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Abstract

A codec is a software that encodes and
compresses a video for storing or before transporting
through networks. The process of video encoding has
become a major part of information technologies.
Hence, a variety of codecs has been developed
through the years. in this paper we provide an
analysis of the two wildly used video coding
standards H.264 and H.265. In order to elaborate this
study, for each one of the codecs, we calculated four
essential metrics: PSNR, SSIM, VIF and VMAF. We
report a higher performance of H.264 for most of the
metrics however in terms of size the H.265 presented
a higher compression rate. Moreover, in terms of
Energy consumption, H.265 showed lower energy
consumption than H.264.
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1. Introduction

Streaming of videos, be it music, movies or
simply just speech videos has been growing rapidly
in the recent past. It is not unusual for one to stream a
video only to find that the video quality is low or so
much bandwidth is wasted since the quality of the
output video is not measured, hence higher bitrates
are used than is necessary. Users are nowadays more
interested in the quality of the video and the cost of
content delivery network. Video codecs go along the
way in determining the visual quality of a video,
therefore it becomes important to compare the
different video codecs in terms of their performance
metrics. Through such comparison video encoding
channels are optimized to lower the bitrate as low as
possible without negatively affecting the video
quality. In this article we will compare the
performance of two video codecs namely: H.264 and
H.265.

2. From AVC to HEVC

H.264/MPEG 4 Part 10, referred to as AVC
Advanced Video Coding is a codec that was
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developed in 2003 thanks to the joined efforts of the
two standards organizations ISO/IEC MPEG and
ITU-T VCEG under the name Joint Video Team
(JVT). H.264/MPEG 4 Part 10 aims at resolving the
problems raised by its precedents: H.261, H.262,
MPEG-2, H.263 (Baseline), H.262+ (Profile 3),
H.263++ (Profile 5), H.26L, MPEG-1, MPEG-2,
MPEG-4 version 2, MPEG-7, MPEG-21. The main
advantages of H.264 compared to the previous codecs
is its efficient coding, resilience to errors and its
network friendliness [1]. Since then, H.264 has been
the most popular video codec. Hence most of devices
have H.264 built on in order to decode videos without
compromising the device processor.

In 2010, a new collaboration between the two
standards organizations ITU-T VCEG and ISO/IEC
MPEG under the name Joint Collaborative Team on
Video Coding (JCT-VC) Created a new codec, H.265
or also referred to as HEVVC High efficiency Video
coding to counterbalance the limits of H.264/MPEG
10 standard [2]. HEVC can be considered as the
future of codecs since it has showed great results with
4k resolution videos with almost the same bitrate as
AVC.

In this work we weigh up the performance of the
two codecs, for this purpose, there are several metrics
to be considered when analyzing the codec
performance, we will consider the following metrics:

=  PSNR
= SSIM
= VIF
= VMAF
3. Methodology

In order to achieve the comparison, we encoded
the original video into H.264 and H.265 codec using
Python and ffmpeg. The resulting video from each of
the codec will then be compared to the original video
by calculating the metrics mentioned above. Finally,
these metrics will be compared by use of graphs for
the two codecs in order to determine which codec is
the best.
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Figure 1. Methodology

For this comparison, we created a 6 seconds
video, it’s composed of 13 parts: bars of shades of
gray, a black and white hypnotic spiral, white noise,
a countdown timer, bars of gradient colors fading,
two tv screen tests, circles of colors moving,
rectangles of shades of gray, horizontal rainbow
shades, loading animation, moving colored circles
and a text ticker. This variety of primary and
secondary colors aims to test the color range and the
use of static and dynamic clips of shades of gray is to
test the grayscale range. Moreover, the purpose of
using different shapes and animations is to test the
liability to details and see if the encoder can handle
smooth curves as well as angular shapes. Finally, the
use of a text ticker is to inspect if the encoder is well
adapted to text.

Figure 2. Screenshot for the video used for testing

4. Performance Analysis

This is one of the most popular video performance
metrics and is majorly used for reconstructing lossy
compression video codec. It is a measure of human
perception of the codec quality. It quantitatively
evaluates the error introduced by the compression
codec. The higher the PSNR value measured in dB,
the better the codec and the value can be up to infinity.
However, PSNR sometimes performs poorly on
videos encoded with different codecs hence should
not be the sole metric relied upon to make a decision.

PSNR is calculated by the ratio between the
maximum possible power of the luminance and the
mean squared error (MSE) [3].
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Where f is the original signal and F is the
reconstructed signal and MxN the frame size and
2™ — 1 is the maximum possible of luminance.
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Figure 3. PSNR values comparison for H.264
and H.265
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Figure 4. Mean Square Error (MSE) for PSNR

From Figure 3 shown above, it is observed that
PSNR values for H.265 are mostly higher than those
of H.264 signifying the possibility of H.265 being a
better video codec in terms of human perception. This
means that a human observer is likely to conclude that
H.265 has the best quality. The average PSNR value
HEVC is 22.37 while that of H.264 is 22.33 further
buttressing our assumption. Figure 4 on the MSE also
shows that the H.265 codec has the lowest MSE on
PSNR comparison.

