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Abstract—Due to the explosive growth of the mobile devices and
development of the network technologies, HyperText Transfer
Protocol (HTTP) adaptive streaming has become a new trend in
video delivery to provide efficient multimedia streaming
services. Another important development is the provision of
high quality contents, such as Ultra High Definition (UHD)
videos. UHD content supports longer Group Of Pictures (GOP)
size, as well as higher spatial resolution and higher frame rates.
Due to these characteristics, the UHD content is characterized
by the longer segment duration and higher bandwidth
requirements in HTTP adaptive streaming system. Inan HTTP
adaptive streaming system, the long segment duration, which is
the characteristic of UHD content, degrades the responsiveness
to network fluctuations. It increases the video stalling period
and degrades the user Quality of Experience (QoE). In this
paper, we propose the segment duration based HTTP Adaptive
streaming scheme for UHD contents. In our scheme, we assign
different segment duration based on each quality level and
propose the rate adaptation scheme to improve the QoE for
UHD content. Using the simulation, we prove that our scheme
significantly reduces the playback discontinuity.

Keywords-HTTP adaptive streaming; UHD (Ultra High
Definition) content; QoE (Quality of Experience)

l. INTRODUCTION

Due to the development of the network technologies and
the explosive growth of the mobile devices such as smart
phone and tablet PC, there have been significantly increasing
demands for multimedia streaming services. Video traffic is a
growing fraction of Internet traffic. Because of video traffic
growth, HyperText Transfer Protocol (HTTP) adaptive
streaming is receiving attention to provide efficient
multimedia streaming services. In the HTTP adaptive
streaming, a video content is encoded at multiple bitrates and
the encoded video content is segmented into small parts of
fixed durations. When the HTTP adaptive streaming player
starts video streaming, it requests a segmented video content
by sending an HTTP GET message. Each video segment is
downloaded over HTTP and TCP using the conventional
HTTP web servers. Typical implementations of the HTTP
adaptive streaming are Apple HTTP Live Streaming,
Microsoft Smooth Streaming, and Adobe dynamic Streaming.
Also, Dynamic Adaptive Streaming over HTTP (DASH) is
defined in the standard [1].
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Another important development is the provision of high
quality contents, such as Ultra High Definition (UHD) videos
attracting the attention of content providers. The UHD content
format is defined in the Recommendation ITU-R BT.2020 and
SMPTE ST 2036-1 [2]. Compared to High Definition (HD),
UHD content supports longer Group Of Pictures (GOP) size,
as well as higher spatial resolution and frame rates to reduce
the data size. The UHD content is characterized by the long
segment duration and higher bandwidth requirements in the
HTTP adaptive streaming system.

In HTTP adaptive streaming system, a client can select the
quality level of next segment based on the quality adaptation
method to cope with bandwidth fluctuations. The long
segment duration, which is the characteristic of UHD content,
degrades the responsiveness to network fluctuations [3]. It
increases the quality switching delay and video stalling period
(also called as buffer freezing). These degrade the user Quality
of Experience (QOE).

In this paper, we propose a segment duration based HTTP
adaptive streaming scheme for UHD content. The proposed
scheme assigns different segment duration according to each
quality level and requests the extra segment of the selected
quality by the rate adaptation algorithm to improve the
responsiveness of UHD content. The proposed rate adaptation
algorithm determines the number of extra segments and the

quality at which each of these segments should be downloaded.

The rest of the paper is organized as follows. The related
works are presented in Section Il. The proposed scheme is
presented in Section I11. The experimental results are provided
in Section 1V, and finally the concluding remarks are given in
Section V.

Il.  RELATED WORKS

Figure 1 illustrates the architecture of HTTP adaptive
streaming. An HTTP server consists of three parts, which
include the media segments, manifest file, and HTTP module.
A multimedia content is encoded with multiple qualities. Each
encoded content is divided into small segments of the fixed
duration which start with an I-frame and do not reference
frames from the surrounding GOPs. The segments are
individually addressable by unique Uniform Resource
Identifier (URIs). The manifest file specifies the content
characteristics (e.g., bitrate, codec information, framerate,
segment duration, resolution and URI). The HTTP module at
the server sends the media segments according to request from

16



EMERGING 2017 : The Ninth International Conference on Emerging Networks and Systems Intelligence

I HTTPServer | HTTP Client I
1 | 1
segments

: Quality 1 : m | :
1| BEEEEEEE], 1 |
1| [2][2][s][4][s][e][7][e]] : 1
1 | Quality 3 1 1
1| LRIEEEERE 1 1
! BRERn B W' : !

