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Performance Analysis of 1-2-1 Cooperative Protocol in Wireless
Sensor Networks
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Abstract
diversity which is equivalent to MIMO system. This protocol is enable to get higher reliability and reduction of
power consumption than those of the single-hop or multi-hop. But the 1-1-1 cooperative protocol get only the
diversity order 2 and limited path-loss reduction gain because this protocol has a single cooperative relay. We
propose 1-2-1 cooperative protocol using two cooperative relays R1, R2. The 1-2-1 cooperative protocol can

Conventional 1-1-1 cooperative protocol offers path-loss gain as advantage of multi-hop and spatial

improve path-loss reduction and increase diversity order 3. Moreover, the cooperative relay R2 attains diversity
order 2. The signaling method in transmission uses DF (Decode and Forward) or DR (Decode and Reencode)
and 1-2-1 DF/DR cooperative protocol are applied to clustering based wireless sensor networks (WSNs).
Simulations are performed to evaluate the performance of the protocols under Rayleigh fading channel plus
AWGN (Additive White Gaussian Noise).

Key Words : Cooperative protocol, WSNs, DF, DR, Diversity gain

Therefore, MIMO system have been introduced. MIMO
system has multi antennas at transmitter and receiver

| . Introduction

In wireless communication, signal distortion due to
multi-path propagation is a serious problem which can
be mitigated using spatial diversity by deploying

multiple antennas at transmitter and receiver.
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can increase amount of information that each antenna
transmits each different information and also that
system has the coding gain as diversity effect by using
STC (Space Time Code). But it is difficult to apply
multi antennas into wireless devices such as mobile
phones, laptop computers, personal digital assistants
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(PDAs), senor and etc. Therefore, a new class called
cooperative communication has been emerged. It is
enables to exploit virtual multiple antenna among
distributed single antenna wireless equipments.
Recently, cooperative protocol is issued in wireless
communication fields and studied as follow. [1]-[5]
introduce AF (amplify-and-forward), DF
(decode—and-forward), DR (decode-and-reencode) as
signaling process methods at cooperative relay. Results
of simulation show the advantage of cooperative
protocols that have better performance than those of
direct transmission. [6] considers not only diversity
gain but also path-loss reduction by placing the relay
in  between the
cooperative protocols are wireless communication
technique to increase reliability of system and to attain
energy saving. These advantages of cooperative

source and destination. Thus,

protocol is very useful to be applied to wireless sensor
networks (WSNs). However, the performance of the
1-1-1 cooperative protocols is restrictive that it have
only diversity order 2 and limited path-loss reduction
because of only using one relay. Here, this paper
proposes 1-2-1 cooperative protocol that increase the
advantage of the conventional protocols. The proposed
1-2-1 cooperative protocol uses two cooperative relays
(R1 and R2) and gets higher path-loss reduction and
diversity order 3 at D, while the 1-1-1 cooperative
protocols get diversity order 2 (sl Moreover, R2 gets
diversity order 2. Thus, we can apply 1-2-1
cooperative protocol to clustering based WSNs. For
analysis, this paper the
performances with only 2 relays but, the transmission

convenience shows
method is applied to networks with the increasing
number of relays such as 1017

The paper is organized as follows. Section I
presents the proposed 1-2-1 cooperative protocol and
cluster based wireless sensor networks with the
proposed protocol. Monte-Carlo  simulations are
performed in section Il to verify its validity and to
compare the reference communications schemes.

Finally, section IV summarizes and concludes this

paper.

Il. Proposed 1—2—1 cooperative Protocol

1. protocol model

In this section, we propose 1-2-1 cooperative
protocol in Fig. 1. To consider path-loss, a network
geometry is examined where cooperative relays (R;, Ry)

e TEV0E BIOL 1 e o TS SOt 2 ww - P Time Siot 3

Fig. 1 1-2—-1 cooperative protocol

lie on a straight line between source (S) and
destination (D). The direct path length S-D is
normalized to be 1. We also denote di, do as the
distance between S and R; or S and Ry, respectively.
All nodes equipped with single antenna transceiver
sharing the

investigation. In addition, each node can not transmit

and same bandwidth are under
and receive signal at the same time to mitigate
complexity
attenuation over wireless channels and insufficient
electrical isolation between transmit and receive
circuitry make a node’s transmitted signal dominate
the signals of other nodes at its receiver input.

implementation since  considerable

Towards this end, we adopt time division multiplexing
(TDM) for channel access in this paper.

