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Abstract

The exchange of independent informatiorwbeh two nodes in a wireless network can be vieased
two unicast sessions, corresponding to informatiians-fer along one direction and the oppositectiva.. Many
schemes are applied to achieve this say Convehtimhame and Cooperative Diversity Scheme. Inphjser we
propose a scheme called Network coding where,adsté simply relaying the packets of informatibey receive,
the nodes of a network will take several packets @mbine them together for transmission. This lmarused to
attain the maximum possible information flow in etwork. Network coding is a field of informationetbry and
coding theory. The observations show that netwem#ting scheme has better energy efficiency thanother

schemes.
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Introduction

A Wireless Sensor Network consists of spatially
distributed autonomous sensors to monitor physical
environmental conditions such as temperature, sound
vibration, pressure, motion or pollutants and to
cooperatively pass their data through the networlat
main location. The more modern networks are bi-
directional, also enabling control of sensor atyivirhe
development of wireless sensor networks was matilvat
by military applications such as battlefield sulagice;
today such networks are used in many industrial and
consumer applications, such as industrial process
monitoring and control, machine health monitoriagd
so on. The WSN is built of "nodes" — from a few to
several hundreds or even thousands, where eachisiode
connected to one (or sometimes several) sensoch Ea
such sensor network node has typically severakpart
radio transceiver with an internal antenna or cotion
to an external antenna, a microcontroller, an edeat
circuit for interfacing with the sensors and an rgge
source, usually a battery or an embedded form efggn
harvesting.The information exchange in a Wireless
sensor Network is shown in fig.1. The topology bé t
WSNs can vary from a simple star network to an
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mesh network.

wireless

advanced multi-hop

Figure.l An example scenario of infor mation exchange, a
&b aretwo wireessrouters, each having packetsto be
routed to other

Cooperative diversity allows a collection of
radio terminals that relay signals for each other t
emulate an antenna array and exploit spatial diyeirs
wireless fading channels. Cooperative diversitywad
wireless terminals to obtain improved reliabilityda
substantial energy savings by relaying messagesafci
other in order to propagate redundant signals over
multiple paths in the network. This redundancy \afo
the ultimate receivers to essentially average abati
channel variations resulting from physical channel
effects such as fading and shadowing or from
interference caused by intentional jamming.

The core idea of network coding is that each
node in the network combines previously received
packets and forwards the combination to neighboring
nodes, instead of storing and forwarding individual
packet. This leads to fewer transmissions and lieliss
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to save transmission and reception energy. It e b
shown that considerable capacity gain and energynga
can be obtained in many wireless networks. The
combination of network coding and WSN in this pobje
will not only reduce energy consumption, but also
enhance the reliability and security of WSN.

Architecture
A. Schemesin WSN

Taking the dynamic environment of WSN into
consideration, network coding is brought forward to
WSN system in this paper. Figure 2 shows the
cooperative diversity scheme and network coding
scheme. Under the combination of network coding and
multi-path data transmission, multiple copies of
independent data encoded from the same set ofagata
transmitted through multiple paths to ensure the
reliability of data transmission.

La) Ly
Different schemesin WSN (a)Cooper ative diversity scheme;
(b)Network coding scheme

Cooperative diversity is a cooperative multiple
antenna technique for improving or maximising total
network channel capacities for any given set of
bandwidths which exploits user diversity by decgdine
combined signal of the relayed signal and the direc
signal in wireless multihop networks. A conventibna
single hop system uses direct transmission where a
receiver decodes the information only based orditest
signal while regarding the relayed signal as ietexnfice,
whereas the cooperative diversity considers thesroth
signal as contribution. That is, cooperative diitgrs
decodes the information from the combination of two
signals. Hence, it can be seen that cooperativerslty
is an antenna diversity that uses distributed araen
belonging to each node in a wireless network. Niost
user cooperation is another definition of coopeeati
diversity. User cooperation considers an additiciaak
that each user relays the other user's signal while
cooperative diversity can be also achieved by rndp
relay networking systemd-or cooperative decoding, the
destination node combines two signals received fitoen
source and the relay nodes which results in therslity
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advantage. The whole received signal vector at the
destination node can be modeled as:
T

I= [Td,s Td,r]T = [hd,s hd,rhr,sts + I \ﬂ ‘hd,r‘z +1 Mg = hIS + Qg

1)
where gsand g, are the signals received at the
destination node from the source and relay nodes,
respectively. As a linear decoding technique, the
destination combines elements of the received bigna
vector as fO”OWS:H

=W T 2)
whereW is the linear combining weight which can be
obtained to maximize signal-to-noise ratio (SNR)trod
combined signals subject to given the complexiwelef
the weight calculation.

Cooperative relaying can be used to reduce the
energy consumption in sensor nodes, hence lifetime
sensor network increases. Due to nature of wireless
medium, communication through weaker channels
requires huge energy as compared to relativelyngao
channels. Careful incorporation of relay cooperatito
routing process can selects better communicatioks li
and precious battery power can be saved.

~Bestination D
I
F1
|
I

st Tnalion W

Cooper ative diversity scheme and network coding scheme

The cooperative system consists of 2 source
nodes, 1 destination receiver and 2 partner ndeigsire
3(a)), operating under the selection decode-andsiat
cooperative diversity scheme. In the first phase of
selection decode-and-forward, the source-to-degtima
transmission is also received and decoded by thtegra
If the partner is able to decode the source’s ngessa
correctly, as determined by a CRC check, it forsard
message to the destination in the second phasanitie
the partner does not retransmit the source’s messilg
assume that the destination receiver combines the
messages it receives from the source and partieg us
optimal diversity combining.

