Feature Articles: Video Technology for 4K/8K Services
with Ultrahigh Sense of Presence

World’s Highest-performance HEVC
Software Coding Engine

Kazuyuki Iso, Masaki Kitahara, Ryuichi Tanida,
Tokinobu Mitasaki, Naoki Ono, and Atsushi Shimizu

Abstract

In recent years, worldwide attention has been focused on the distribution of 4K and 8K high-definition
video. Video services for mobile terminals have also been expanding rapidly, and higher compressive
power in video coding is expected. In response to this situation, the international standard HEVC (High
Efficiency Video Coding, otherwise known as H.265/MPEG-H) was established in April 2013. We intro-
duce here a software coding engine developed by the NTT Media Intelligence Laboratories that con-
forms to HEVC and features the world’s highest coding performance.
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1. Introduction

Attention has been focused worldwide in recent
years on high-speed distribution of 4K and 8K high-
definition (HD) video. Transmission of the huge
amount of data associated with 4K and 8K video
while maintaining sufficient quality requires the use
of video coding techniques that have high compres-
sion performance. Video services for smartphones
have gained in popularity in mobile communication
environments in which capacity has expanded due to
the increased use of LTE (Long Term Evolution) or
other high-speed communication technology. Many
video distribution service providers are implementing
mobile services, and telecommunications carriers
have strong expectations for higher compression of
motion picture and video content in order to cope
with the rapidly increasing communication traffic. In
response to this situation, the NTT Media Intelli-
gence Laboratories developed a software video cod-
ing engine that has the world’s highest level of video
compression and conforms to the Main/Main10 Pro-
file of HEVC (High Efficiency Video Coding). HEVC
is said to double the video data compression perfor-
mance of the previous international standard, H.264/
MPEG-4 AVC (Advanced Video Coding), also called
H.264. Our software coding engine improves com-

pression performance by a factor of up to 2.5, which
enables a reduction in video data of up to 60% com-
pared to H.264 with equivalent image quality.

2. HEVC software coding engine

NTT Media Intelligence Laboratories has devel-
oped a technique that takes image features into
account to efficiently distribute the coding rate over
the image, and in doing so, has achieved the world’s
highest performance HEVC software coding engine.
This technique may eventually be applied to Internet
protocol television (IPTV) and other such services.
Therefore, we also developed a bit rate control tech-
nique that achieves stable video distribution, and a
fast technique to compress video in a practical
amount of time. To enable viewers to have a pleasant
experience when they view video provided by IPTV
and similar services, a function for adjusting the
amount of data flowing through the network is neces-
sary to achieve efficient video transmission. However,
no such function is included in the international stan-
dards. We therefore developed a proprietary tech-
nique for controlling the coding rate in order to allo-
cate the coding rate efficiently on the basis of statisti-
cal data.

Without fast compression techniques, HEVC
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Fig. 1. Relation of image properties to subjective image quality.

involves trading high computational load and long
processing time for compression performance. The
HEVC software coding engine that we developed
uses a proprietary fast compression technique to
compress full HD video in about five times the play-
back time; in other words, if the playback time is 1
hour, this technique can compress the full HD video
in 5 hours. This factor of five is generally considered
a target for a practical processing time when working
with actual content, so this software coding engine
features both high compression performance and fast
processing. With a steady eye on future expansion of
the market for video distribution services, we are also
targeting the Main 10 Profile for 4K and 8K high
definition video. In the following sections, we
describe the techniques developed by the NTT Media
Intelligence Laboratories in more detail.

3. Local quantization parameter (QP) variation
processing for high compression performance

The allocation of a limited coding rate is important
for improving image quality. A known characteristic
of human vision is that distortion is difficult to detect
in regions of video that contain complex patterns.
However, there are no complex patterns in the region
of a human face in a single image, as shown in the
example in Fig. 1, and distortion introduced by cod-
ing is therefore noticeable in such regions. On the
contrary, the background region in the example image
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contains foliage that has complex patterns due to the
many color variations in the tree trunks and leaves, so
there is a tendency for coding distortion to go unno-
ticed. Consequently, techniques that make use of this
tendency are often applied to measure the pattern
complexity within an image. Then the coding rate is
reduced in regions that include complex patterns in
order to improve the overall coding efficiency.

We also focused on the relation between regions
with complex patterns, peripheral areas, and temporal
changes and discovered that the loss of subjective
image quality is barely detectable in peripheral areas
that have both complex patterns and large temporal
changes, even if the coding rate is further reduced.
We therefore developed a proprietary local QP varia-
tion processing technique in which the coding rate is
adjusted for each region in an image. Specifically, the
image is analyzed to detect regions that contain com-
plex patterns before the coding process is executed.
Controlling the coding rate according to the relation
between peripheral areas and the degree of temporal
change in regions where the patterns are complex
improves the overall video compression perfor-
mance.

