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ARTICLE INFO ABSTRACT
Article history: Delay efficiency is one among the main issues ireléss Sensor Network (WSN). In
Received 10 December 2015 this paper, a Cooperative Multiple-Input-Single-guit (C-MISO) scheme based on
Accepted 28 January 2016 turbo codes with Multi level-Quadrature Amplitudeotiulation (M-QAM) is proposed,
Available online 10 February 2016 which overcomes the delay constraint in WSN. Atselay analysis of turbo coded C-

MISO scheme is compared with the traditional undodeoperative scheme and turbo
Keywords: coded Single-Input-Single-Output (SISO) scheme. $imulation results show that
delay efficiency; C-MISO; turbo significant delay efficiency can be obtained thiouthe proposed turbo coded
codes; QAM; WSN cooperative communication.

INTRODUCTION

Wireless sensor networks (WSNSs) are composed afrdar of sensor nodes equipped with small batteries
So, there is a strict energy limitation and alse teplacement of batteries for these devices iD&siple or
difficult. In order to overcome this limitation,a@hdata transfer between the nodes in WSN shoutb&ed out
efficiently within less time and also the nodesidbdoconsume less energy. Multiple antenna systemable
communication at high data rate over multipathrigdthannels using Multiple-Input-Multiple-Output (MO)
technology. However, it is impractical to apply WD technology to small WSN devices since small esens
nodes may only be able to have a single antennereldre, through collaboration of several singléesana-
equipped devices, a multi-device virtual MIMO tehue called cooperative MIMO (C-MIMO) has been
proposed in (Li, X., 2003).

Using this approach, WSNs can configure severalairtopologies including Cooperative Single-Input-
Multiple-Output (C-SIMO), Cooperative Multiple-InpuSingle-Output (C-MISO) and C-MIMO which are
collectively called C-MIMO technology (Ahmad Has&than and K.C. Roy, 2013; Shuguang Cui, A.J.
Goldsmith and Ahmad Bahai, 2004; Sudharman, K. wWageaa, 2006) and (Shuguang Cui, A.J. Goldsmithand
A. Bahai, 2006).

In addition to the C-MIMO technology, the conceffteoror correction using turbo codes is used i thi
paper to minimize the time delay of the WSN commation system. The advantage in using turbo cooles f
error correction is that, it reduces the bit erade. Though, there are many coding schemes alaitay turbo
codes and Low Density Parity Check (LDPC) codesnamst successful (Ahmad Hasan Khan and K.C. Roy,
2013). LDPC coding technique outperforms turbo ogdat high code rate. On the other hand turbo d®de
more efficient than LDPC at low code rate. The o8&€DPC codes in cooperative communication as aorer
control code is proposed in (Mohammad Rakibul Island Y.S. Han, 2011). In this paper, turbo code is
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incorporated in cooperative communication as aarerontrol code. The delay model for the proposetda
coded C-MISO scheme is developed. Later, the pexpasxcheme is compared with turbo coded SISO
communication to analyze the delay efficiency.

Multi-hop C-M1SO Scheme:
A. System Model:

In wireless sensor network, to apply C-MISO schehee nodes need to be equipped with Space Time
Block Codes (STBC) (Paulraj, A., R. Nabar and Dre&®003; Proakis, J.G., 2000) and (Alamouti, S.M.,
1998) encoding and decoding capability as wellasdrelaying capability. Consider a homogeneoushop
C-MISO network. “Homogeneous” refers to a multi-hagnfiguration with the same configuration applted
all hops (Jong - Moon Chungt al, 2012).

The considered network model shown in Figure luides a total of 11 nodes- SN, DN, n1, n2, n3,n4, n5
n6, n7, n8 and n9. It is a two hop model, wherefils¢ hop is from the source node (SN) to nodeanl the
second hop is from n5 to the destination node (DN)Yhe first hop, SN is the upstream node andsnthé
downstream node. Likewise, in the second hop ibeisipstream node and DN is the downstream nodéheAs
node n5 connects two hops it is referred as ther-lmp node. Here, C-MISO networking starts with SN
sequentially distributing packets to its coopemtiodes nl and n2 in level L1 (short-haul transioisat the
transmitter end).

