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Abstract— In this paper, a joint optimisation of source,
channel and network coding is designed using network
coding approach. This is necessary for optimal allocation
of network resources at different layers. The proposed
scheme is applied to satellite network and examined for
bandwidth optimality. Simulation results have shown
how information exchanges are efficiently performed by
exploiting network coding. Thus substantial throughput
is achieved to meet the challenges of multimedia
communications.
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I. I NTRODUCTION
Network throughput can be defined as the average rate
of successful message delivery over a communication
channel. The throughput of information transmission
within a data network is a function of network topology
and link capacities. In order to increase the throughput of
information transmission both routing and coding strategies must be considered. In addition, optimal throughput
can be achieved by performing encoding and decoding
of data at the nodes in the communication networks. This
technique of coding operation at the nodes is referred to
as network coding [1].
Traditionally, routers only forward the information
they receive while coding is restricted to source or
destination nodes. Recently, network coding has created
an opportunity for routers to perform coding at the
intermediate nodes, providing routers the capability to
mix the information content in packets before forwarding
them [1], [2], [3]. This has made network coding to
receive attention because of its ability to improve network throughput and enhance network robustness. One
of the overhead for coding generally is the computational complexity. To overcome this, network coding is
implemented in a distributed manner [4], [5]. Another
advantage of network coding include: ability to reduce

the traffic in the network and decrease the transmission
delay [6]. Many of these benefits of network coding have
been demonstrated for wired and wireless systems [7],
[8].
Source coding, channel coding and network coding
are the three main techniques that are considered in
the proposed communication systems. Already, these
techniques are largely applied separately. Currently, a
number of studies have been conducted on the joint
design of two of these techniques. The results obtained
have yielded better system throughput [9], [10], [11]. The
aim of this paper is to combine the three techniques for
improved throughput using network coding approach.
Network coding has been proved to achieve the maxflow-cut throughput on wireline packet network for multicast information transmissions [1]. Furthermore, it has
been shown with network coding that capacity can be
achieved by applying linear encoding at the intermediate nodes [12]. Investigations have also revealed that
wireless networks benefit a lot from network coding
techniques.
The use of network coding in wireless network is
more natural because the packet sent by a node can
be simultaneously detected by several other nodes. This
development has turned the broadcast property of wireless networks, which was a disadvantage into an advantage [13]. It is also possible with network coding
to design low-complexity and energy-efficient routing
schemes [14]. In order to achieve additional gain, many
papers have considered physical layer wireless network
design combined with network coding [9], [10], [15],
[16], [17], [18], while some have considered the design
of network coding combined with source or application
layer [19], [20], [21], [22].
Until recently, satellite networks have been implemented to compete with terrestrial networks. It is now
found that they may complement each other for global
coverage [23]. It is important to investigate the application of network coding for satellite systems. The
recent demonstration of network coding for satellite
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Fig. 1.

Source, channel and network coding block diagram

communications did not put many factors into consideration. Moreover, satellite channel have not been
investigated for combined source, channel, and network
coding. In this paper, in order to transmit multimedia
applications efficiently, a design of joint source-networkchannel (JSNC) coding is investigated and this is applied
to satellite channels. Parameters that affects throughput
were explored. In other words, the throughput performance of satellite network is examined for the proposed
scheme.
The remainder of the paper is organised as follows.
In Section II, system model that covers the system
architecture, the system design and implementation will
be discussed. Section III presents the simulation results.
Finally, the conclusions can be found in Section IV.
II. S YSTEM M ODEL
A. System Architecture
Figure 1 comprises of source encoder, channel encoder, decoder and network coding. In this design, an

information transmission from a source to a destination
is considered. This information is considered to be
transmitted through satellite channel after it has been
compressed. The transmitted signal is then convolutionally encoded and decoded after which network coding
is performed. The goal of compressing and encoding
are to maximise the amount of information that can be
exchanged reliably.
There are four orbit types for satellite systems: geostationary orbit, highly elliptical orbit, low Earth orbit
(LEO), and medium Earth orbit (MEO). In this paper,
Low Earth orbit (LEO) satellite communication network
system is considered to provide voice and data rate services for multimedia applications [23]. Satellite networks
make use of lower constellations such as binary phaseshift keying (BPSK), quadrature-shift keying (QPSK),
offset QPSK, pi/4 shift QPSK, and 8PSK for modulation.
This is because satellite transmission is a noisy channel
and as a result requires low signal-to-noise ratio (SNR).
Two types of constellations are considered for this system, they are: The BPSK and QPSK. These modulation
techniques are applied to the satellite frequency band
known as Ka-band (17250-36000MHz). Ka bands are
widely considered these days for satellite transmission
because of their wider bandwidth, which allows the use
of high data rate for broadband multimedia applications.
In addition, Ka band is not overcrowded unlike other
bands such as L and C bands [23]. Each satellite contains
spot beams, which are transmitted via a transponders
from gateways with directional antennae. Each antenna
is directed to the satellite in view. It is assumed that each
spot beam has simultaneous active users. These users are
exchanging information through the satellite relay in the
middle.
In this network design, 3 nodes are considered for the
satellite network model. N ode1 and node2 are design
to exchange information between each other through
node3. It is assumed that the communication takes place
in two phases. The first phase is called the uplink or
multiple access (MAC) phase and the second phase
is called the downlink or broadcast phase. During the
uplink phase, node1 and node2 transmit P 1 and P 2
through the satellite channel to node3, which relay the
information. Perfect synchronisation for the information
transmissions is assumed. In addition, average power
constant T is assumed at both nodes. The received signal
at the satellite node3 is given by
Y 3 = P1 + P2 + X

where X is the noise at node3 and is considered to
be independently identically distributed (i.i.d) Gaussian
random variables with zero mean and variance σ 2 .
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Fig. 3. Simulation results comparing the current method of transmission with network coding

B. System Design and Implementation

Fig. 2.