4. Bit rate control for stable video transmission

IPTV and other video distribution services require
a control for bit rate stability as well as high compres-
sion performance. Bit rate control is a fine control
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Fig. 2. Coding rate control.

that allocates a bit rate to each video frame and each
region of a frame so as to distribute video at a con-
stant bit rate (Fig. 2). NTT Media Intelligence Labo-
ratories has developed this technique over a long
period of time while developing the H.264 coding
engine and other such technologies. Specifically, the
coding rate of a previously coded image is divided
into a rate for header data and for video data to
achieve separate statistical processing. The results of
the statistical processing can be used to estimate with
high accuracy the coding rate for the subsequent
image. HEVC uses a complex hierarchical reference
structure that involves random access of more frames
than in H.264, so the compression performance is
higher. Therefore, performing hierarchical statistical
processing can be used to control the coding rate for
HEVC as well.

5. Video coding in practical time

In video coding, each image is divided into square
blocks. Higher compression performance can be
achieved in HEVC than in H.264 by selecting the
block size from among four candidates. Additionally,
many compression modes are prepared. To select the
optimum block size and compression mode for each
block, it is necessary to compare all combinations of
block sizes and compression modes. However, sim-
ply comparing all the combinations requires a huge
amount of computation time, so we developed a
method that achieves fast processing while maintain-
ing a higher compression rate by analyzing regions of

Fig. 3. Division of image into blocks.

high similarity and regions of local complexity in
images.

A high compression rate can be achieved in HEVC
by selecting a small block size for regions with com-
plex video patterns and a large block size for regions
with simple patterns (Fig. 3). Analysis of the results
of block partitioning for different types of video
reveals that the reduction in compression rate is slight
even when the block sizes are fairly similar between
adjacent blocks, because image features are similar
for consecutive regions on the screen, even when the
image is partitioned. We developed a method in
which that information can be used to shorten the
computation time by considering the block sizes of
adjacent regions that have already been compressed
(with compression being done sequentially from the
top left of the screen to the bottom right) to reduce the
number of block size candidates (Fig. 4).

Also, one important compression mode for improv-
ing compression performance is the skip mode. The
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Fig. 5. Skip mode of video compression.

concept of the skip mode is illustrated in Fig. 5. In the
skip mode, image blocks that are selected according
to a motion vector that represents the movement of
the subject within the image are coded by copying
previous blocks. The skip mode has a wide applica-
tion range in HEVC, so compression performance
can be increased by compressing most of the image
using this mode. Therefore, if we can determine that
the skip mode is appropriate by estimating the image
quality when using the skip mode, we can eliminate
the coding processing for trials of other compression
modes and thus greatly reduce the computation time.
Specifically, we compare the motion vector of the
block to be coded with the motion vector of the adja-
cent block that has already been coded to determine
if the two blocks contain the same subject. If they do,
we compare the image quality obtained by using the
skip mode to the image quality of the adjacent block.
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If it is possible to achieve the same image quality, the
skip mode is judged to be appropriate. That makes it
unnecessary to try multiple compression modes and
greatly reduces the processing time (Fig. 6).

Next, for compression modes other than the skip
mode, a linear transform* is applied to the difference
between this image and the previous image (predicted
difference) to convert it to data that are easily com-
pressed, and then the coding is performed. Many
linear transformation methods are possible in HEVC,
and comparing all of them would take a huge amount
of computation time. We therefore conducted experi-
ments using various types of video to determine the

*  Linear transformation: A process applied to the difference data
for the block to be compressed and the previous image block to
reduce the amount of data involved in video compression. A typi-
cal conversion process is the discrete cosine transform.
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optimum linear transformation method. The results
indicated there was a constant correlation of the
image complexity of the regions to be coded and the
block size distribution, so we can reduce the compu-
tation time by selecting the linear transformation
method according to the image complexity and the
block partitioning situation.

6. Future development

Our software coding engine has been commercial-
ized by NTT Advanced Technologies and is being

sold as a codec software development kit that includes
the encoder and decoder as a set. The decoding
engine for playing a stream generated by this coding
engine was developed independently by NTT
Advanced Technologies.

We intend to continue developing high image qual-
ity video distribution services that require even
higher video compression performance. The NTT
Media Intelligence Laboratories will push forward
with research and development to contribute to the
further expansion of the 4K and 8K video distribution
market.
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