The 1-2-1 cooperative protocol considers signaling
method as DF or DR when the relays transmit data to
next relay or D. S transmits its data to R;, Ry and D
in time slot 1 (a solid line in fig. 1). In time slot 2, R;
processes the received signal in accordance with
signaling method (DF or DR) and then transmits the
data to R and D (a thin dotted line in Fig. 1). In the
same time slot, The Ry combines the received signal
from R; with the previous signal from S in buffer of Ry
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using MRC (Maximal Ratio Combining). Here, we get
the diversity order 2. Then we recover the desired data
by signaling process of Ry In time slot 3, the Ry
transmits the recovered data to D (a thick dotted line
in Fig. 1). The D also combines all received signal from
S, R1 and R2 using MRC and then recovers the desired
data using ML (maximum likelihood) criterion. For fair
comparison, we allocate same total transmit power Pr
to single-hop, multi-hop, 1-1-1 cooperative protocol
and 1-2-1 cooperative protocol: the transmit power of
single-hop Ps=Pr, each transmit power of using one
relaying case Ps=Pr=Pr/2, each transmit power of
using two relaying case Ps=Pri=Pro=P1/3. The P,
denote transmit power at i.

2. channel model and Signal processing
Now, 1-2-1 DF cooperative protocol (R; and R, are

DF) performs as follows.

® Time slot 1

AtD:ySD=aSD\/F;a+nSD M
R;: ySHl=0451%1\/?;(H—nm1 2
TR = Sign (Re (a;RlySRl)) 3
Ry: Ysgr, = g, \/ﬁ;aJr Tsg, @)

where: a €{—1, 1} as BPSK modulated values
and oy is the coefficient of the slow Rayleigh fading

between transmitter i and receiver j, n.; is AWGN

ij
(Additive White Gaussian Noise) sample at j. y;; is
the received data at ;. sign(.) is a signum function. *
is conjugate function and Re(.) is real part of a complex
number. 7; is the recovered data at j. Total transmit

power of the system denotes Pr. If P, is the transmit
power of node i, Ps, Pr; and Pr; are P1/3 while the each
nodes of 1-1-1 cooperative protocol have Pr/2
individually. In the time slot 2, R; transmits the
recovered data in (3) to Rz and D.

® Time slot 2

At R, : Yrr,= %R, PerR]+anR2 5)

a*SRZ \/_P—S 0‘;2132 vV PR,
T Y, T 5 G

= o, SR, A Yrr,
rg, = sign(Re(y)) @
D:ypp=agpy/Pp TR T TRD ®

2 . . . . . .
o; is varlance of gaussian noise of j. We mention

that the characteristic of the propose protocol attains
diversity gain between S and D. Thus, R2 combines

Ysg, ad Yp p using MRC and we receive higher

reliability data at R2.

® Time slot 3

AtD:yR?D:aRZDWPRZTRQ_‘_nRzD (9)

a*SD PS aRlD V PRl
= s Yspt 5 Yrp (10
op Op
03201/P32
t % Yrp
Ip
rp = sign(Re(a)) an

D combines Ysp, Yz p and ypp and also uses

MRC (10). Thus, we get diversity order 3 and the
mixed signal is recovered data as 1, -1 by (11).

1-2-1 DR cooperative protocol (R; and Ry are DR),
S transmits coded data by using channel coding in
communication system. Rl and R2 perform different
signaling process in time slot 1. R1 recovers the desired
data after (3) and then reencodes the data for
retransmission. while, R2 saves the received signal in
its buffer because R2 will receive another signal from
Rl in time slot 2.
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Fig. 2 Cluster based 1-2-1 DF/ DR cooperative
protocol in WSNs

The 1-2-1 DR cooperative protocol consumes more
energy than DF case because nodes require coding
block and the energy consumption differ with code
type. Consequently, in Fig. 2, we effectively apply
1-2-1 cooperative protocol to WSNs. Fig. 2 shows
cluster based WSNs from sensor nodes to sink using
1-2-1 cooperative protocol. We assume that the cluster
based networks from S to D has already organized at
higher layers according to range of cluster head (CH)
with propagation path and scheduling. The CHs have
the larger power than that of sensor nodes. Therefore,
we propose 1-2-1 DF cooperative protocol between
sensor nodes (SNs) and CH because SNs have
constraint resources. Moreover, 1-2-1 DR cooperative
protocol with coding gain using cyclic code is used
between CHs and Sink.

l. Simulation Results

In this section, we perform Monte-Carlo simulation
to evaluate the BER performance of the proposed
system. The channels for simulation experience slow
and frequency flat Rayleigh fading plus AWGN. For

example, the amplitude of path gain Q; between
transmitter 1 and receiver j is Rayleigh distribution

2

(equivalently, cv;; is exponential random variable with

mean )\?j) and the phase @;; has uniform distribution

in the interval [0, 271'] and they are constant during
one packet period and change independently to the next
packet.