1 I Monitor module |
| . .
1 | ! 1
1 r 1

Figure 1. Architecture of HTTP adaptive streaming system.

the HTTP client. An HTTP client consists of four parts, which
include the player, adaptation module, monitor module, and
HTTP module. The monitor module estimates the throughput
during the download of the segments. The adaptation module
selects suitable bitrate for adapting the dynamic network
conditions depending on the received manifest file and the
measured condition, which is the estimated throughput or
playback buffer occupancy. The HTTP module at the client
sends the requests to the HTTP server according to the
selected quality. When the HTTP adaptive streaming client
starts video streaming, it requests the manifest file using
HTTP GET message to the HTTP server. According to this
request, the HTTP server sends the manifest file to the client.
After receiving the manifest file, the client requests an
appropriate segment using throughput measured in monitor
module. Then, the HTTP server sends the requested segment.
Finally, the player plays the received segments.

In order to improve the QoE and Quality of Service (QoS),
many adaptation schemes are proposed for HTTP adaptive
streaming. The adaptation schemes can be broadly divided
into two categories. In the first category, the HTTP adaptive
streaming switches the video quality according to the current
state of the network, such as throughput [4][5]. Segment
throughput is calculated as the ratio of the segment size to the
time that it takes to download the segment [6]. The moving
average of the throughput of previous segments is used to
estimate the throughput [7]. In the second category, buffer
occupancy is used in order to provide the seamless playback.
The buffer is divided into predefined ranges and different
decisions are taken to select the video rates when the buffer
level stays in different ranges [8][9]. The method in [9] is
more stable as compared to the method in [8] but it is late to
react to the changes in the throughput as it waits for the
playback buffer to reach a threshold before selecting a higher
video rate.

IIl.  SEGMENT DURATION BASED HTTP ADAPTIVE
STREAMING SCHEME

In this section, we design the architecture of the proposed

HTTP adaptive streaming system for UHD streaming services.

Then, we also present a rate adaptation scheme for seamless
playback of the UHD content.
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A. Architecture of the proposed streaming system

Figure 2 shows the architecture of the proposed streaming
system. In the proposed system, the server consists of the
media preparation module, content annotation module and
segment scheduler module.

e  The media preparation module provides the tools for
encoding and encapsulation so that the content can be
presented and delivered efficiently to the client in the
pre-defined format. The module encodes the video
stream into multiple representations and divides the
representation into small segments of different fixed
duration according to quality level.

e  The manifest file module provides metadata file or
manifest file which contains the information about the
characteristics of the stored multimedia content. The
content information contains the bitrate, URI, and
segment duration of each representation.

e The segment scheduler module is responsible for
sending segments using multiple connections according
to the request message.

e  The HTTP module at the server sends the media segment
based on requested message by client.

In the proposed system, the client consists of the media
player, buffer controller, manifest file parser, monitoring,
request scheduler and quality adaptation modules.

e  The player module provides the tools which play and
control the multimedia to the client.

e  The manifest file parser module analyzes the manifest
file received from the server.

e  The buffer controller module stores the segments in the
each buffer according to their connections. Further, this
module finds the beginning time of the segments to be
played next.

e  The monitor module measures the throughput while
downloading each segment and monitors the buffer
occupancy while the client plays the received segments.

e  The adaptation module selects suitable bitrate to request
next based on the received manifest file and the
measured context information.
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Figure 2. Architecture of the proposed streaming system.
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e  The request scheduler module determines the time to
request segment based on the buffer occupancy of the
client.

e The HTTP module at the client receives the media
segment from the server.

B. Segment duration based rate adaptation scheme

We assign the segment duration differently according to
each quality level and present the rate adaptation scheme that
provides uninterrupted playback even when network
bandwidth is decreased.

Figure 3 shows the assigned segment duration for
seamless playback of the UHD content. The segment
durations are organized hierarchically according to each
quality level. The segment duration of the UHD content is 8
seconds due to its longer GOP size. To improve the
responsiveness of the network conditions and minimize the
wasted bandwidth, the segment duration of other quality level
with the exception of UHD content is reduced by half
compared to higher quality. For example, the segment
durations of Full HD (FHD), HD and Standard Definition (SD)
are 4, 2 and 1 seconds respectively. These assignments can
quickly increase the quality from SD to UHD by improving
the responsiveness of the network conditions.
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Figure 3. Segment duration assignment.

