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Abstract

In this paper, we propose a real-time transcoding system
to generate contents for mobile networks. Video transcod-
ing is widely used to change storage formats. However, as
far as the authors know, it has not been proposed to gen-
erate real-time contents. We implement and evaluate an
indoor video service that delivers transcoded contents to
wireless Pocket PCs via IEEE 802.11b multicast. We pro-
pose a generic methodology for mobile video planning.

1 Introduction

Many new digital video services have been recently pro-
posed. It has been necessary to develop new transmission
protocols (DVB-S [1] for satellite, DVB-T for terrestrial TV,
DVB-C for cable, RTP for Internet...) and media encoding
standards (MPEG-2 [2], MPEG-4 [3]...).

Among those services, we have witnessed the exponen-
tial growth of media stations that transmit their contents via
the Internet, including TV companies that transmit the same
contents they deliver via traditional transmission systems.
MeasureCast [4] reported that Internet audience of media
stations had a growth of 129% in 2001.

On the other hand, IEEE 802.11 wireless LANs have
been very successful in the last two years. The rapid growth
of this technology has opened new horizons in telecommu-
nications and has suggested new services that rely on user
mobility [5]. Wireless LANs may expand the audience of
Internet media stations to mobile users.

In this paper, we propose a real-time transcoding system
to generate contents for mobile networks. Video transcod-
ing is widely used to change storage formats. However, as
far as the authors know, it has not been proposed to generate
real-time contents. Although the philosophy in this paper
can be extended to alternative video sources (all major open
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TV channels are broadcasted via terrestrial radio, cable and
satellite), we have chosen satellite TV because of its ubig-
uitous access. We implement and evaluate an indoor video
service that delivers transcoded contents to wireless Pocket
PCs via IEEE 802.11b multicast. We have focused on IEEE
802.11b because it has been the first legal sub-standard in
the European Union. Due to EU regulations, IEEE 802.11a
was not immediately adopted and this situation influenced
the development of the new sub-standard IEEE 802.11h, a
variation of IEEE 802.11a [6]. However, the extension of
this work to other sub-standards is straightforward. Finally,
we propose a generic methodology for mobile video plan-
ning.

The rest of this paper is organized as follows: sec-
tion 2 describes the background of this research. Section
3 presents our digital TV transcoding/distribution system
for IEEE 802.11 wireless LAN networks, and proposes a
generic methodology for mobile video planning. Finally,
section 4 concludes.

2 Background

Digital TV is usually distributed via satellite, terrestrial
radio and cable as MPEG-2 data streams over the DVB
transport protocol. Alternatively, it is possible to distribute
video via 100 Mbps cable LANs, using protocols such as
HTTP and RTP over IPv4. However, despite all the advan-
tages of LANSs, they are not scalable: IPv4 mobility, QoS
and multicast are possible but extremely difficult to imple-
ment and manage in large-scale systems. It is expected that
this situation will change with the advent of IPv6 [7].

In the field of Internet domestic access, there have been
notable advances in the last decade that have allowed new
multimedia services, such as live Internet radio or video.
The key access technologies are basically xDSL lines and
cable networks. These access networks require specific pro-
tocols to exploit user bandwidth efficiently. One of the most
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extended is RealNetworks RTSP, to display Internet videos
in real time. Besides, home PVR and DVR devices, which
will boost broadband multimedia services, will become in-
creasingly popular in the next years, thanks to the integra-
tion of media protocols in interactive television platforms.
New content providers will offer video-on-demand, person-
alized contents, etc.

An obvious possibility for mobile access is cellular net-
work transport, like 2.5G GPRS and 3GPP [8]. 2.5G user
bandwidth is severely limited (~ 100 Kbps). 3GPP is still
not available and, if it is not deployed soon, IEEE 802.11
user networks may take its place to support broadband mo-
bile services. Current previsions suggest that there will
be a hard competition between wireless VoIP and 3G net-
works [9]. IEEE 802.11b can offer a low-cost VoIP alter-
native with up to 11 Mbps and 100 m cell range. Global
ISPs, multinational companies and even public groups and
initiatives can build cost-efficient networks in metropolitan
areas. Moreover, future Wireless Metropolitan Area Net-
works (IEEE 802.16 [10]) will provide even higher speeds
(120 Mbps per channel). For these reasons, we have chosen
IEEE 802.11 to implement our mobile video service.

