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ABSTRACT

Sensor nodes usually operate on small batterids ne#tricted sources of energy in the wireless @ens
networks (WSNs). Energy efficiency is one of thestmeritical concerns for it. Clustered topology asdtle

is important method of saving energy with some athges of managing conveniently, using the energy
efficiently, and fusing the data easily. This pamgéres an improved Alamouti strategy between the
transmitting cluster and receiving cluster in wéiged sensor networks after analyzing the model dl@gs
communication. In this new strategy, a scheme afigmitting nodes selection is proposed in order to
improve the efficiency of transmitting. The strategfjusts the number of nodes participating codpera
transmission according to the channel charactevdmt the data sensor nodes and sink node. Sirmsgatio
show the results of energy consumption among optigarithm, bound algorithm and random algorithm.
And the superiority of the new scheme is confirm@dme rules are given in the process of the simounlat
analysis.

K eywords. Node Cooperation, Chernoff Bound, Wireless Sensor Networks, Alamouti Strategy

techniques in sensor networks. They mainly
consider using MIMO for diversity gain, which
improves the quality of the link path. With a given
BER threshold, a better link in turn requires lower
R, and transmission energy is saved. In [5],
ayaweera proposed virtual V-BLAST MIMO
iased communication scheme can provide
ignificant energy savings in wireless sensor
networks. As reported in [4][6][7],such distributed
fimo techniques can offer considerable energy
s%vings in cooperative wireless sensor networks

1. INTRODUCTION

In wireless sensor networks, Clustered topolog
schedule has such advantages: mana
conveniently, use the energy efficiently, and fus
the data easily, etc. With good expansibility an
robustness, it has become an important direction 9
topology study of WSNs [1].

The power consumption of sensor nodes is
critical issue since each node must operate on

smgle bgttery for several months. I.n add't'c.meven after allowing for additional circuit power,
typical wireless channels suffer from signal fadm%ommunication and training overheads

which, for a given average transmit power, . : S
T - . In this paper, we analysis Alamouti n*n(n=1,2)
significantly reduces communication capacity and : : .

cheme in dense clustering wireless sensor

range. For a slow flat fading channel, channel . :
- o . hetworks, and give some rules to  improve
coding does not help [2] and spatial diversity may, - mouti strategy in it
be the only effective option that can either reduce '
the average transmitting power or increase capacity
MIMO system is another technical trend in recent
years. Compared with single input single output
(SISO) system, only by reasonable overhead of
collaboration and multiple antennas at transmitter
and/or receiver end, a huge improvement in link
quality or channel capacity will be obtained[2,3].
In [4], Cui, Goldsmith and Bahai investigated the
energy efficiency of MIMO and cooperative MIMO
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Figure 1: Wireless Sensor Networks

2 SYSTEM MODEL Figure 2: Transmission Model of WSNSwith MIMO

Just like reported in [8-10], the total average
We assume two clusters: one is transmittingower consumption along the signal path can be
cluster Tx with N, nodes includingM, nodes to divided into two main components: the power
participate in transmitting message, and the dgher COnsumptions of all th? power amplifieRs, ar.1d _
receiving cluster Rx withN, nodes including the power consumptions of all other circuit
M, nodes to participate in receiving message. blocksk . _ .
The long haul distancd between Tx and Rx is _. Then the total energy consumption per bit for a
. fixed-rate system can be obtained as
much larger than the local distandg among the _
. . By = (Rat+ R)/R, 1)
nodes in cluster. Becauseddf d_, in this paper,

o ~ T Ris the bit rate.
the energy consumption in local communication is .
P. is given by [3]:

ignored.
The availability of the CSI at the source and the P » M (R, + Py + Py) + 2P, @)
destination or relays, CSI can be obtained by + M, (Rua t Buc + Bea * Py + Paoc)

training sequences from transmitting cluster. As P, . P Pw » P ., are the power

reported in [7] . L . consumption values for the DAC, the mixer, the
We assume the wireless I|nk_ n a fla'_[ _Rayle'grlow Noise Amplifier (LNA), the Intermediate

fading environment. And the fading coefﬁmeh];s Frequency Amplifier (IFA), respectively. A}, ,

1£i£ N, 1£ jEN,, is a Zero Mean Circulator

Symmetric Complex Gaussian(ZMCSCG) rando
variables with unit variance.

Time synchronization is not considered in thi
paper. Suppose the network is good in timeP, , respectively.
synchronization, the destln_atlon or relay node has P, = 1+ 1)P, 3)
more energy than cooperation node. o

W Paoc » Py are those for the active filters at
rTt]he transmitter side, the active filters at theereer

SideP,, , the ADC, and the frequency synthesizer

In the formulaf =x/h-1, n is the drain

efficiency of the RF power amplifier anflis the
Peak-to-Average Ratio (PAR) which is dependent
on the modulation scheme and the associated
constellation size [5].
P, in the Eq.(3) is given by
— . (4pd)
Pu= BRS CEDTMN, @

Where Es is the required energy per bit at the
receiver for a given BER requiremen,is the
transmission distancés, is the transmitter antenna
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gain,G, is the receiver antenna géinis the carrier x =[x XZ]T n=nfy n, n, n4]T . and we
wavelength,M, is the link margin compensating the
gin.M, g P 9™ 1so could geH  Hy, = [H|Z 1,

hardware process variations and other additive ,
background noise or interference, aht is the  |H|_ is Frobenus norm

receiver noise figure[5].