Figure 4 shows the proposed rate adaptation scheme for
seamless playback of the UHD content. The top of the Figure
4 shows the proposed scheme when the bandwidth decreases
while downloading the segment. The bottom of the Figure 4
shows the playback scenario of the client. If the requested
segment is not downloaded within the segment duration, the
client simultaneously requests an extra segment of a lower
quality than previously requested using multiple connections
while the buffered segments are being played. The extra
segment is an additional segment with the same playback time
as the segment currently being downloaded. If the lower
quality segment gets downloaded before the previously
requested segment, the client plays the extra segment while
downloading the remaining data of previously requested
segment. By playing the extra segment, the client can stream
the video smoothly without buffer freezing. After the
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Figure 4. Segment duration based rate adaptation scheme.

remaining data of the higher quality level is downloaded, the
proposed system is looking for the time to switches to the
higher quality segment.

To improve the user QOE, we present the rate adaptation
algorithm for the extra segment. We first determine whether
to request an extra segment every segment duration of each
quality level. This decision is made by comparing the
available buffer level and the required download time. The
required download time is calculated as in (1).

t . _ Sremain
required — th
est

)

trequirea denotes the required download time, S,emqain
denotes the size of remaining data to download, and th,;
denotes the estimated throughput. The size of remaining data
to download is calculated as in (2).

@

Rorigin denotes the video rate of original segment, which
is the higher quality level, t,,;;;, denotes the segment
duration of original segment, and S;ompiece denotes the size of
downloaded data. The proposed scheme has a condition for
decision as in (3).

Sremain = Rorigin X torigin - Scomplete

trequired > tbuf (3)

tpyus denotes the buffering time as the available download
time. If the time required to download the remaining data is
larger than the buffering time, the client will experience
playback interruptions. Therefore, the client needs to request
the extra segment. The proposed scheme also determines the
quality level of the extra segment. The quality of extra
segment is calculated as in (4).

Rextra = max Ry
Sremaintn(REXty)
thest

origin

t
, Where <tpup + Xt n < ——
tk
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R..rq denotes the video rate of extra segment, R, denotes
the video rate of k-th quality level, ¢, denotes the segment
duration of k-th quality level, and n denotes the humber of
extra segments. This equation means that the quality
adaptation module selects the extra segment that is encoded
with the maximum bitrate and avoids buffer underflow.

IV.  PERFORMANCE EVALUATION

This section presents the simulation results for the
proposed scheme. To evaluate the performance of the
proposed scheme, we implement it in the Network Simulatior-
3 (ns-3). The simulation topology is shown in Figure 5. In this
simulation, the bottleneck link is set at 20Mbps. The segment
duration of the conventional HTTP adaptive streaming
scheme is 8 seconds for all quality level. The server has 4
different pre-encoded video qualities (430Kbps, 1500Kbps,
2700Kbps, and 10000Kbps). We compare the conventional
HTTP adaptive streaming scheme and the proposed scheme.
The simulation is run for 400 seconds. In order to generate the
cross traffic, we inject 10Mbps of Constant Bitrate (CBR)
traffic between the server and client at 200 second.

Bottleneck]

Router 1 Router 2

Figure 5. Simulation topology.

Figure 6 shows the playback video level and buffer
occupancy of the conventional HTTP adaptive streaming
scheme. The conventional HTTP adaptive streaming scheme
experiences buffer underflow after generating the cross traffic
because the client responds slowly to network changes due to
long segment duration. On the other hand, Figure 7 shows the
playback video level and buffer occupancy of the proposed
scheme. In the proposed scheme, buffer underflow does not
occur after generating the cross traffic because the proposed
scheme requests an extra segment by predicting buffer
underflow. The proposed scheme downloads an extra segment
at 207 second and plays the extra segment while downloading
the original segment. After receiving the original segment, the
player switches to the quality of original segment. Simulation
results show that the proposed scheme does not experience
buffer underflow and provides a better QoE than conventional
HTTP adaptive streaming scheme.

V. CONCLUSION

The UHD content is characterized by the long segment
duration and higher bandwidth requirements in the HTTP
adaptive streaming system because it supports not only higher
frame rates but also longer GOP size. These characteristics
degrade the user QOE due to lower responsiveness of the
network changes. In this paper, we propose the segment
duration based HTTP adaptive streaming scheme for UHD
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Figure 6. Playback video level and buffer occupancy
of the conventional HTTP adaptive streaming scheme.
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Figure 7. Playback video level and buffer occupancy
of the proposed scheme.

content. The proposed scheme aims to provide the seamless
playback for improving the QoE. To achieve this goal, we
assign the different segment duration according to each
quality level and request the extra segment from the server
based on proposed rate adaptation scheme. Through the
simulation results, the proposed scheme is proven to the
seamless playback without buffer underflow. In the future
work, we will analyze the proposed scheme in various
network environments and implement the proposed system in
real network.
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