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ABSTRACT

Recent development in microelectronics and signal processing
enable more efficient use of wireless sensor network. Wireless
sensor network finds its applicability in different area where
the access of human being is so constrained. The sense data is
being sent to the far situated user with the help of sensors. The
different challenges of a wireless channel are bit error rate,
signal attenuation and fading that occur in a wireless channel
due to its unpredictable nature. Apart from this, using sensors
for data transmission lots of energy is being consumed due to
various mentioned constrained of wireless channel. A sensor
mote is battery operated and fixed available power leads to
network which posses a fixed life time. Thus lots of
researches have been done at various layer of communication
to reduce the energy consumption of a sensor during the
communicating the sense data. In this paper a scheme has
been proposed to implement MIMO system in hierarchical
clustering protocol and the results shows that above a certain
distance a cooperative MIMO technique is more energy
efficient than the conventional hierarchical clustering
protocol.
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Abbreviations-mimo: Multiple inputs multiple outputs;
SISO: Single Input single output; STBC: Space time block
code; BER: Bit Error Rate; WSN: Wireless Sensor Network;
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1. INTRODUCTION

Now the days WSN has come out to be the most promising
technology for addressing the various challenges in the field
of habitat monitoring, agriculture, object tracking, military
systems, industrial, home automation etc. sensor networks
find their application where the manual deployment of nodes
are difficult. The sensor nodes are operated by battery which
has the limited energy. Recent development in wireless sensor
network have increased the requirement of high data rate and
increased quality of service but it is difficult to fulfill these
requirements in resource constrained network such as WSN
[1]. Limited life time of WSN deter the complete exploitation
of WSN. Various researches have been done to enhance the
life time of WSN. Clustering is the method which is adopted
in the network to reduce the energy consumption of each
individual node deployed in the network. LEACH [2] is an
important clustering protocol that used to conserve the life
time of sensor network. With the advent of MIMO technique
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it has been proved that it has been proved that by using
multiple antennas at the transmitter and receiver side will
assist to produce less distortion in the message signal this
MIMO has been successfully implemented in the cellular
network. MIMO technique can efficiently reduce the energy
consumption in the transmission of data in a wireless fading
channel this effect has been shown in [3], [4].

However it is difficult to implement this technique directly in
a sensor network because a sensor node is so small that it
cannot have multiple antennas possessing multiple antennas is
also a very energy draining for a sensor mote. Thus
cooperative technique is used among the sensor node in which
multiple antenna share their antennas for the data transfer [5]
and results shows that this could be an energy efficient
method for conserving the energy.

Sharing antennas by the cooperative node leads to achieve
spatial diversity technique at the transmitter side [5].

Implementation of cooperative communication leads to
situation where the synchronization among the node become
necessary, the effect of losing the synchronization among the
cooperative nodes have been studied in [6], the effect of co
channel interferences in MIMO based WSN and their
performance is shown in [7].

Space time block codes are being used in MIMO implemented
WSN this has been studied in [3], [8], and [9]. a clustered
sensor network can efficiently find the cooperative node for
the data transmission. A Cooperative communication in
clustered WSN is being used in [6], [9], [10] and [2].

The proposed technique implements the MIMO system in
hierarchical clustering protocol. This is achieved by enabling
MIMO between the cluster head and a sensor node. The
results depicts that proposed scheme is more energy efficient
than the hierarchical clustering protocol above a certain
distance.

2. PROPOSED TECHNIQUE

The proposed scheme implemented a MIMO system in
conventional hierarchical clustering protocol in order to
enhance the life time of sensor network. The system model is
shown in the following figure in which it is assumed that the
clustered network in which node have joined their respective
cluster head and now the cluster will transmits its data to the
base station. It also being assumed that clustering has been
take place in the network by any suitable hierarchical
clustering protocol such as LEACH [2].

The given figure 1 shows the randomly deployed sensor
network in the network. The circle represents the randomly
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deployed sensor node and the cross at the middle of the
network represents the sink node.
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Figure 1: Deployed Sensor Node in the Network

In the conventional clustering protocol the next step is the
formation of clusters and then data transmission to the base
station these two steps are depicted in the next two figures:
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Figure 3: Cluster Head Sending Sense data to Base Station

In the above two figure the circle which are yellow colored
are the cluster head black arrow are representing the node
which are associated with the particular cluster head and the
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arrow which is in blue color represents the finial data
transmission to the base station.

