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ABSTRACT

The Passive sensor nodes are operated in a very low power
regime i.e. -10dBm to -30dBm. Due to this fact, there is a
high chance of data to be lost or severely corrupted due to
overcome of noisy environment. In order to tackle this prob-
lem it was suggested that node cooperation is able to combat
this. Node cooperation is very helpful in order to take the data
node by node until to the final destination, rather to send di-
rectly from source to destination. This work is achieved by
first modelling an empirical system consists of single relay,
source and destination. And the two relaying protocols (SF
and DF) were modelled and implemented. This approach is
then extended for three relay nodes and the two sets of relay-
ing nodes were implemented again on every single node. The
output performances were compared, and further improve-
ment was seen by channel coding.

Keywords: wireless Passive Sensor Networks, Node Co-

operation, Channel Coding

1. INTRODUCTION

In wireless sensor networks, signal is severely degraded by
the multipath signals which can be compensated with the use
of diversity. Taking the advantageous of diversity, the destina-
tion node accumulates or combines all the received signals
received via independent links and makes the final decision
upon the transmitted bits. This characteristic of sensor net-
works is called the cooperative attempt and is always there
when they are active. Sensor nodes, with this property en-
hance their quality of service and offer good BER compare to
the conventional mode of communication. The senor nodes
make use of their processing capabilities to locally carry out
simple calculations and send out only interested data [5]. This
approach or capability of WPSN can offer spatial diversity
against fading in a wireless channel4 [22]-[23]. If there is no
direct line of sight or having difficulty in communication, then
one sensor node help another, called relay node in order to
accomplish transmission from source to the desired destina-
tion [23]. This cooperative behaviour is adopted by each
sensor node in the network along with the normal communi-
cation responsibility.Node Cooperation results in various
trades off in terms of resources e.g. data rate and transmit
power. Because in cooperative mode if there are “N” number
of sensor nodes, then the total power would be divided into
“N” number of portions and with that individual part of the
total power, the data would be transmitted to each node.
Hence, total power available at the single node divided and
thus it is reduced for all users because of diversity [24].The
scenario that this work will consider would assume that all
nodes work in the same band and therefore the source node
will behave in broadcast manner, while the destination node is
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in multiple channel access modes as depicted in the following
figure 1. Channel between each pair of node is independent
and have random effect on data.
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Fig 1: A 2 hops relaying system

Cooperative behaviour of sensor nodes created new ap-
proaches to enhance the sensor lifetime, low cost and multi
functional operation in the sensor field. This approach created
spatial diversity against fading in a wireless channel. In the
case of sever fading channel, the source node is assisted by
the relay channel to reach the information to the destination.
This is basically done by the node relaying protocol called AF
and DF. If the received signal SNR is below the threshold,
due to which transmission is made unsuccessful, therefore
message is encoded, re-encoded and retransmitted towards the
destination. This decision is taken by the relay node on the
single bit feedback, broadcasted by the destination that is at
least reliably received by the relay node. Information is either
corrupted by Reflection, Scattering or Diffraction etc. or due
to the Small Scale Fading effect of the channel.

2. SYSTEM MODEL, APPROACH AND
ACHIEVED RESULTS WITH DIS-
CUSSION

When signal is transmitted over a long communication path,
the received signal is observed in a different form than the
original. The envelope amplitude of this signal when observed
would seem to be fluctuating as the time passes by. This effect
is caused by “fading”. This effect puts some limitations on the
system design. However, if different signals are received, then
fading over one path is different than another [34],[35].
Therefore if copy of the same signal is received via different
links, then it is rarely happen that all channels are severely
faded but it is good for reducing fading effect. This technique
is called “diversity” which improves the combined signal to
noise ratio and process of combining these signals at the re-
ceiver is called “Maximal Ratio Diversity” or Maximum
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Ration Combining (MRC) [36],[37].

Data
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SYSTEM DESIGN:Data passed through each relay node
would be passed through the process shown by the following
block diagram but only if the serving relay is choosing DF
mode for retransmission of the received signal.

