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A Combining Scheme to Reduce Power Consumption in
Cooperation and Cyclic Code for Wireless Sensor Networks
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Abstract In this paper, our goal is to find a power-effective protocol that improves the accuracy of
transmission in sensor networks. Therefore we propose a cooperative communication protocol based on
MRC(Maximal Ratio Combining) and cyclic code. In our proposal, one sensor node assists two others to
communicate with a clusterhead that can get diversity effect and MRC can improve diversity effect also. The
proposed protocol with cyclic code can correct error up to 3-bit and reduce decoding complexity compared with
convolutional code. Simulation results reveal proposed protocol can save the network energy up to 6dB over
single-hop protocol at BER(Bit Error Rate) of 102

Key Words : Cooperative communication, Wireless security, Physical layer, Channel coding, Generator matrix

transmission of data use single~hop and multi-hop. But
they are not well suited to the unique features and

I. Introduction

Recent advances in wireless sensor networks have
enabled the development of
multi-functional nodes.

application requirements of wireless sensor networks.

low-cost and  Efficient energy utilization is a stringent design

sensor Therefor sensor  criterion for sensor networks since each sensor node

networks can be used for various application areas[1].
A sensor node has the capabilities to collect data and
rout data back to other nodes or a high rank
administrator. In traditional Wireless Sensor networks,
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must operate for several months on a single battery[2].
In addition, reliable communications over wireless
channels, have a serious problem of fading due to
multipath propagation. It can be mitigated using
diversity effect at transmitter and receiver by
deploying multiple antennas at transmitter and using
advantages  of

combiner at receiver. The
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MIMO(Multiple-Input Multiple-Output) systems have
been widely acknowledged, to the extent that certain
transmit diversity methods. However, sensor devices
may not be ablei to support multiple antennas due to
size and power limitation or other constraints. To
overcome these restriction, a new technique, called
cooperative transmission, was bom which allow
single-antenna devices to reap some of the benefits of
MIMO system and similar diversity effect. And
through using combiner at the receiver, we can get
more effective diversity effect without additional
deveces and power[3]-110].

There are three kinds of combiners EGC(Equal Gain
Combining), MRC and SC(Selection Combining).
Depend on types of combiners, diversity effect reveal
differently and we prove the best combiner is MRC.
When evaluating the performance of Decode-and-
Forward (DF) relaying system or repetition coding{13]
on Rayleigh fading channels using Maximal Combining
Ratio (MRC) combining technique[l14] at the
destination, we usually deal with the problem of finding
the expression for pdf of a sum of independent
Basic method of
cooperative transmission are amplify and forward,
decode and forward and hybrid and forward. Amplify
and forward send massage to relay and destination at
the same time. At relay amplify received signal and
retransmit it. And noise amplify also that degrades
BER performance. Coded cooperation take same
processing but at the relay, after correct received signal
and retransmit it. This protocol reveal highest BER
performance in three. In additional hybrid and forward
compose above protocols, it has the worst performance
among three protocols6]-[8]. Decode and forward
appears to be a proper choice in wireless sensor

exponential random variables.

networks because it shows the lowest complexity and
high performance.

Wireless channel has random behavior and error
control coding is essential part. The convolutional code
is widely used as FEC(Forward Error Correction)
method in the most popular wireless communication

systems(9]. However, it presents a fragile property in
burst error and very complex. So we propose cyclic
code in wireless sensor networks. The encoding and
decoding of cyclic codes implemented by shift registers
with very low cost and negligible hardware complexity.
Therefore, it is easily to make a proposed protocol
brings a considerable energy saving due to high BER
performance,

The rest of the paper is organized as follows. Part
2 presents the proposed cooperative transmission
protocol. Then the simulation results that compare the
performance of the proposed protocol with conventional
protocol in part 3. Finally, the paper is closed in part 4
with a conclusion.

