. This was followed by the second part, the
“test session” itself, which comprises the visualization of the 57 generated videos sequences
as described. The “training period” used five random videos selected from the “test session”.
Only the answers given by the subjects during the “test session” were considered as results.

To reduce contextual effects, the video sequences visualization order were randomized
applying different permutations for each group of subjects. Moreover, the same video con-
tent was not shown consecutively. The tests comprise the subjects visualization of a video
during approximately 10 seconds followed by a period of 10 seconds with a mid gray image.
This last period is used for the video quality evaluation, where the subjects gave a grade
between 1 (low quality) and 10 (high quality), as defined in [16].

The test had a global duration of approximately 20 minutes. Longer test sessions are not
advisably because the effects of the subjects tiredness would influence the final results. The
results of these subjective tests were used to calculate the MOS.

4 Results analysis

The analysis of the subjective and objective quality evaluation, is reported in this section for
the above test methodology.

4.1 Subjective quality evaluation
The subjective results were analyzed for standard outlier detection [4] in order to remove
subjects whose scores reveal a strong deviation from the other scores in the same session.

Five subjects were considered as outliers, and thus all their scores were removed from the
results.
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(a) BasketballDrive (b) BQTerrace (¢) Kimono

Fig. 2 MOS of the video sequences as a function of the bit rate (kbps)

The MOS was computed using the subjective evaluation results, providing a numerical
indication of the perceived quality from the users perspective. The calculation of the MOS
of a video sequence is given by (1).

N
Dizi Sij

MOS() = ==

) )]

where N is the number of subjects, and s;; is the evaluation of the subject i for the video
sequence j.

The MOS values obtained for each video sequence used in the subjective tests are pre-
sented in Fig. 2 and shows that higher bit rates lead to better ratings for both encoders.
Similar performance was obtained for visually lossless conditions. These are similar to the
ones obtained with the original sequences (see Table 2). The MOS was always above 5 for
these experiments. The lowest grade given by subjects was 5.4 and the highest score was
7.6. The MOS results of the sequences coded at higher bit rate were similar to the MOS
results obtained for the original sequences. In fact, these cases are visually near lossless con-
ditions. The MOS values for sequences coded at lower bit rates were always lower, except
the BQTerrace sequence coded with HEVC with IPP set to 56. After analyzing this particu-
lar case, were verified that in this sequence some textures from peripheral view present less
detail. This situation might create a sensation of larger visual comfort to viewers, leading to
this unexpected result.

From the analysis of all subjective results can be concluded that for the used parameter
values, the HEVC encoder performs better than the VP9 encoder. However, the performance
gain is reduced. Low bit rates are more noticeable. For instance, the BQTerrace sequence
encoded with a bit rate of approximately 2300 kbps, results in a MOS value of 6.4 with the

Table 2 Original video sequences (Bit rate, MOS and standard deviation)

Video Sequence Bit rate MOS Standard
(kbps) Deviation
BasketballDrive 1215000 7.40 1.65
BQTerrace 1458000 7.44 1.06
Kimono 583200 7.48 1.17
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VP9 encoder while the HEVC leads to a MOS of 7.3. The same sequence encoded with
a bit rate of almost 10000 kbps, results in a similar evaluation of approximately 7.4 for
both encoders. The 7.44 was also the evaluation value obtained for the original BQTerrace
sequence, as can be verified in Table 2.

Finally, the two codecs subjective results were compared statistically with two normality
tests performed on the sample variables. The Shapiro-Wilk [25] and the Kolmogorov-
Smirnov [18] tests both results on a non-normally distributed data. Thus, the non-parametric
Wilcoxon test [9] (95 % confidence interval) was performed, and it was concluded that
between this two samples there is no statistically significant difference with a p-value equal
to 0.1469 for the each IPP value. However, the resulting bit rates for each IPP value are
different. In this case, the bit rate is a non-normally distributed data, and the Wilcoxon test
results in a p-value equal to 0.0039, which for a 95 % confidence interval means that the
distributions are statistically different. Hence, the differences in the bit rate vs MOS rep-
resented in Fig. 2 are statistically different and can be concluded that the HEVC requires
lower bit rates than the VP9 for the same subjective quality.