\ 4

Encoder

User Decoder |«
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Y

Channel

DeModula-

Fig 2: Block diagram of a Digital Communication Process System

Block diagram shows that initially, the data source ran-
domly generates bit stream of Os and 1s. Data stream is passed
through encoder. Half convolutional encoder would be used in
system design, which will introduce redundant bits equal to
the information bits i.e. each information bit would have one
redundant bit. The encoded bits would be modulated using
different modulation schemes e.g. BPSK, QPSK etc. The
modulator would generate a set of finite time duration wave-
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Results-1: One Relay Coded system using BPSK, QPSK
and 8PSK schemes
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Fig 4: One Relay outputs using BPSK

One Relay output using BPSK. The unity power is shared
between relay and the destination node i.e. source transmits
data towards relay and destination with half power.

forms and will provide mapping between the encoder output
and the generated set of waveforms. The modulated signal is
passed through flat fade channel and channel state information
is known at the receiver. Channel introduces multiplicative
noise but at the receiver, the received signal is also distorted
by the AWGN noise. At the receiver, the same modulation
scheme is used to de-map the signal and user data is decoded
from the de-mapped signal.
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Fig 5: One Relay outputs using QPSK
One Relay output using QPSK. The unity power is shared
between relay and the destination node i.e. source transmits
data towards relay and destination with half power.
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Fig 6: One Relay outputs using 8PSK
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One Relay output using 8PSK. The unity power is shared
between relay and the destination node i.e. source transmits
data towards relay and destination with half power.

Discussion of Results-1:Figure 4-6, show the bit error proba-
bility of three types of transmission mode over a range of
SNR. These are the outputs of a coded system using % rate
convolutional code. The performance is observed over three
types of different modulation schemes and throughout it is
found that AF takes full advantage in terms of providing less
transmission error compare to other two.

But there is obvious change in error probability when the
number of sensor nodes increased. The reason is that, each
sensor node has now more choices to achieve path diversity
and to transfer the desired data over various paths. This offers
more capability to combat fading and achieve.

When number of relay nodes increase, the serving node
will equally distribute the total available power among all
relay nodes and with that fraction of power, the data would be
sent to each relaying node including destination node.

Power consumption should be at minimum if there are
more relays available to help the serving node. This statement
will also be proved at the end of this section. Moreover for
comprehensive results, it is important to extend the model for
multiple relaying nodes. The above model is for single relay,
while in practical scenarios, a network consists of many relay
nodes. Therefore, model is extended for multiple relays as
depicted by the following diagram.
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Fig 7: Diversity in Multiple nodes using Repeater Mode

In Figure 7, it is only one transmit antenna and 4 receive an-

tennas. Each receive antenna has a distinct and independent

experience of channel effect. The received data (r2, r3 and r4)
Substituting the values in equation 3
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at relay R1, R2 and R3 is amplified by the corresponding
power factors which are introduced by each relay node dis-
tinctly.

At the destination, these are combined to evaluate the re-
sultant SNR. Since each relay simply amplifies what they
receive, therefore at the destination node, each received data is
having the channel effect through which the received data had
passed. Therefore, received data is equalized at the destination
and then the user data is extracted after decoding. Mathemati-
cal analysis for the repeater mode is as follow.

Suppose, Signals received by destination node and R1 as

D~ \/P_Shs,DS +'95,D

Ys.rt =/ PsNs piS + %5 g
Ysp and Y rocorrespond to rl and r2 in above fig-

@

ure. Each received signal has flat fad channel effect denoted
by hS,D and hS'Rland is different from each other. Each
transmitted data is multiplied with a randomly varying com-
plex  number hS,D and hS,Rl' Since the channel

considered in this model is Rayleigh channel, therefore real
and imaginary parts are Gaussian distributed with “mean = 0”
and “variance = %,”. Also the noises are distinct on each link
and are uncorrelated with respect to the noise received by
each antenna.

Destination nodes receives signal via relay as

Yrip =+ PRl (yS,Rl)th,D + '9R1,D
OR

rs= \ PR1 (\/ Ps hs,RlS + ‘9$,R1)hR1,D + ‘9R1,D
(2)
Since the channel is known at the receive antenna, there-

fore the destination node equalizes the two received signals
and combine them as

MRC _ yS,Rl + le,D

*
hS,Rl hS,Rl th,D

®3)

—\/P_S '95 R1 \/;(\/—hs R18+‘93 Rl) '9R1,D
- S

hS R1 hS R1

*
hS R1 th,D

—\/—S '95 R1+\/;(\/—hs RlS) \/_'95 RL ‘9R1,D

*
hS R1 hS,Rl th,D

PRl l98 thRl D + l9R1 D

SRl SRl
—\/_S+'I§Z§+,/PR1 S+

MRC(r1,r5) =

hS R1 S R1 \l 4&1{_% @lS + 95 Rl)thD + "9R1D

hS,Rl

Rearranging the signal and noise part of the equation

= \/FSS + /PP S+
H(_/ _
Signal Power

*
hS,Rl th,D

l9S,R1 + \ PRllgs,thRl,D +8R1,D

h*h 4)
S,R1 SRy RLD
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This is the combined signal of land r5. However each
signal passed through each relay path could be worked out in
the same fashion.

At the destination node, the received signal has the signal
and noise power as shown in equation 4. The ratio of the ex-
pectation of signal power to the expectation of noise power
gives SNR and could be written as.