In the proposed scheme when all the node send their sense
data to their respective cluster head the cluster head will select
one node as a cooperative node which will simultaneously
send the data with the cluster head. This node along with the
the cluster head send the data. This data transmission is done
by enabling the STBC. In the given figure green nodes are
representing the cooperative node.
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Figure 4: Cluster Head Selecting Cooperative Node

The selection of cooperative node is based on the signal
strength. The nearest node will send the highest strength
signal based on this calculation the cluster head will declare
the cooperative node apart from this any optimal scheme will
be suitable for the selection of cooperative node. It is totally
depends on the designer choice that what kind of rule is
selected for deciding the cooperative node.
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Figure 5: Final data Transmission to the Base station

In the above figure green nodes are the cooperative node and
they are transmitting data to the base station along with the
cluster head there is a possibility that the cluster head may
selects more than one node as a cooperative node so the whole
picture may be represent in the following fashion.
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Figure 6: Scenarios When Cluster and When Cluster
head and Cooperative Node transmitting data

In the above figure the first part shows when there is
conventional hierarchical clustering protocol when there is
one sender that is cluster head and the one receiver which is
sink. In the second part it is shown that when there is one
cluster head with one cooperative node the third parts have
generalized our approach in which there is (n-1) cooperative
node which are transmitting data to the sink. The h represents
the gain of wireless channel for a particular wireless channel.

The modeling of above problem is being done in simple
MIMO transmission and reception problem with the
conventional SISO problem under the same BER and
throughput condition. The analysis of per node energy
consumption over a long range of communication is also
being done. It is assumed that the Alomouity diversity code
for the data transmission in the MIMO system. Binary phase
shift keying (BPSK) has been consider to model the energy
consumption in the network.

In the results it has been shown that for the short range
communication conventional MIMO system is not as much
energy efficient but as the communication range will increase
this will be more energy efficient.

3. ENERGY CONSUMPTION
CALCULATION

Cconsidering the general communication model [11] in which
the wireless communication link betweenen the two nodes has
been shown. In the proposed system the transmitting node are
two or more and there is only one receiving node which is
sink. In other there are three possibility whether the
SISO(single input single output) or MISO( multiple input
single input). To calculate the per node energy consumption it
is required to involve all the circuit and signal processing
block involving in the wireless communication link. Some
blocks which involve in the communication are avoided in
this calculation such as source coding pulse shaping and
digital modulation blocks this can be the extension for the
future work. It has been also assumed that the wireless system
is encoded thus no error correction block has been considered
while calculation the energy consumption. During the
calculation of per bit energy consumption during the
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transmission from the cluster head and the cooperative node
to the base station. The energy consumption in clustering and
local communication that is the communication within a
cluster is neglected because energy consumption in the long
haul communication that is the communication from cluster
head to the base station is quiet large then the local
communication and clustering.

The resulting signal transmitter blocks and receiver blocks has
been shown in the given figure [7]:
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Transmitter Circuit Block

Figure 7: Circuit Block involved during the transmission
of Signal
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Receiver Circuit Block

Figure 8: Circuit Block involved during the Reception of
Signal

In the above figure M, is the number of transmitting antenna
and M; is the number of receiving antenna. In the proposed
solution M,=1 while the number of transmitting antenna M, is
varying from one to certain fixed value.

Similar to the SISO mentioned in [12]-[13] the energy
consumption in the SISO can be divided into the two
important section the energy consumption in the power
amplifier Ppa and the energy consumption in the other circuit
blocks P.. The energy consumption in the power amplifier is
depend upon the transmit power and the transmit power is
calculated with the help of link budget relationship [14].
Considering the square law path loss model which can be
given by:

(4md)?

P .=FE, xR, x
out™%b b GGyA2

MN; (1)

Where E, represents the per bit energy at the receiver for
given BER, Ry is the bit rate, d represents the transmission
distance G; representing the transmitting antenna gain and G,
representing the receiver antenna gain M, representing the link
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margin which compensates the hardware process variation
noise and interference and N; is equal to noise level of
receiver circuitry

Np=— (2)

N; Represents power spectral density of total noise at the
receiver and Ng is single sided power spectral density of
thermal noise. The value of Ny=-171 dbnvHz at 27 °C (Room
Temperature).

The power consumption in the power amplifier can be
approximated [12]

Pp = (140) Py 3)

In the above equation a = ({/m)-1 where ( is magnitude of
peak to average ratio which mainly depend upon the
modulation scheme related to the constellation size [13] n
specified the draining efficiency of power amplifier.