We compare proposed 1-2-1 cooperative protocol
with single-hop, multi-hop and 1-1-1 cooperative
protocol. As we discussed in section II, the BER
performance varied according to d. Thus, we only
consider the optimal distance of relay for each protocol.

¢ 1-1-1 DF multi-hop: d=05

e 1-1-1 DF cooperative protocol: d=0.2

e 1-2-1 DF multi-hop: d;=0.4, d2=0.7

e 1-2-1 DF cooperative protocol: d;=0.1, d.=05
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Fig. 3 BER performance of the 1-2-1 DF
cooperative protocol

Fig. 3 compares the optimal performances of each
protocol with the total transmit power Pr. At the target

BER of 10~ 2, the 1-2-1 DF cooperative protocol only
requires about 3dB. Thus, the proposed protocol get
better energy saving compared with single—hop, 1-1-1
DF cooperative protocol, 1-1-1 DF multi-hop and
1-2-1 DF muiti-hop that require 13dB, 4dB, &1B, 6dB
higher energy, respectively. In addition, the proposed
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protocol outperforms the three protocols regardless of
SNR.
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Fig. 4 BER performance of the 1-2-1 DR
protocols with Cyclic code

Fig. 4 indicates the BER performance of proposed
1-2-1 DR cooperative protocol. We use the cyclic code
(2312) with the generator polynomial® given by
gp)=p +p° +p" +p°+p° +p+1 to get the coding
gain. This code can correct up to 3 bit errors. We
consider four cases (single-hop, 1-1-1 DF cooperative
protocol, 1-2-1 DF multi-hop, 1-2-1 DF cooperative
protocol) on Fig. 4. It is obvious that the performance
of the protocols with channel coding is always better
than others. 1-2-1 DR cooperative protocol has the best
performance regardless of SNR.

Therefore, we organize efficient cluster based WSNs
using 1-2-1 cooperative protocol in Fig. 5 The
transmit power Pcy of CHs is k*Ps (k=1, 2, 3, -**)
because CHs in cluster have larger energy than that of
SN. In Fig. 4, Single-hop presents BER performance of
single-hop among SN and CH. The Singlehop—k+*Ps
presents BER performance of whole network with
single-hop applied to both SN-CH link and CH-Sink
link. Coop~121-DF presents BER performance of 1-2-1
DF cooperative protocol among SN and CH.

—F+— Singlehop
—<}— Singlehop-1xPs

—5-— Singlehop-3xPs

10* -}~ Singlehop-5xPs
—&— Coop-121-DF

—>— Coop-121-DF +DR-1xPs
—)— Coop-121-DF+DR-3xPs
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SNR (dB)

Fig. 5 BER performance of the proposed WSNs
with changing CH's transmit power

Coop-121-DF+DR-k*Ps in Fig. 5 presents the BER
performance of whole network with 1-2-1 DF
cooperative protocol applied to SN-CH link and 1-2-1
DR cooperative protocol applied to CH-Sink link. The
transmit power of SN and two relays are
Ps=Pri=Pro=P1/3 and the transmit power Pcy of CHs is
Peu=1+Ps, 3#Ps, 5¢Ps. For example, the transmit power
of Singlehop-1xPs is Pcg=PS. Here, the BER
performance deteriorates due to the effect of channel in
CH-Sink. However, if the SNR increase, this line is
equal to the BER line of Single-hop. Thus, in Fig. 5,
Singlehop-1xPs gets the same performance with
Single-hop when the transmit power Pey is over 3#Ps,
while Coop-121-DF+DR get the same performance
with Coop-121-DF even if Pcy is Ps. Therefore, the
efficient communication protocol from SN to CH in
cluster is most important to keep the desired
performance.

IV. Conclusions

In this paper, we propose 1-2-1 cooperative protocol
using two DF/DR cooperative relays. The proposed
1-2-1 DF/DR cooperative protocol improves path-loss
reduction and increases diversity order 3. Moreover, the
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cooperative relay Ry between S and D offers diversity
order 2. Thus, the proposed 1-2-1 cooperative protocol
is enables to get higher reliability and power
consumption reduction than the those of conventional
Finally, of
energy-saving and reliability, 1-2-1 cooperative
protocol that is adequate and realistic will be applied to
WSNs to obtain high diversity order.

cooperative  protocols. in terms
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