Il. Proposed Cooperative Transmission
Protocol

We investigate a communication protocol have
power saving efficiency for wireless sensor network. In
single-hop protocol, sensor node sends its data directly
to the clusterhead without the help of any intermediate
node. In multi-hop protocol, data transmission has to
pass through several partners before reaching the
destination. The partners role is to simply decode the
data it receives from the preceding node and again
encode the message prior to retransmission to the next
node. The destination detects the original data only
based on the signal received from the last node which
is nearest to the destination. It is shown that protocol
can only extend range or save transmit power but
achieves no diversity gain. However, in cooperative
transmission protocol, we can get power saving and
diversity efficiency also. This protocol is an extension
of the multi-hop protocol where the receiver combines
the data from the desired source node and all its
partners instead of only from the last partner as for the
multi-hop protocol. Consider a certain protocols as
shown in Fig. 1. The information sent from any source
node can reach its clusterhead in the following ways.
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Fig. 1. The Protocols of sensor networks

To make use of cooperative transmission protocols
most efficiently with low power consumption and
low—complexity protocol is our final goal in this paper.
We assume that each source node is equipped with an
encoder and decoder of cyclic codes, a BPSK modem,
a single-antenna for both reception and transmission,
and a perfect carrier-frequency and carrier-phase
synchronizer.

We denote the transmitting source node as S, its
partner node as P and clusterhead as C. The proposed
protocol consists of two time durations. In the first time
duration, S encodes a K-bit input data (dK -+ d1) with
an (N, K) cyclic code to generate a N code-chip
codeword (cN -+ «cl). This codeword is
BPSK-modulated and up-converted to the carrier
frequency before being sent over the channel in Fig. 2.

Specifically, if the output signal of the modulator is
aln] which takes values +1 and -1 with equal
probability where n denotes nth code-chip interval, the
transmitted signal corresponding to aln] is

Se(t) = \/2Psaln]cos (2rft) « P(t—nT) @O
where fc is carrier frequency, p(t) a unit-amplitude

rectangular pulse with Tc-width, Tc the chip duration,
PS the average power of S.

Coted daia, First Time Stol
o
o dApEdae i
ey S o\ —
‘Ih -

Sanrce Nade

Fig. 2. The Proposed protocol — First time slot

At the same time, both P and delay block receive the
faded noisy versions of SS(t) as

Rgp(t) = \/2Pga galnlcos (21 f, + B g(t)) @
o P(t—nT,) +nglt)

Rgo(t) = \/2Psagalnleos (2nf,+Bg(t)) (3
o P(t—nT,)+ng(t)

where o gp is the fading amplitude caused by the
channel between S and P, C. @g(¢), 4-(t) capture
the fading phase and propagation delay. nSP(t), nSC(t)
are also Gaussian random variable with zero-mean and
the same varance. Exact phase and frequency
synchronization have also been assumed. '

Now, the signal processing at P works as follows.
First, the received signal RSP(t) is down-converted
and integrated over a code-chip duration. The
integrator output is then sampled every TC, resulting
in the following signal at the time instant n'TC. And
nSP[n] is same as nSP(t).

Rgpln] = \/2Psagp[nlaln]) + ngpln] @

Second, delay block stores N values of RSClnl, n=
1,--+ N, in the buffer. However, P has to perform much
signal processing. It continues BPSK-
demodulating partner node to generate the estimated
code—chip of dn as

more

6)

Then N code-chips are fed to the cyclic decoder.
Decoded data K bits are considered as input data of the
partners encoder.

In the second phase, the partner sends the estimated
data of S to the destination. Generating the transmitted
signal at P is completely similar to that at S. That
means data is passed through the encoder in Fig. 3.
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Sceond Time Slot

Fig. 3. The Proposed protocol — Second time slot

Partuer Node

Therefore, P forwards the signal in (6) to the
clusterhead as its turn is reached.

Sp(t) = \/ﬁ’;a[n]cos(%fct) « P(t—nT,) ()

The above signal is also affected by the channel
fading and AWGN at C.

Rpo(t) = \/ﬁam[n]a[n]cos 2rft+dp(t)
o P(t—nT,) +npt)
%)

The received signal RPC(t) and expression (3) are
down-converted and integrated over a code-chip
duration. The integrator output is then sampled every
TC, resulting in the following signal at the time instant
nTC. Similarly, as in the first phase, we obtain the
signal at the output of the sampler of C as

Recln] = v/2Psagclnlaln] +ngln] (8)
Rpeln] = \/2Ppapclnlaln] +npolnl )

Now, the clusterhead combines the signal received
from delay bolck given in (8) which is available in its
buffer, with that from its partner in (9) to detect each
original chip—code. It requires the amplitude of path
gains, o, ape between S, P and C are Rayleigh
distributed(|a g f, e pf” is  exponential distributed

random variable with mean Agq, App).