4 Short-haul transmission

--------- » Long-haul transmission

Fig. 1: Two hop C-MISO network model

In level L2, the nodes nl and n2 encode the redgiaekets and simultaneously transmit to node avgfl
haul transmission at the transmitter end). Nodeleodes the two space diversifying signals anévselIL3 it
repeats the actions of SN in level L1. SimilarlyJével L4 the nodes n6 and n7 repeats the actibnsdes nl
and n2 in level L2 (long-haul transmission at theeiver side) and finally the packets reach thémgon node
(DN).

B. Delay Model:
The total time delayT)) required for a system withl; transmitting nodes and, receiving nodes each with

one antenna can be calculated as the sum of trasismidelay T;), propagation delayT{,) and processing
delay (Tyo) [13]. The total time delay is given by Equatidr) &s,

T =T, +T, +T, (1)

For an uncoded cooperative MISO system With2 nodes andvl, =1 node, the total time dela¥dwiso)
can be calculated as the sum of transmission d&laysc), propagation delayTf, wso and processing delay
(Toc_misd, Which is given by Equation (2) as,

TC—MISO = Ttr _MISO + Tpr _MISO + Tpc_MISO 2

The transmission delay of uncoded C-MISO syst&mu(so ) is given by Equation (3) as,
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v _wmiso = Ts = i:).t + 'zé) 3

T

m
where bt represents the constellation) size (bits per syjnbséd during the local transmission on the

transmitter S|debm represents the constellat|0n size used in the@ltimode,T; is the symbol period which is
assumed to be approximately equairtoz — for a fixed transmission bandwidBhandN; is the number of bits
to be transmitted, wheré=1,...M . The st term in Equation (3) is the local delalue contributed by the
transmitter side, and the second term is the d=daged by the long-haul C-MISO transmission.

The propagation delay of uncoded C-MISO systd) (wmso ) is given by Equation (4) as,

d-  d'

Tpr_MISO - c + ? (4)

where ¢ is the velocity of light,d- and d' represents the long-haul transmission distance lacal
transmission distance at the transmitter side.

The processing delay of uncoded C-MISO system,

) is given by Equation (5) as, T wiso = Tood * Taemod (5)

(Tpc_MISO pc_

WhereT o is the time taken for modulation anq is the time taken for demodulation.

S|m|IarIy for the turbo coded C-MISOTio CM,Sa system withM;=2 nodes andVl; =1 node, the total
time delay can be calculated as the sum of trarssomsdelay Tuwmo « misd, Propagation delayT{umo pr misd
and processing dela¥{wo_pc_msd, Which is given by Equation (6) as,

Tt e-ms0™ Turbo 1 msSt Tt o msd T ko peisa (6)

The transmission delay of the turbo coded C-MIS&ey (T ) with the turbo code rate and

M=2 nodesM, =1 node is given by Equation (7) as,

turbo_tr _MISO

v I ”
Iy r

b/

turbo _tr_MISO — Ts

The propagation delay of the turbo coded C-MISQesys(T
node is given by Equation (8) as,

) with M=2 nodes andvi, =1

turbo_ pr_MISO
d* d'

Tturbo pr_MISO = + (8)
- Cc C

The processing delay of the turbo coded C-MISOesysT
node is given by Equation (9) as,

) with Mi=2 nodes andV, =1

turbo_ pc_ MISO

T =T +T +T + T 9

turbo_ pc_ MISO demod encode decoc

whereT, .. andt _ isthe time taken for turbo encoding and decodespectively.