4.2 Objective quality evaluation

For objective evaluation the PSNR, Structural Similarity Index (SSIM) [28] and Feature
SIMilarity Index (FSIM) [34] metrics were used.

The luma (Y) and chroma (U,V) components were combined for the PSNR metric
computation using the (2),

6 x PSNRy + PSNRy, -+ PSNR
PSNR = -~ Y+8 vt A )

The PSNR results are presented in Fig. 3 and are in conformance with the reported in the
literature [6, 7, 21]. For the same bit rate the videos coded with the HEVC present a higher
PSNR than the same videos coded with the VP9. In general the HEVC coder is 1.5 dB better
than the VP9. As can be also seen, the PSNR almost does not change with the tested IPP
values variation.

The SSIM [28] and the FSIM [34] are based on the human visual system (HVS) to pro-
vide an improved representation of the perceptual quality. The SSIM metric uses structural
information from natural images, and evaluates perceptual quality using three spatially local
evaluations: mean, variance, and cross-correlation [24]. The FSIM metric is based on the
SSIM and adds the comparison of low-level feature sets between the reference and the dis-
torted images [34]. The results obtained with these two metrics are presented in Figs. 4
and 5. The HEVC result in better performance for all the three metrics. Furthermore, the
FSIM metric leads to a larger difference between the two encoders, than the other two met-
rics, particularly in the case of BQTerrace sequence. The Kimono sequence presents the
higher PSNR while BQTerrace sequence present the lowest PSNR. These grading is not
confirmed by SSIM and FSIM metrics. The BasketballDrive sequence is the one with high-
est SSIM and FSIM values while the Kimono sequence is the one with lowest values for
SSIM and FSIM metrics. The SSIM and FSIM results for the BasketballDrive sequence are
very similar, but there are important differences in the other two video sequences.

4.2.1 Evaluation of the objective models

The original subjective results were normalized into MOS,, in the range [0, 1], which
consists of a simple continuous relation between the original MOS and the coded video
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Fig. 5 FSIM of the video sequences as a function of the bit rate (kbps)
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Table 3 Performance of the quality metrics

Codec Metric Measures
Pearson Spearman Outlier Ratio RMSE
HEVC PSNR 0.382 0.540 0.000 0.216
SSIM 0.943 0.827 0.000 0.075
FSIM 0.902 0.779 0.000 0.097
VP9 PSNR 0.453 0.530 0.033 0.236
SSIM 0.943 0.876 0.033 0.088
FSIM 0.886 0.883 0.033 0.124

sequences. In this range, zero represents the original and one represents the lowest quality.
The normalization is presented in (3), where j is the j’ h tested video sequence.

MOS(j) — MOS,in 3)
MOS,;1ax — MOS,,in

Then, the non-linear regression suggested in [17], was fitted to the objective metrics

results and the mapped MOS,, values, and restricted to be monotonic over its range. The
data [MOS,, MOS,,] was fitted using (4) for the regression,

b2
e(=D3x(MR(j)—b4)) @

MOS, (j) =

MOS,(j) = bl
p(]) + 1+

where MOS, represents the MOS prediction, j is the j™ tested video sequence, MR is
the metric result, and b1, b2, b3 and b4 denote the regression parameters, initialized with
MOS,.in, MOS,0x, MR,,i, and MR, respectively.

The metrics performance were evaluated using the common four measures: 1) The Pear-
son linear correlation coefficients between MOS,, and MOS,, that measures the prediction
accuracy of the model; 2) The Spearman rank order correlation coefficient between MOS,,
and MOS,, that relates the prediction monotonicity of the model; 3) The Outlier Ratio as a
measure of the model consistency prediction; 4) The root mean square error (RMSE). The
results of these measures are presented in Table 3.