Joint coding design

N ode3, which is the satellite node modeled the downlink or broadcast phase. This is the node that broadcasts
information signal to both node1 and node2 through the
satellite channel. In a Similar way as in the uplink model,
average power T transmission is assumed at node3 and
the noise variance at the two nodes is also assumed to
be σ 2 . Furthermore, it is assumed that communication
at the uplink and the downlink are orthogonal. In other
word, the uplink frequency or timeslot is different from
the downlink frequency or timeslot. This is normal for
satellite system because satellite communications are
transmitted in two separate frequency bands to prevent
interference between the uplink and the downlink transmissions. As a result, satellite communication is viewed
in 2n−dimensions allocation, where n−dimension is
allocated to the uplink and another n-dimension is allocated to the downlink.

Figure 2 represents the simplified version of the
system architecture. It illustrates the system design and
overall implementation of the transmitted signals. On the
sending side, from node1, a message P 1 is encoded by
the source encoder, and the compressed message Q1 is
encoded by channel encoder. A modulator encodes the
bit sequence to create complex samples of the signal X1,
which is transmitted over the channel to obtained Y 1.
The results are passed unto decoder 1 at the receiving
node3. The final result is represented by P ′ 1. Similarly,
message P ′ 2 is received from node2. In addition to the
process, network coding is performed. This is done by
XORing or linear combination of P ′ 1 and P ′ 2 and is
given as
P 3 = P ′1 ⊕ P ′2
III. R ESULTS

AND

D ISCUSSIONS

As explained in Section I, the current method of
processing information does not permit coding at the
intermediate nodes. Thus, routers just forward the packets they receive. With the proposed method, routers are
more intelligent because they can perform coding at
all the nodes thereby improve the network throughput.
Figure 3 shows how network coding improves the information transmission on a network. This is further
illustrated by comparing the network coding, which is
the proposed scheme with the current routing method of
data transmission on the network. In practice, network
coding can recover packets efficiently because the lost
packet is part of a linear combination of transmitted
packets. Thus time for completion of a transmission
when packets are coded is reduced especially at the
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Fig. 4. Simulation results comparing end-to-end transmission, endto-end coding and full coding

lower rates considering wireless networks. This explains
why network coding has throughput gain over normal
routing. It can be concluded here that network coding is
one of the solutions for achieving efficient multimedia
transmission.
In Figure 4, three schemes are compared, the end-toend retransmission, end-to-end coding and full coding.
The traditional routing, which is end-to-end retransmission is implemented with an optimal uplink scheme and
it is compared with end-to-end coding and full coding.
This is a step further to explore the potential of network
coding. The end-to-end retransmission is equivalent to
the normal routing system where information is only
forwarded without coding but transmission errors are
overcome through packet retransmission techniques. The
end-to-end coding is also the current and improved system of recovering from transmission errors. Packets are
recovered by performing coding at both ends only. That
is, at the sender side and at the destination. Full coding
is the proposed scheme whereby coding is performed at
all the nodes in the network. This scheme is compared
with the existing method of processing information. It is
observed that the throughput of end-to-end coding and
full coding scheme outperform end-to-end transmission
in wireless channels. Also, as shown, network coding
achieved the best throughput. It is assumed that MAC
does not experience collisions or backoffs.
Furthermore, different channels are considered and
their bit error rates (BER) are determined by simulation. It is necessary to demonstrate the behaviour of
the proposed scheme in different environments. The
additive white Gaussian noise (AWGN) and the satellite
environments are considered. The proposed joint sourcenetwork-channel coding (JSNC) scheme is implemented
for multiple access satellite channel and AWGN channel.

Fig. 5. Simulation results for bit error rate (BER) of system applying
joint source-network-channel coding (JSNC) and separate sourcenetwork-channel coding (SSNC) for the multiple access satellite
channel and AWGN channel

In the first scenario, separate source-network-channel
coding (SSNC) scheme are assumed. In the second
scenario, joint source-network-channel coding (JSNC)
scheme are assumed. The first scenario is tested on both
satellite and AWGN channels and the second scenario is
also tested on both satellite and AWGN channels. These
two scenario are compared and the simulation results are
presented in Figure 5. The BER is determined against
the signal-to-noise ratio (SNR). The diversity gain is
observed from the slope of the error rates curves. This
diversity difference is occurred as a result of using different schemes, that is, SSNC scheme and JSNC scheme.
As shown, although SSNC achieved substantial diversity
gain, however it traded-off the performance. This is
because it could not efficiently exploit the redundancy
which is contained in the transmission. In other words,
JSNC outperformed SSNC in term of BER.
IV. C ONCLUSIONS
The designs of joint source-network-channel coding
for the bi-directional relay problem where two nodes
wish to exchange information through satellite networks
are considered. Both uplink and downlink phase using satellite channels are modeled and the proposed
scheme is shown to have throughput improvement over
traditional scheme. Also, BER simulation reviewed that
the proposed scheme has better error performance over
the existing system. Furthermore, the proposed scheme
simulation results have shown how information exchange
are efficiently performed by exploiting network coding
and other components of the communication system.
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The network coding approaches have been shown to
be applicable to simultaneous satellite network users. It
has been demonstrated that satellite systems can take
advantage of joint source, channel and network coding
for optimal system throughput which multimedia applications required.
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