The rapid growth of the PDA market is another impor-
tant factor in the evolution of mobility. Some reports point
that global PDA retail revenues are likely to increase five-
fold by 2006 as units shipments will be over 85 million units
[11]. For this reason, it is expected that new PDA and hand-
held devices will include wireless/telephony features among
other advanced functions. This will enable the deployment
of new broadband multimedia services.

A good solution to generate real-time video contents for
mobile networks from available sources is a transcoding
system. The transcoding concept is not new, and has been
present in other fields, such as human-to-computer interface
adaptation [12]. However, as far as we know, none of the
existing applications work with real-time video feeds, such
as those taken from satellite TV broadcast channels. Most
of those applications work with records and webcam video
feeds. Media servers such as Darwin Streaming Server [13],
Helix Universal Server [14] or Windows Media Encoder
[15] convert files and serve media streams encoded in pro-
prietary formats, but do not take real-time streams as in-
puts. On the other hand, there are applications that are re-
ally transcoding-oriented, such as Transcode [16], a Linux
stream processing tool that admits a wide range of formats
and provides a high degree of transcoding flexibility. How-
ever, Transcode is not oriented to real-time applications and
is not designed as a media server, and consequently is not
useful for our purposes in its current form. Other examples
of transcoding tools with similar limitations are FlaskM-
PEG [17] and VirtualDub [18].

The choice of satellite as media source is due to the fol-
lowing factors:

1. In Spain, like in many European countries, all open
terrestrial TV stations are also broadcasted in digital
satellite channels. Obviously, we are interested in dig-
ital sources, to simplify the transcoding process. On
the other hand, terrestrial digital TV is currently being
deployed in Spain, but it is not accessible everywhere.

2. High quality media sources may overload terrestrial
networks. High quality is necessary because we might
want to generate transcoder output for a broad range
of user terminals, including high-resolution ones (such
as set-top boxes). By attaching a satellite dish to the
transcoding equipment, it is possible to obtain a high
quality video source.

Transcoding performance is a critical issue.  The
transcoder must be capable of decoding the input stream
and encode the output stream in real time. The satellite
input stream has a binary rate of 15 Mbps, and the most
efficient decoding approach is using a MPEG-2 hardware
decoder (like those present in DVB reception cards). On
the other hand, mobile user terminals are small and, con-
sequently, have small displays. This means that the output
stream may have a much lower binary rate, for a reasonable
subjective quality. Also, in our TV application, we benefit
from multicast transmission (it is not necessary to gener-
ate an output stream per user, just a single stream per TV
station). Taking all these facts into account, we could im-
plement the whole transcoding procedure by software, on a
Pentium III running at 800 MHz.

3 IEEE 802.11b video distribution
3.1 IEEE 802.11

IEEE 802.11 wireless LANs have been around for over
a decade, but are succeeding nowadays because of falling
costs and improved implementations.

There are two different ways to configure a network in
the IEEE 802.11 standard: ad-hoc and infrastructure. In the
ad-hoc configuration, the mobile nodes form a network “on
the fly”. The second configuration is based on an infrastruc-
ture of fixed access points (APs) that support communica-
tions between mobile nodes. Obviously, the second config-
uration imposes less constraints on user terminals. For this
reason, and since our application in section 3.2 is oriented
to closed areas where AP installation is not a problem, we
will follow the infrastructure configuration.

The physical layer transmits raw bits over the communi-
cation channel. IEEE 802.11b can support high data rates
up to 11 Mbps. In addition, IEEE 802.11 uses dynamic rate
shifting, allowing rates to be automatically adjusted under
diverse conditions. IEEE 802.11b devices transmit at lower
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Data Code Mod. Symbol | Bit/
Rate Length Rate Symbol
1 Mbps 11 (Barker | BPSK 1 MSps | 1
Sequence)
2 Mbps 11 (Barker | QPSK 1 MSps | 2
Sequence)
5.5Mbps | 8 (CCK) QPSK 1.375 4
MSps
11 Mbps | 8 (CCK) QPSK 1.375 8
MSps

Table 1. IEEE 802.11b data rates

rates (5.5 Mbps, 2 Mbps or 1 Mbps) if necessary. When the
devices move back to places where a higher-rate transmis-
sion is possible, they select it. Table 1 summarizes all data
rates available and their characteristics.

