Journal of ELECTRICAL ENGINEERING, VOL. 64, NO. 2, 2013, 112-117

H.264 VIDEO TRANSMISSION OVER
WLAN IN OPNET MODELLER

Lukas Sendrei — Jan Valiska — Stanislav Marchevsky -

One of the biggest challenges of communication networks is the video transmission in real time. It requires high demands
on the available network capacity and transport mechanisms. Availability of smart mobile devices with batteries, which keep
the terminal working for several hours, caused an increased interest in the research of the deployment of video transmission in
wireless transmission systems. The presented paper deals with the transmission of video encoded with H.264/AVC (Advanced
Video Coding) video coding standard through wireless local area network (WLAN) using the programming environment
OPNET Modeller (OM). The test network studied in this work was prepared by combining real and simulated networks,
which allows interesting possibilities when working with the OM tools. Such an approach to working with OM allows a
detailed video streaming analysis, because the video output was noticeably not only in the form of statistics, but we can see
the real impact of transmission failures. Using the OM simulation environment allows to design the transmission systems,

which would be difficult to establish in laboratory conditions.
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1 INTRODUCTION

The development of wireless communication has been
marked by a huge expansion in recent years. We deal
with it every day. It simplifies our work, communication
and entertainment. The achievements of modern mobile
networks reach parameters which ensure quality delivery
of much information to various applications. They found
wide usage in many areas. This creates significant pres-
sure on the efficient use of available resources according to
the philosophy “transfer as much as possible for as little
as possible”.

Despite the advanced communication technology the
research is also focused on the video coding compres-
sion algorithms. In this area, several standards for video
coding were created. A number of research institutions,
organisations, universities and also commercial compa-
nies participate in the time-consuming and difficult pro-
cess of standardisation. One of the latest standards for
video coding is H.264/AVC, which represents a signifi-
cant movement in terms of reducing coding requirements
and improves visual quality [1, 2].

In this paper we show the advantageous combination
of a real network with a simulated WLAN network de-
signed in OPNET Modeller environment. The real video
transmission generated on video server was imported into
the simulated network, transmitted through the simu-
lated WLAN network and transported back to the real
network, where the received video sequence was decoded.
OPNET Modeller was implemented as a generator of sta-
tistical parameters.

This paper is organised as follows. The second part
is dedicated to a brief review of the H.264/AVC video
compression standard. The third part contains informa-
tion about wireless network classification and a brief his-
tory of WLAN evolution. In the fourth part the OPNET
Modeller is introduced and the possibilities of video trans-
mission in this environment are described. Part five deals
with the simulations and summarizes the results. The last
section contains a brief summary.

2 H.264/AVC

H.264/AVC is an international video coding stan-
dard that was first published in 2003. The standard was
created within the collaboration of the working group
(WG) MPEG (Moving Picture Experts Group) of orga-
nization ISO/IEC and VCEG group (Video Coding Ex-
perts Group) of the ITU-T institute. This WG’s cre-
ated together a WG JVT (Joint Video Team) to fi-
nalize the project of ITU-T called H.264 and ISO/IEC
project named MPEG-4 part 10, Advanced Video Coding.
H.264/AVC represents the latest concept of video cod-
ing from the series of standards H.261, MPEG-1 Video,
MPEG-2 Video, H.263 and MPEG-4 Visual/Part 2. The
main aim of the standardisation effort was to achieve in-
creased coding efficiency and provide a better adaptation
to the transmission network for various applications like
videoconference, video streaming, video on demand, TV
broadcasting or video storage. Compared with older stan-
dards, H.264/AVC provides a more efficient compression
of different bit rates and video resolution by 50% on av-
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Fig. 1. Evolution of WLANSs based on IEEE 802.11 technology

erage. But this resulted into a more complex decoder ar-
chitecture [1, 3,4].

The standard defines the syntax and semantics of the
bit stream as well as pre-processing which requires the
decoder to correctly decode the bit stream to a viewable
video. The standard does not define the H.264/AVC video
coding or other pre-processing processes, enabling man-
ufacturers to operate at a price, coding efficiency, error
concealment, error resiliency or hardware requirements.
Another area where different manufacturers can use their
tools is posting of processing of the decoded video to cre-
ate a video stream optimized for the target application
[2]. The concept of H.264/AVC is based on two concept
layers [2, 5]:

e VCL (Video Coding Layer) — executes the video coding
itself,

e NAL (Network Abstraction Layer) — supports video
transmission trough different types of networks.

The design of VCL is based on hybrid block video cod-
ing. The basic coding algorithm is a combination of inter
frame prediction to exploit temporal statistical depen-
dence and transform coding of pre-prediction residuals
to exploit spatial statistical dependencies. In the VCL
there is no single coding element present that can pro-
vide the most significant improvement in compression ef-
ficiency than in previous standards. It is mainly a number
of small improvements that together produce significant
efficiency gain of the video coding algorithm. NAL layer
is designed to organize video VCL layer data and provides
header information that is used for suitable video trans-
mission over the transport layer or storage. It facilitates
the ability of mapping the VCL data to transport layers
of many transmission systems [1].