S

éz lslS,Rl 19S,Rl + ‘9R1,D
hS,Rl hS,Rl*th,D
oNR = P+ PP’
0

In our system model since various SNR would be applied
to see the error performance; the performance of which could
be seen from equation above. As the SNR increases, the noise
factor is dominated by the signal factor and thus error prob-
ability is expected to be decreased constantly.

Each relay also has the choice to select the DF mode for
retransmitting the received message as it could be seen in the
following diagram.
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Fig 8: DF Mode D|versity in Multiple nodes

Each relay in above diagram first decodes the signal. The
decoded bits are retransmitted via the distinct channel to the
final destination. At the destination node, four uncorrelated
signals are received and equalized individually. The equalized
signals are combined using MRC to evaluate the resultant
SNR. Mathematical analysis for the DF mode is as follow.

In a most simple case, suppose the destination node in

figure 8 receives two uncorrelated signals I'l and 11 e.g.

rl=ysp = \/P_shs,DS +8p

ril= Yrip = PPS_DF th,D S+ '9R1,D

(6)
Where S are the information bits decoded by the relay
node in advance. The relay node retransmits these bits with a

new power factor represented by “Ps DF”. The equalized
signals are combined at the destination node such as.

MRC(rL r11) = 750 4 Yo
S,D R1,D
_ \/P_shs,DS + 195,[) N PPs_DF th,D S+ ‘9R1,D
hS,D th,D
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Re-arranging the signal and noise part of the equation 7
4 4
JMRC(rLriY) = JPS + [Py o SRy TRED
S,D th,D
®)
2
Py S +4/Pr; S
g CWP S+ PyS) o
(427) o1 %0 | o
hS,D hR1,D
SNR — Ps552 + I:)R15R12
0
(10)

Results-2: 3 Relays Un-coded system with BPSK, QPSK
and 8PSK
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Fig 9: Three Relays outputs using BPSK

Three Relays outputs using BPSK. The unity power is shared
among three relays and the destination node i.e. source trans-
mits data towards relays and destination with one fourth
power.
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Fig 10: Three Relays outputs using QPSK
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Three Relays outputs using QPSK. The unity power is shared
among three relays and the destination node i.e. source trans-
mits data towards relays and destination with one fourth
power.

Three Relays Outputs using 8PSK
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Fig 11: Three Relays outputs using 8PSK

Three Relays outputs using 8PSK. The unity power is shared
among three relays and the destination node i.e. source trans-
mits data towards relays and destination with one fourth
power.

Discussion of Results-2: Results showing very obvious
changes when number of relays are increased i.e. the error
probability decreases when relaying nodes are changed from
one relay to three. For example in BPSK the BER in One
relay is slightly above from 107 at 28dB, while the same bit
error rate is achieved at nearly 25dBs in the case of three re-
lays.

This could be further improved by the channel coding as it
could be seen from the following results.
Results-3: Channel Coding for 3 node relaying system using
BPSK, QPSK and 8PSK.

Coded system for 3 Relays using BPSK
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Fig 12: 3 Relays outputs using ¥ Convolutional Encoder
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Coded system of 3 Relays using QPSK
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Fig 13: Coded system of 3 relaying nodes

Coded scheme of 3 relays outputs using 8PSK
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Fig 14: Coded system of 3 relaying nodes using 8PSK

Discussion of Results-3: Results were improved by the use of
channel coding. Comparing figure 9 and 12, the same BER of
10°® is achieved at 26dB in un-coded system, while in coded
system; this is achieved at nearly 17dB SNR.

Results-4: 3 Relays outputs transmit data with total available
power.

The system performance was observed to be improved further
when transmitted the received data with maximum power. If
compare the results of figure 9 with 15, it would be found that
error probability reduces nearly 1.5 times with full transmit
power. The results with different modulation schemes could
be observed from the following figure 15, 16 and 17.
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Fig 15: 3 Relays transmission with total available power
using BPSK
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) 3 Relays Outputs with Full Transmit Power using QPSK
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Fig 16: 3 Relays transmission with total available power
using QPSK

3 Relays Outputs with Full Transmit Power using 8PSK
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Fig 17: 3 Relays transmission with total available power
using BPSK

3. CONCLUSION

The cooperative system performance was investigated in
chapter4 for two types of communication e.g. Cooperative
communication with two relaying protocols and direct com-
munication between source and destination. First of all, it has
been proved from all graphs, the cooperative communication
is always winning in multiple relays, no matter it is compared
to AF or DF i.e. it provides low BER compare to un-
cooperative communication, which provided that cooperative
transmission offers spatial diversity against fading. Also it is
reported that channel coding further improves the efficiency.
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