Multicast transmission is subject to an additional con-
straint. Since there is a single transmission for all terminals
in the multicast group, it is necessary to set the same AP
data rate for all of them. Thus, the clients of IEEE 802.11
multicast transmissions do not benefit from dynamic rate
shifting.

3.2 Satellite-to-IEEE 802.11 testbed

The testbed is composed by the following elements:

e A satellite dish oriented to Hispasat 1C. This satellite
covers West Europe and South America and offers all
major Spanish TV channels.

e A transcoder/media server. Its main features are:

— Pentium III running at 800 MHz with 512 MB of
RAM.
— Linux (Debian 3.0) operating system.

— A satellite card (Fujitsu-Siemens Activy 300
DVB SAT board).

e An IEEE 802.11b AP (D-Link DWL-1000 AP), at-
tached to the transcoder.

e A PDA (iPAQ H3790) with an IEEE 802.11b card (D-
Link DCF-650W) (Figure 1).

o A laptop (HP Omnibook XE3) with an IEEE 802.11b
card (D-Link DWL-650).
3.2.1 Transcoded data rate for subjective quality

In the first experiment, we estimated the transcoded data
rate required to achieve subjective quality on a PDA screen.

The transcoder computer obtains the source stream from the
satellite, transcodes it to a suitable format and serves it at an
HTTP port. The laptop emulates the presence of multiple
clients and measures average bandwidth consumption in the
wireless LAN. Finally, a real video client runs on the PDA,
to evaluate subjective quality of video output from the point
of view of the user.

e The transcoder receives a MPEG-2 stream correspond-
ing to a Spanish TV channel (composed by a 15 Mbps
video stream and a 128 Kbps stereo audio stream).
This stream is placed in a FIFO (FIFO A) for further
processing.

e FIFO A contents are transcoded to a MPEG-1 stream.
The choice of MPEG-1 is due to the limited number
of formats supported by PDA software at the time this
paper was written. The transcoded stream is finally
placed in a second FIFO (FIFO B), to be served via
the mobile network.

e FIFO B contents are served to the mobile clients by an
HTTP server at port 8080. Although HTTP is not the
best protocol to transmit video data, it was adequate
for the purposes of the subjective quality experiment.
The bandwidth overload we observed was remarkably
low (~2 Kbps).

The transcoding software is based on the following li-
braries:

e LinuxDVB is an auxiliary library to extract video and
audio streams from a satellite stream. It is part of
Siemens DVB Linux drivers [19].

o The transcoder core is based on FFmpeg [20], a library
to decode and encode MPEG streams.

The media server for subjective quality evaluation was
written in Perl. It was a simple HTTP server that could
handle multiple connections, and could be configured to
limit the maximum bandwidth served per connection. As
described in section 3.2.2, in the second stage of the study
it was replaced by a multicast channel server.

The multiple-terminal emulator was also written in Perl.
Finally, the PDA client used to visualize MPEG streams was
PocketTV [21].

The minimum rate to guarantee subjective quality was
512 Kbps (in our implementation, a 224x 176 448 Kbps
video stream and a 64 Kbps stereo audio stream). Dur-
ing the tests, and depending on content nature, transmission
rates varied between 496 Kbps and 530 Kbps. This video
channel rate allows the transmission of several channels in
a multicast IEEE 802.11b LAN.
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Figure 2. Floor map of the test area
3.2.2 IEEE 802.11b multicast testbed
In order to evaluate IEEE 802.11b multicast for video trans-
mission, we added two additional modules to the system:
o A multicast channel server: a Linux program to serve 1 Mbps | 2Mbps | 5.5 Mbps | 11 Mbps

0.00% 0.00% 0.01% 0.02%
0.02% 0.02% 0.27% 0.32%
0.02% 0.05% 0.28% 0.33%
1.29% 1.30% 16.20%

multiple streams to multicast IP addresses, encapsu-
lated in 1-KB UDP frames. This frame size guarantees
that video data is not fragmented by lower layers [22].

o A multicast client application that receives one or more
channels from the channel server. This application was
developed for both Windows XP and Pocket Windows
2002, to be used on a laptop and an iPaq H3790 PDA,
respectively. The client application measures variables
of interest in each yideo channel,. such as 'UDP packet Table 2. AP 1 UDP packet error rate
error rate, packet size and bandwidth received.