3 WLAN

Wireless networks allow people to communicate and
access information and applications without cables. This
introduces a degree of freedom in movement and ability
to extend applications to various parts of buildings, cities,
or nearly every place in the world. Wireless networks use
radio waves or infrared light as a carrier of information

and the communication medium is air. Most manufac-
turers have a wireless network interface and small aerial
in almost every equipment, allowing easy use and mobil-
ity. Depending on the area the wireless networks are able
to cover and the ability to satisfy various communicat-
ing entities we distinguish the following types of wireless
networks [6]:

e Wireless Personal Area Network (WPAN),

e Wireless Local Area Network (WLAN),

e Wireless Metropolitan Area Network (WMAN),
e Wireless Wide Area Network (WWAN).

The WLAN industry has become one of the fastest
growing segments of the communication industry. This
development is due to the greater use of WLAN devices
based on standards of the IEEE 802.11 series. WG IEEE
802.11 has developed several aspects of the dominant
WLAN standards, including safety, Quality of Service
(QoS) and cooperation with unlicensed technologies. The
first standard called IEEE 802.11 was released into public
after several years of research cycle. This standard speci-
fies three physical technologies and a single MAC proto-
col to support 1 and 2 Mb/s transmission over a wireless
medium. In September 1999 the organization published
the IEEE standard 802.11b (IEEE 1999b) for WLAN in
the 2.4 GHz band, which supports data rate 11 Mb/s.
As for the modulation technique, Complementary Coded
Keying (CKK) was selected based on Direct Sequence
Spread Spectrum (DSSS). Also in September 1999 the
specification 802.11a (IEEE 1999¢) was ratified to sup-
port the WLAN in 5 GHz band with a maximum transfer
rate of 54 Mb/s by implementing technology Orthogonal
Frequency Division Multiplex (OFDM). OFDM is also
used in the following specification 802.11g (IEEE 2003a),
which allows a maximum data transfer rate 54 Mb/s for
WLAN in the 2.4 GHz frequency band [7]. The latest
standard 802.11n of this group uses Multiple Input Mul-
tiple Output (MIMO) technology and enables data trans-
fer rates exceeding 100 Mb/s. Figure 1 shows the devel-
opment of WLAN technology.
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4 OPNET MODELLER

OPNET Modeller is one of the most powerful simu-
lation tools in the field of communication technologies.
It is deployed in research and development of communi-
cation protocols and devices. Designers and administra-
tors of communication networks can use this tool for ef-
ficiency analysis, optimisation, analysis of future growth
and other properties of networks. Sophisticated network
analysis suite of tools available for OPNET Modeller pro-
vides the opportunity to specify the models in details,
identify significant individual components, perform sim-
ulations and analyse the generated output data [8].

System-in-the-loop (SITL) is a special module that al-
lows connection of a simulated network in the OM en-
vironment and software applications or hardware of net-
works operating in real time. By using SITL during the
simulation, packets are transmitted between the simu-
lated and real network in real time. SITL Gateway in OM
represents an external device which exchanges simulation
packets and the WinPcap library in the operating system
Windows is used for routing user-defined filter selected
packets from the Ethernet network adapter in the sim-
ulation. The workstation on which OM runs, and hence
the simulation, is connected to the real network via Eth-
ernet interface. The simulation must run in real time to
guarantee the synchronization and conversion of packet
traffic flow inside the simulated system [9].

There are three basic network topologies for simula-
tions with SITL:

e real-to-sim (communication between real and simu-
lated network),

e real-sim-real (communication between real networks
trough simulated network),

e sim-real-sim (communication between simulated net-
works through real network).

OM contains a range of predefined applications that
can be adjusted as necessary. Video transmission is pro-
vided by the application named videoconferencing. We
can set a frame size and frame rate and even some net-
work parameters. This represents an opportunity to com-
pile the required data flow model of video sequences, but
does not allow visualization and change of the specific
parameters of the video streams. An interesting solution
in this respect is the connection of real systems with the
simulation in the OM environment. Using this variant we
can connect real network device that will generate and
also receive real video streams to simulated network that
will transport these streams during the simulation. Ac-
cording to the selected characteristics, type and topology
the simulated network affects the transmission parame-
ters of the real video content. Thus it is possible in the
simulation environment to design very complex and ex-
tensive networks and it is easy to test them with real
applications.

5 SIMULATIONS

Taking into account the facts mentioned above an ap-
proach that considers the connection between the real
equipment and a simulated network in the OM environ-
ment has been chosen. SILT ensures connection between
real workstations and the simulation. OM provided video
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Fig. 8. WLAN delay (resolution 1280 x 720)

transmission through the simulated WLAN. The real in-
volvement topology consisted of three workstations. On
the first workstation PC-1:VIDEO SERVER there was
the video server. As a video server software we deployed
Wowza Media Server 3.1.0. It is a powerful streaming
server which covers the delivery of video to various media
players and devices. Workstation PC-2: VIDEO CLIENT
displays and also stores the transmitted video using VLC
media player version 1.1.11. Workstation PC: OM, where
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OM was implemented, has two network interfaces, to
which workstation server and client are connected. The
topology of a test network is shown in Fig. 2.