‘ ReylO] | ov [Re [N < 1] Delay |— \
l Rc,z[ol cz[ - |
[ i |

-
Fig. 4. Combining technique at Clusterhead

-

For combining two signals from P and S we use
combiner. We compare different combiners to find
different effects.

1) Case of EGC:
Rln] = sign| Real %%Rsc[n] 10
‘am{n” Rm[n]
2) Case of MRC:
Rln]= sign(Real( ol RgIn] + a}c[n]Rpc[n]))
(1

3) Case of SC:

If |Rgolnl|> |Rpelnl|

Rln]= sign(Real(a*SC[n]RSC[n]))

else

Rln] = sign( Real(apeln] Rpclnl)) (12)

Then N code-chips (RIn], n=N....,1)are packed into a
block and fed to the decoder to restore the transmitted
data. The clusterhead detects data using combiner and
get diversity effect.

ll. Simulation Result

Assuming that the channels between sensor nodes
are independent. This is possible since the sensor
node’s antennas are relatively far apart from each
other. Moreover, all channels experience fast and
frequency-flat Rayleigh fading plus AWGN. They are

constant during one chip period but change
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independently to the next. All protocols are associated
with the (23,12) cyclic Golay code of the generator
P o 1 y n o m 1 a 1
g(X) = X}, + Xy + X; + X; + X+ 1. This code
can correct up to 3 errors[9].

For a fair comparison, it is essential that the total
consumed energy of the cooperative system does not
exceed that of corresponding single-hop protocol. This
is a strict and conservative constraint. Applying this
energy constraint requires Pg = Pp =P T/ 2 where
P, is total power of the system which is also the
transmit power of sensor node in case of single-hop
communications.

To capture the effect of path loss on overall

)‘25P= (dsz)/dszp)ﬂv

For suburban environment, we

performance, we use
Moo= (dgy/dpc)”.
have (3=3 and only this case is considered in the
simulation. In addition, we assume the partner is
located on a line between S and C, and the direct path
length S-C is normalized to 1.

,,,,,,,,,,,,,,,,,,,,,, S
- -___I-____I-__-_-3-__---zC - +CYC|ICCOO‘D‘1
77777 - - - -4 - - - - -~ ~I— 4 —&—poposed 1
***** o s — - -~ — - codedcoop [

U O '_ ] —w—muttihep | |
—— singlehop |
T SInglenoP |

3
SNR (dB)

Fig. 5. The Performance of Protocols.

The proposed cooperative transmission protocol
always outperforms the single-hop protocol, multi-hop

protocol and conventional coded cooperation protocol.
Cyclic code attached in conventional coded cooperation
and compare with proposed protocol. Coding gain is
4dB only near by BER of 10-2. The proposed protocol
using MRC(d=0.2) perform better than conventional
coded cooperation protocol with cyclic code.

Fig. 4 compares the optimal BER performances of
protocols via SNR. At the target BER of 10-2, the
proposed protocol can save the system energy above
4dB and 6dB in comparison to the multi~hop and
single-hop cases, respectively. In addition, energy
saving keeps increasing proportional to the higher
performance requirement, which is represented by the
steeper slope of BER curve in the cooperative case than
those in the other cases.

Fig. 5 compare the three combiners to observe
diversity effect of different combiner. The protocols are
designed according to above numerical formula
(10)-(12). We compare three most popular combining
techniques and found that MRC maximize the
performance over EGC and SC at Fig. 5. SC and EGC
have similar performance. We compare with d=0.2 and
d=0.4 which are distance between S and P and at d=04
performance of the system is better.

— | ~C—EeGc=0.2) E
| —k— SC(@=0.2)
—— MRC(0=0.2)
—— 8C(d=0.4)
—@— MRC(d=0.4)

—$— EGC(d=0.4)

SNR (dB)

Fig. 6. The Performance of Combiners (d=0.2,
0.4).
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V. Conclusion

The proposed protocol increases a significant energy
efficiency without requiring additional implementation
complexity for sensor networks. This was confirmed
by simulation results under the fast and flat Rayleigh
fading plus Gaussian noise. The MRC based proposed
protocol improves the performance of about more than
6dB over the single-hop protocol. Energy saving that
the cooperation achieved is equivalent to prolonging
sensor network lifetime and better satisfying the
critical design condition of wireless sensor networks.
Therefore, the cooperation scheme with cyclic coding is
feasible technique for the future wireless sensor
networks.
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