o Q| = OO = >

3.3 Planning methodology

Figure 2 shows a floor map of the test area where we
evaluated the system. APs 1 to 4 were placed in rooms A, F,

1 Mbps | 2 Mbps | 5.5 Mbps | 11 Mbps

D and G, respectively. System performance was measured A
in rooms A-H. B | 040% | 0.95% 1.55% 3.21%
Tables 2 to 5 show UDP packet error rate in IEEE C| 0.19% | 0.60% 0.91% 0.98%
802.11b multicast transmissions from APs 1 to 4, for all D | 0.06% | 021% 1.03% 2.35%
possible data rates. A blank entry indicates that the corre- E
sponding AP is unreachable. The target area is not homo- F | 0.00% 0.00% 0.03% 0.01%
geneous: the results are influenced by wall distribution and G | 040%
by water pipes and elevator gear installed in the wall that H
separates room E and rooms A-C.
We observed the following: Table 3. AP 2 UDP packet error rate

1. Subjective quality is guaranteed for error rates lower
than 0.33%.
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1 Mbps | 2 Mbps | 5.5 Mbps | 11 Mbps 1 Mbps 2 Mbps | 5.5Mbps | 11 Mbps
A | 0.04% | 0.08% 0.15% 0.72% A API,AP3 AP1,AP3 | AP1,AP3 API
B | 0.02% | 0.05% 0.10% 0.62% B AP1,AP3 AP1,AP3 | AP1,AP3 AP1
C | 0.00% | 0.04% 0.08% 0.54% C | AP1,AP2,AP3 | AP1,AP3 | AP1,AP3 AP1
D | 0.00% | 0.00% 0.01% 0.02% D AP2,AP3 AP2,AP3 AP3 AP3
E E AP4 AP4 AP4 AP4
F | 001% | 0.02% 0.03% 0.10% F AP2,AP3 AP2,AP3 | AP2,AP3 | AP2,AP3
G G AP4 AP4 AP4 AP4
H H AP4 AP4 AP4 AP4

Table 4. AP 3 UDP packet error rate Table 6. Reachable regions

1 Mbps | 2Mbps | 5.5 Mbps | 11 Mbps
A | 1.86% Therefore, in our case study, 5.5 Mbps is a good com-
Bl 927% promise between performance and cost.
C | 10.15%
D | 10.69% 4 Conclusions
E | 001% | 0.02% 0.02% 0.04%
F In this paper, we have proposed a combination of
G | 0.00% | 0.00% 0.01% 0.02% transcoding and IEEE 802.11 wireless networks to dis-
H| 001% | 0.01% 0.02% 0.02% tribute real-time video to mobile terminals. This combi-

Table 5. AP 4 UDP packet error rate

nation may be useful in environments where mobility is
necessary, such as airports, train stations, restaurants, etc.
Another interesting application is video surveillance (secu-
rity personnel may consult security cameras from mobile

2. In that case, UDP multicast over IEEE 802.11b has PDAs). The results in section 3.3 show that it is possible
an efficiency better than 90% (delivered data rate-to- to serve several PDA video channels using multicast IEEE
transfer rate ratio), which is coherent with protocol 802.11b with sat'isfacftory subjective qgality, .
overhead: the packet headers of the different layers in- Future work is oriented towards using transcoding tech-
volved (PLCP, MAC, IP and UDP) add 85 bytes to our nology to save bandwidth in core networks. We propose the
1-KB data packets. This limits the maximum num- installation of satellite transcoders in XDSL access centrals,
ber of channels to be transmitted, for a given IEEE so that TV channels can be offered to end users without im-
802.11b transfer rate. posing any burden on the backbone.

3. Obviously, all APs must transmit the same channels,

to allow terminal roaming.

With all these constraints in mind, we propose the fol-
lowing generic planning methodology to optimize system
usage:

i)

ii)

Determine the reachable region for each transfer rate,
satisfying the error rate constraint. All reachable re-
gions in our target area are shown in table 6.

For each transfer rate with full coverage, minimize the
number of APs. In the case study, we need at least three
APs (AP1, AP3 and AP4) to achieve full 11 Mbps cov-
erage, and at least two APs (AP3 and AP4) to achieve
full 5.5 Mbps coverage. This corresponds to ~ 20 and
~ 10 PDA video channels, respectively. It is not pos-
sible to save more APs by reducing the transfer rate, if
we wish to guarantee full coverage.
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