The other part P, which is the circuit block consumption can
be approximated by the given equation:

Pe= My(Ppac+Pumix +Prine) ¥ 2Psyn * My (P a+Prix +Prpa+
Prir+Papc) (4)

In the above equation  Ppac.Puyix, Pfilta Psyn
Prvar Puix Prras Privr Papc are representing the power in
the digital to analog converter, the mixer, low noise
amplifier(LNA), the intermediate frequency amplifier (IFA),
the active filters at the transmitter side, the active filters at the
receiver side, the ADC, and the frequency synthesizer,
respectively. In order to calculate all these value the model in
[13] is adopted.

Thus the per bit energy consumption for given fixed rate is:

_ (PpatPc)
Eyy = CPATO 5)

It is assumed that Alamouity diversity code have been used
for the MIMO system. The Alamouity code for M=2 has been
shown in [15]. From the results in [16] has been shown that in
Rayleigh fading channel MIMO system have lower
probability of error for than conventional SISO system due to
transmit diversity gain. In other words for a given throughput
number of transmission in MIMO is lessor than the SISO
system.

The system parameter has been considered from [11]

System Parameter

f.=2.5 GHz n=-35
G, G,=5 dBi 0% =72 =174 dBm/Hz
B=10 KHz B =1
Pix=30.3 mW Pyyn=50 mW
P,=1073 11
Prye = Priyy =2.5mW P,y 4=20mW
N;=10 dB M,= 40 dB
Table 1

It is assumed that the channel gain between the transmitter
and receiver is scalar or in other words there is exist a
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Rayleigh fading channel between the transmitters. Apart from
the square law path loss model the signal is further attenuated
by the fading matrix H in which each entry is a zero-mean
circulant symmetric complex Gaussian (ZMCSCG) random
variable with unit variance [17]. It is assumed that that the
fading occur in the channel is fixed when the transmission of
code word takes place.

Now considering the Alamouity 2x1 scheme that is number of
transmitting node in the cluster are two and number of
receiving node is one.

H= [hy h,] (6)

The SISO case is the special case of MIMO in which H=[h;].
The instantaneous SNR can be given [17].

_ lInl12Ep
M¢Ng

Yb M¢=12 0]

The average value of bit error rate is given by [17]

Py=ey {Qy 25} ()]
Applying the chern off bound [17]

E
Py )™ (©)
Taking the upper bound
Mg Ng
Ep< (10)
" by e

By taking the bound as equality the total per bit energy
consumption is formulated for the proposed MISO and
conventional SISO system as:

M¢ Ng X(47Td)2
(Pb)l/Mt GtGTAZ

4. RESULTS AND DISCUSSION

The value of E, can also be calculated with the help of
numerical computation. The E;, can be calculated by randomly
generating the 10000 channel samples according to (8) at each
communication range after inverting the desired value is
obtained. This solution and Chern off bound is shown in the
following figure.

M,N; + P—b (11)

Epie= (1+a) R
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Figure 9: Long haul Per Bit Energy Consumption in Joule
Chern off Upper Bound
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The graph depicts that the upper bound taken is quiet loose.
Thus it can said that numerical method will be the more
suitable method for the calculation of E, thus substituting the
value of E in (1) and further (5) and (6), the value of E;; over
a transmission distance d in meter can be obtained. This graph
has been shown in the in the following figure:
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Figure 10: Long haul Per Bit Energy Consumption in
Joule Numerical Method

From the above graph it can be observed that over a long haul
distance d=60m the SISO system is more energy efficient than
the proposed MIMO system but as the distance further
increases from 60 m MIMO system outperforms the SISO
system and emerges as a more energy efficient system. But
when considering the total transmission energy consumption
the following results shows that proposed two transmitting
antenna system will far better the conventional SISO system
and this is because transmit diversity gain.
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Figure 11 Total per bit Energy Consumption in Joule in
Numerical Method
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Figure 12: Total per bit energy consumption in Joule
using bound approximation

In the above depicts that if calculating the energy
consumption using the bound approximation the cross over
point changes than the numerical solution method because of
looseness of bound.

5. CONCLUSIONS AND FUTURE WORK

The results show that MIMO technique is more energy
efficient than a SISO technique in a Rayleigh fading channel
but this could be contradictory if considering the circuit
energy consumption. The results also shows that the for the
short range communication the SISO is more energy efficient
than MIMO but as the communication range increases MIMO
system will become energy efficient. Thus for a long range
communication, proposed technique will be more energy
efficient than a SISO technique.

The dependence of energy consumption over constellation
size is not being considered, this could be a extension of this
work an optimal constellation size will help to further reduce
the energy consumption of the network.
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