2 _ o2 g 2
IHIF=a aln| (11)
i=1 j=1
3. COOPERATION STRATEGY It is assumed that the system decodes with

Maximum Likelihood (ML), and a correct
In order to analyze the transmitting powefestimation of channel can be acquired at receiving
consumption, the channel model needs to heodes. The instantaneous receiving signal-to-noise
introduced in the first. A general case where thefgSNR) is given by [8]

are 2 transmitting nodes and n(n=1,2)nodes is ||H||2 E

considered in this paper. The output signals at th , = —E b (12)

n=2 receiving nodes are determined by the input 2 N,

through the following relationship: From Eq.(12), we can see thag, Iis
X = % -X);(ZE (5) monotonically increased withH|[’ . If we could

On the other hand, it is assumed that the systefgve better channel, we could get Slﬂﬁﬂi , and
decodes with Maximum Likelihood (ML), and Athen get smalj, , then need smal, .
correct estimation of channel can be acquired at
receiving nodes, it is also known by transmitting
nodes by TDD system or by feedback channel. V\fé
assume the wireless link in a flat Rayleigh fadin%I
environment. Then we could get fading matrix.

EXPERIMENTAL TESTING RESULTS
In order to validate the performance of the new
gorithm, we assume 20 nodes in Tx cluster and 20
nodes in Rx cluster. Other parameter could be seen

H= et L‘th (6) from tablel.
812,1 2.2f Table 1: Table Parameters
Whereh, is ZMCSCG (Zero Mean Circulator Parameters Parameters
Symmetric Complex Gaussian) random variables
i 27 N, =20 N, =20
with E{|hi| }' 1 P, =P, =2.5mw P, =15.4mW
At the receiving cluster, then receiving signal in ¢ - g =5gg; P, = 20mwW
participate nodes can be acquired ' . B
E ¢ b U @ P, =30.3nwW Pes =3mW
Y, = /? g]zi hligﬂ g'lzi ) k=2,35,6 B =10KHz
L . N 0 = -174dBm /Hz f, = 2.5GH,
L xX U é L -
L e mECEEl @ Pmsoow M, = 40cB
n, n, n n, are the ZMCSCG noise N =20 N, =20
2 Lo ) . P, =15.4mwW M, =40dB
representing additive white Gaussian noise sample
at the receiverE{|ni|Z} = No(i=1234) We focus on fix-rate system with SISO, MISO,
Let and MIMO. It is simulated for the system using
4| Alamouti schemes with BPSK modulation. Optimal
y= gﬂ (9) algorithm (N_S) is our algorithm and the bound
) ZE\ algorithm is calculated from formula (4), random
&, hliﬂ é‘lu algorithm is a selection scheme of transmission
_ B &, h,mn 1y node with random.
y_ — a.* _ h* ut
2 &,2 1,1&2@ &, U (10)
312,2 - hZ,IH 8145
= %Heﬂx+n

950



Journal of Theoretical and Applied Information Technology
31" December 2012. Vol. 46 No.2 B

© 2005 - 2012 JATIT & LLS. All rights reserved-

SATIT

ISSN:1992-8645

www.jatit.org E-ISSN17-3195

” Eb-Pb

——SISON_S
—6—sIsOrandom
107 —%— SISO bound

Pb

Figure 3: Therelation of Eb and Pb in different SO

v Eb-Pb

10

—— 2*1 alamouti N__S
—%— 2*1 alamouti random
—#—2*1 alamouti bound

102

10° 10" 10° 10° 10" 10°

Pb

Figure 4: Therelation of Eb and Pb in different 2*1

Alamouti
Eb-Pb

—+—2*2 alamouti N__S
—%—2*2 alamouti random
—4—2*2 alamouti bound

Pb

Figure5: Therelation of Eb and Pb in different 2*2

s
1

L f L L f L L L
10 20 30 40 50 &0 0 80 3

Alamouti

Consumptions per bit in different d

T

dim}
d{m}

Figure 6: Total of Consumption per bit in different
distance

951

o Consumption per bit in different d
——sis0 ' j

—4—2*1 glamouti Ni=20.random channe
—=— 271 lamouti. Nt=20.0ptimal channel

10 2‘0 SID 4‘0 f;U EID TIU éD QIU 100
d(m)y
Figure 7: Energy Per Bit Vs Distance Of Three
Algorithms

Figure 3 show the relation of Eb and Pb in
different SISO(SISO N_S,SISO random, SISO
bound). From the figure, we can see Chernoff
bound is accurate bound in the low BER region and
is loosen bound in the high BER region. In the same
time, we can get the conclusion that the more high
BER(Pb) ,the more Eb should be consumed. For
example, Eb i40 **, when Pb isl0 * ,but when Pb

is 10 ° Eb arrived isl0 *.

Figure 4 and Figure 5 show the relation of Eb
and Pb in 2*1 and 2*2 Alamouti. We can get the
similar result with the SISO. From the figures
(3,4,5), it is shown that the advantaged of the
optimal algorithm(N_S). The N_S algorithm
consumes least Eb comparing with random
algorithm and bound algorithm in the same Pb.

Figure 6 shows the total of consumption per bit
in different distance with different k=6, 3.5, 2.eW
can get the result that the best environment is k=2

Figure 7 shows the total of average power
consumption Ebt. The power consumption can be
divided into two main components: the power
consumptions of all the power amplifieBs, and

the power consumptions of all other circuit
blocksP; . It also shows that the optimal algorithm

(N_S) is best in the three schemes.
5. CONCLUSIONS

Based on the node selection cooperative
communication in WSNS this paper considers how
to select the better node to save energy in lon) ha
distance. According to get maximum SNR in Rx
cluster, the new algorithm use feedback channel to
return the ‘better transmitting node to Tx cluster,
and then the Tx cluster could select nodes to
transmit data in ‘better’ channel. This feedback
method is little complexity and could be implement
simply. This algorithm is suit to the scene that th
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clusters have a

cooperation.
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