From Table 3, can be noticed that SSIM and FSIM present similar results for the four
measures for both codecs. The SSIM and FSIM metrics present high Pearson and Spearman

1F* 1 * 1 *
5 $
0.8 0.8
%" 0.6 %" 0.6
o =}
= =
0.4 * BasketballDrive| 0.4 * BasketballDrive| 0.4 * BasketballDrive|
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- Fitted Data - Fitted Data - Fitted Data
X —Curve Fit —Curve Fit \ —Curve Fit
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Fig. 6 HEVC fitting analysis for MOS vs PSNR, SSIM and FSIM metrics
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Fig. 7 VPO fitting analysis for MOS vs PSNR, SSIM and FSIM metrics

correlations, while the PSNR presents low values. The outlier ratio is small and the RMSE
presents similar values for all codecs and metrics.

The conclusions presented above are confirmed by the fitting analysis, of the MOS
vs metrics, presented in Figs. 6 and 7 for the HEVC and the VP9 codecs respec-
tively. These figures show that the FSIM and SSIM metrics follow the MOS variation
and represent a good approximation. Moreover, the PSNR does not represent properly
the MOS.

5 Conclusion

The goal of this study was to analyze and compare the subjective performance of the HEVC
and VP9 codecs.

It was concluded that for the same values of the IP parameter, the HEVC codec result
in lower bit-rates than the VP9 codec. As the bit rate value grows, both encoders provide
a very similar perceptual quality that is also very similar to the obtained with the original
videos. The statistical analyses confirms that the HEVC requires lower bit rates than the
VP9 for the same subjective quality.

Hence, can be conclude that the VP9 codec did not succeed in providing the same encod-
ing performance as the provided by the HEVC codec. As an advantage, the VP9 requires less
computational effort than the HEVC. The differences on the computational requirements
were not the goal of our study and are not reported.

The quality representation provided by three objective metrics (PSNR, SSIM and
FSIM) were also studied and correlated with the subjective results. For both HEVC
and VP9 codecs, the SSIM and FSIM metrics present a high correlation with the
MOS, providing a valuable tool for objective quality evaluation. However, the commonly
used PSNR presents a low correlation, and its usage should not be encouraged in this
context.
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Appendix: settings for the encoders

Table 4 Selected setting
for HM reference software
encoder

Table 5 Selected setting for
VP9 encoder

Coding Options Chosen Parameters
Encoder HM 13.0
Profile Main
Reference Frames 4

R/D Optimization Enabled
Motion Estimation TZ search
Search Range 64
Group of Pictures 8
Hierarchical Encoding Enabled
Temporal Levels 4

Intra Period Isec
Deblocking Filter Enabled
Coding Unit (size / depth) 64/4
Transform Unit size (min / max) 4/32
Transform Skip Enabled
Transform Skip Fast Enabled
Hadamard ME Enabled
Asymmetric Motion Partitioning (AMP) Enabled
Fast Encoding Enabled
Fast Merge Decision Enabled
Sample Adaptive Offset (SAO) Enabled
Rate Control Disabled
Internal Bit Depth 8

Chosen Parameters

--good - -cpu-used=0

--codec=vp9 -w < Width > -h < Height >

--i420 - -psnr

- -threads=0 - -profile=0

- -lag-in-frames= < FrameRate >
--min-g=< QP > --max-qg=< QP >
- -kf-min-dist=< IntraPeriod >

- -kf-max-dist=< IntraPeriod >

- -cq-level=20 - -end-usage=0

- -auto-alt-ref=1 - -passes=2

- -drop-frame=0 - -static-thresh=0

- -bias-pct=50

- -minsection-pct=0 - -maxsection-pct=2000

- -arnr-maxframes=7 - -arnr-strength=5

- -arnr-type=3 - -sharpness=0 - -undershoot-pct=100
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