Calculating just the PSNR average value
comparison is not enough. As already stated, PSNR
measures human perception of the video codec.
Human perception is in 3 color modes Y, U and V
representing luminance (brightness), blue color
projection and red color projection respectively. From
the analysis it is evident that H.264 outperforms
H.265 in luminance and blue color projection,
however H.265 outperforms H.264 in red color
projection.
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Comparison Between HEVC and H264 PSNR color mode values on Frames.
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Figure 5. PSNR values per color mode for both
H.264 and H.265

Comparison Between HEVC and H264 MSE color mode on Frames
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Figure 6. MSE values per color mode for both H.264
and H.265

5. Structural Similarity Index (SSIM)

SSIM is a human perception measure that
calculates the degradation of video image quality
caused by encoding the video into different codecs.
Compared with PSNR, SSIM is concerned about the
visible structure of the video and it is often better than
PSNR in analyzing video quality.

SSIM extracts 3 main features for video images
such as Luminance [(x,y), Contrast c(x,y) and
structure s(x,y) and therefore analysis is performed
on the 3 features. The SSIM values range from 0 — 1
and the greater the value the better the codec.

It’s calculated as follows [4]:

SSIM(x,y) = 1(x,y).c(x,y).s(x,y)
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The SSIM value is calculated using the average of
all the SSIM values.

Comparison Between HEVC and H264 SSIM Aggregate values on Frames

SSIM VALUES AVERAGES
HEVC :0.93 H264 :0.93

1M Value

ﬁ "‘{ ' ‘I "I" ¥ \ [
= )
0.0 I,-‘ ‘.‘ | || y
e |
Figure 7. The aggregate SSIM value on color
modes for H.265 and H.264
PR e e e e : v e |
V;‘f Y \ = l = “*‘( = yvﬂ =
.| ‘ ' ‘ ‘ ‘ |
| | | (-
w || | | U

A

SSIM Color Mode Value
o ° °

rrrrr

Figure 8. SSIM values for each of the color
modes for H.264 and H.265

From Figure 7, the aggregate SSIM value for
H.264 seems slightly greater than that of H.265
however the average values are the same (0.93 for
H.265 and 0.93 for H.264) and are almost equal to the
optimum value of 1 indicating both the of two codecs
perform particularly well in terms of SSIM.

When we focus on the SSIM values for the color
modes as in Figure 8, the Y channel (Brightness) for
H.265 and H.264 have an average value of 0.9. The U
(Blue projection) is also almost equal to 1 with 0.99
for H.264 but slightly lower for H.265 with 0.98, as
for the V red color projection the two codecs have the
same average of 0.98.

We therefore conclude that H.264 and H.265
comparison in terms of SSIM values yield almost the
same results, however H.264 results are slightly better
in terms of the blue color projection.

6. Visual Information Fidelity (VIF)

VIF is a type of quality metric performance
measure which takes into account that the quality of
a video is directly proportional to the loss of
information fidelity. It is a combination of four scales.
VIF values range from O to 1 and the higher the value,
the better the codec. L

_VIF is calculated using I(C";E"|s") and
I(CV;FN|sM)  which indicates the optimal
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information picked up by the brain from a particular

channel [5].
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Figure 9. VIF score for H.264 and H.265

Figure 9 indicates the VIF score for H.265 and
H.264. VIF Mean refers to the average score for the 4
scales in each frame. The VIF mean line plot for
H.264 is higher than that of H.265 indicating that it is
the best in terms of VIF. This is confirmed by the
average VIF score of 0.77 for H.265 and 0.79 for
H.264.

7. Video Multi-method Assessment Fusion
(VMAF)

VMAF is a metric developed by Netflix which
infuses human vision modeling together with
machine learning and has become more popular for
its success in automating subjective testing of video
image quality which requires users to watch and give
a score to videos. VMAF values range from 0 to 100
and the higher the VMAF value the better.

The VMAF is based on three other quality
metrics: Visual Information Fidelity (VIF) [6], Detail
Loss Metric (DLM) [7] and Mean Co-Located Pixel
Difference (MCPD) [8].
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Figure 10. VMAF score for H.264 and H.265

Figure 10 above shows the line plots for H.264
being higher than those of H.265 signifying that
H.264 performs better than H.256 when analyzed on
the VMAF score. This is confirmed by the average
VMAF score which indicates 69.11 for H.265 and
70.51 for H.264.

8. Energy Consumption

In order to use these video codecs in a sustainable
way with the current high demand, we need to find
which codec present less energy consumption. For
this purpose, we used Intel Power Gadget to calculate
the average of consumption of power of the
processor. The log results show a higher consumption
of energy with the H.264 codec compared to H.265,
thus the latest is a more energy saving codec.

Processor Energy =IA Energy + GT Energy +
Others

IA Energy is the Energy of the CPU and processor
cores

GT Energy is Energy of the processor graphics

Power Consumption of H.265 and H.264

Figure 11. Power Consumption of H.265 and H.264

9. Conclusion

We have analyzed the performance of the quality
for the two codecs focusing on 4 main areas. In the
first metric PSNR, we have noticed that H.265 is
better than H.264 in encoding this particular video. In
the second metric SSIM the performance is identical
for the two codecs, for the third metric VIF H.264
slightly outperform H.265 however for the last metric
VMAF H.264 achieves better results. Nonetheless it’s
worth noting the high performance of H.265 in terms
of the size of the video after compression with a
reduction of 62% compared to H.264 with only
30.42%.
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