In a Linear Network coding problem, a group of
nodes P are involved in moving the data from Sa®ur
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nodes to K sink nodes. Each node generates a new
packet, which is a linear combination of the earlie
received packets on the link, by coefficients ia tinite
field.
A message generated sQiX related to the received
messages My the relation:

5

i A
Xﬁ; = E Q;; . .E?'.Jt'
i=1 ()
Each node forwards the computed

value X along with all the coefficients used in
the kth level, The values are the coefficientsmirthe
Galois field GF(2s). Since the operations are cdegbu
in the finite field, the result of the operationailso of the
same length, as the size of each vector M.

Each node produces a similar output, as
computed above.This yields a linear problem of the
type X = GM, where with the knowledge of theX,G we
need to compute M. Each of the receivers in K, tary
solve this linear equation, and for which at lepatkets
must be received. The received packets are cofilnua
used in  the Gaussian  elimination method to
reduce G matrix into the row-echelon form. Finalhe
resulting values of X = GechelonM are solved to
obtain M.

B. Performance Analysis of the cooperative diversity
scheme and network coding scheme

We can get theBLER (block error rate) of Cooperative
diversity scheme as

BLERcoor=BLERARBLERap+ (1-

BLERAR).BLERApBLERRp

(4)

whereBLERr is the BLER of the source A-to-partner R
transmission BLER,p is the BLER of the source A-to-
destination D transmission, aBil ERzp is theBLER of
the partner R-to-destination D transmission.

In the network coding scheme, With only onetpear
R, the information transmitted from both A and Bhca
now be retrieved correctly. For example, if the
destination fails to decode,X yet Xz and X; both arrive
correctly, then the destination D can recovep. X
Similarly, if the transmission from B fails, gXcan be
retrieved if neither X nor Xz fails. We assume that
source A and B only transmit one message block
(100bits) separately in our study. The BLER of seuf
can then be computed as:

BLERyc=BLERAp(BLERsg* (1-BLERAR)
(BLERRpBLERg+ (1-BLERRp)
(BLERgr+(1-BLERgR)BLERgp)))

where BLERR(BLERgR) is the BLER of the source

A(B)-partner R transmission, BLER(BLERgp) is the

BLER of the source A(B)-to-destination D transmissi
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and BLERyp is the BLER of the partner R-to-destination
D transmission. In the two systems, we assumethieat
source-to-destination, source-to-partner, and padtt
destination communication channels are indepenitkent
Rayleigh slow fading channels. And BPSK modulai®n
used throughout the systems. A closed-form exmessi
for the exact BLER of BPSK in Rayleigh fading isve;
thus we adopt a high-SNR approximation for BLER :
BLER=K/SNR (6)

whereK is a scaling factor anld = 3.2 for a message
block size of 100 bits.

Performance Evaluation

In this section, we present the numerical results
for the systems discussed in the previous sectibos.
simplicity, no coding (such as distributed channel
coding) is used other than the network coding. All
channels are modeled as normalized Rayleigh faaliitg
the transmission distanakis set to 50m. SysteBLER
of direct transmission scheme, cooperative diversit
scheme and network coding scheme with the change of
total energy consumptiol per message block are show
in Figure 4. From the result, we can learn thatBhER
of network coding scheme has better performance tha
cooperative diversity scheme, when the transmission
power(per block) is in a relatively low level, tiB:ER
performance of network coding scheme is still gbad
level. So network coding scheme is more suitable fo
low-power transmission in WSN.
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Figure 5 shows the systeBLER with the change of
transmission distanad, whereE is set to 15uJ. From the
result, we can easily see that network coding seheas
better performance. The greater the distance is, th
greater advantage network coding scheme gets than
cooperative diversity scheme.

Deployment of WSN
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Decode and Forward to Destination Node

Bﬁw\zatuns Haces Syen @ S [ W o fispn, 1oom )

Hle Yiws Awisis |

]
« |« | m e | ow 5352%5!‘&:%7%1% ‘

g
|
5%
E
9
5
_m )
i
‘ ‘\I\HI\‘\\HIH‘H\I\HW\I‘HHm‘\\HIH‘I\HH\MH\H‘HHHI‘HI\H\‘\I\HH‘I\H\H‘H\I\H\HI\H‘HI\H\‘\I\HI\‘HHIH‘\HI\H\HI\H‘H\H\I‘H\HI\‘\H\IH‘I\H\H‘HHH‘\H\HI‘HI\H\‘\I\HH‘I\H\H‘H\I\H\HI\H‘HI\H\‘\I\HI\‘\H\IH‘\HI\H\HI\H‘HHHI‘\H
" m T
[t (@ san-rie. |[[@ w-fesr. |5 zentifn. | @ noobeal. [ namaid. | 0 tancors. | ]

Fig 6 to 9 shows the overall implementation of awaek
coding and represents the transmission of datagusin
network coding method. This leads to fewer
transmissions and thus helps to save transmissidn a
reception energy. It has been shown that consitierab
capacity gain and energy saving can be obtained. We
have given a network coding solution for informatio
exchange, assuming synchronization is availabiksli
are lossless, and links have unit capacity and deiay.

In real networks, however, packet transmissions are
subject to random delays and losses on every 8nH,
links have essentially unknown capacities, whichy\as
competing communication sessions begin and end.

Transmission using Network Coding
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Conclusion

In this paper, we identified information
exchange in wireless networks as a new application
scenario where network coding can over unique
advantages over conventional routing. Network cgdin
together with the physical layer broadcast property
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offered by the wireless medium, can improve the
efficiency in using resources by facilitating plodi
piggybacking. To realize the advantages in practtds
possible to make use of the practical network agdin
system, since information exchange can be treadea a
virtual multicast session. Observing the specialcstiral
features of the current problem, in this paper we
proposed a distributed and robust scheme thatripler

to implement and incurs less overhead than thetipahc
network coding system.
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