The simulation was carried out in the programming
environment OM. The simulated WLAN network was
created in the OM project editor. The WLAN was
composed of two wireless routers. The wireless router
WLAN AP was the WLAN Access Point (AP) and the
AP functionality was disabled on the second WLAN
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router WLAN Receiver. Both WLAN routers were con-
nected using the special link setl_virtual_eth_link with in-
terface sitl_virtual_gateway_to_real_world. They are like
sitl_virtual_eth_link part of the SITL module object li-
brary. Figure 3 shows the simulated WLAN network de-
sign in OM.

During the H.264/AVC video transmission simulations
we used videos of different resolutions. Selected were
three different resolutions, HD (High Definition) reso-
lution 1920 x 1280 pixels, resolution 1280 x 720 and
640 x 360 pixels. The videos were converted using the
x264 codec, which is freely available and is part of the
popular media player VLC player. All videos were saved
in mp4 format. In each simulation, the video was 3554
frames long and the frame rate was 24 fps (frames per sec-
ond). Video server created packets that are transported
by UDP (User Datagram protocol). The maximum size of
packets was 1414 B. The video server sent video streams
in the form of variable bit rate (VBR). VBR video stream
can cause high losses in transmission, unless there is suf-
ficient buffer size on network devices available, in this
case on the wireless router. For video of various resolu-
tions, the necessary buffer size varies considerably. By
decreasing the resolution the demands on buffer size de-
crease as well. During the simulation we used WLAN
IEEE 802.11g technology. WLAN transmission speed was
54 Mb/s, with the exception of the video transmission
testing at lower WLAN data rate. The main objective of
the simulations was to determine the sufficient buffer size
of the WLAN router and the minimum data WLAN data
rate for error free video transmission over the simulated
WLAN.

By resolution of 1920 x 1080 pixels we compared video
transmission for three WLAN router buffer size: 70.7kB,
141.4kB and 282.8kB. The WLAN data dropped amount
for three different buffer sizes for the transmission of HD
video (1920x1080) is shown in Fig. 4. Sufficient memory
size for lossless HD video transmission through WLAN
at a resolution of 1920 x 1080 pixels is 282.8 kB. For this
size and resolution we can achieve lossless transmission.
The delay in the transmission of HD video 1920 x 1080
is visible in Fig. 5. The WLAN data dropped amount
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for HD video resolution 1920 x 1080 at low data rates is
shown in Fig. 6. The results of the simulation show that
the necessary transmission speed of wireless network is at
least 12 Mb/s.

Buffer size by the video transmission at lower resolu-
tion, namely 1280 x 720 pixels, was: 35.35kB, 70.7kB and
141.4kB. Comparison of WLAN data dropped amount of
the video stream is visible in Fig. 7 and the transmission
delay in Fig. 8. This simulation shows that for lossless
transmission of video of that resolution (1280 x 720) it
is necessary to have a buffer size of 141.4 kB. Compari-
son of transmission losses at WLAN data rates 2, 6 and
9 Mb/s contains Fig. 9. The lowest bit rate, where signif-
icant losses were recorded was at 6 Mb/s. The lowest bit
rate, which causes no losses by video streaming through
WLAN of this resolution, is 9 Mb/s.

Properties of the transmission of low video resolution
640 x 360 pixels were tested for AP buffer size of: 7.07 kB,
21.21 kB and 42.42 kB. Lossless transmission allows the
size of 42.42 kB. Comparison of losses by the video trans-
mission of resolution 640 x 360 pixels with varying buffer
size is summarized in Fig. 10 and the relayed delay in
Fig. 11. Resolution 640 x 360 has low bandwidth require-
ments as reflected in the results of subsequent simula-
tions. Relatively large losses and the associated delays are
still reported at a rate of 1 Mb/s. Almost lossless trans-
mission is possible by transmission speed of 2 Mb/s and
completely lossless transmission at 5.5 Mb/s. Results of
the loss comparison at WLAN datarate 1, 2 and 5.5 Mb/s
for low resolution 640 x 360 pixels is shown in Fig. 12.

6 CONCLUSION

The amount of simulated WLAN load scenarios with
different parameter settings showed the possibilities and
limitations in the video transmission of various resolu-
tions in the OM environment. H.264/AVC standard has
proven to be a suitable video encoding format to ensure
the highest possible video streams transmission quality
with relatively low requirements on the communication
network. An important factor has been presented accord-
ing to which there have to be sufficient network resources
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in terms of WLAN data rate and adequate buffer mem-
ory size for handling the VBR video. Shortcomings of the
transmission of VBR video stream could be removed ei-
ther in the process of video encoding, or by ensuring fixed
bit rate on the video server site. That solution would re-
duce the load of network components. The delay varia-
tions can be sufficient and in balance using the cache on
the video decoder. The only problem at the current state
of technology which cannot be satisfactorily resolved is
the transfer of HD video at low bit rates.
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