SISO can be treated as a special case of C-MISOMyit M, = 1. A SISO differs from C-MISO as it does
not have local transmission on the transmitter,sidenly has long-haul transmission between there® and
destination node. Thus, the total time delay ofagded SISO systenil§sg can be calculated as the sum of
transmission delayT{ sisg, propagation delayT{, sisg and processing delayl sisd, which is given by
Equation (10) as,

Tsiso= T siso™ Tor sisat T e sis (10)
The transmission time of the uncoded SISO systim g is defined by Equation (11) as,
Ty siso = T(';—] ay

whereN; is the number of bits to be transmitted dpds the constellation size used in the SISO longi-ha
transmission. The propagation time of the uncod&DSsystem Ty, sisd With long-haul transmission distance
d is given by Equation (12) as,
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d
Tpr_SISO = - (12)
Cc
The processing time of the uncoded SISO sysgms(sd is given by Equation (13) as,
Tpc_SISO = Tmod + Tdemod (13)

Similarly, for the turbo coded SISO system theltttae delay Twmo_sisd can be calculated as the sum of
transmission delayT{,mo « sisd, Propagation delayT{me pr sisg and processing delayifimo pc sisd Which is
given by Equation (14) as,

-I;urbo_SISO: Tturbg tr SISO+ Tturbg pr SIS-(}ST turbo pcSG (14)

The transmission delay of the turbo coded SISCegystr
Equation (15) as, N
Tturbo_tr_SISO = Ts( bnfi't j (15)
The propagation time of the turbo coded SISO sygtmq_pr sisd With long-haul transmission distande
is given by Equation (16) as,

turbo_tr_SISO) with turbo code rateyis given by

T _d (16)

turbo r_SIsSO
_ pr_ c

The processing time of the turbo coded SISO sy§Tem, nc sisd is given by Equation (17) as,

Tt = Tmod + T

urbo_ pc_SISO ™

+ T, T

danod encode deco

(17)

The delay differencelD) is a measure of the performance of the systenayDgifference is calculated by
the equation (18) as,
DD = Tturb07 siso Tturbq MISC (18)

Positive value of delay difference from EquatioB)(#lepicts that the proposed turbo code based GOMIS
networking is delay efficient in WSN.

Performance Analysis:

The performance analysis of the delay efficientpayative communication in WSN using turbo codes is
carried out using MATLAB. The performance of turbmded and uncoded C-MISO systems are compared and
the system with significant delay efficiency is Baad. Table 1 summarizes the simulation parameises in
the analysis. The optimized constellation sizeMe®AM modulation is listed in Table 2 (Shuguang (atial,
2005).

Table 1: Simulation parameters

PARAMETER VALUE
Modulation M-QAM
Fading channel Rayleigh
Noise AWGN
Number of transmit antenna 2
Number of receive antenna 1
Bandwidth 10 KHz
Target Bit Error Rate (BER) 10°
Number of bits to transmit 20 Kbits
Table 2: Optimized constellation size for M-QAM modulation
Distance (m) 1 5 10 20 40 70 100 150 200
MISO 14 10 8 6 5 4 3 2 1
SISO 12 6 5 4 4 2
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Figure 2 shows the BER performance of uncoded arizbtcoded system for Binary Phase Shift Keying
(BPSK) and QAM modulations. From the Fig. 2, it dam observed that for a target BER of’1€he SNR
required for the uncoded system is higher thantdheo coded system. Therefore, it is clear thabdduroding
reduces the required signal power and thus itésgynefficient. On considering the modulation teghe, turbo
code with BPSK requires less SNR when compareditootcode with QAM modulation. But, on analyzing
with respect to delay efficiency, the number of bpifs to be transmitted is 20,000 in BPSK; on theephand,
it is only 10,000 symbols for QAM modulation (4-QAMThus, it can be concluded that turbo code WiHHER
modulation is efficient in terms of energy and mialay. On the other hand, QAM modulation achieves
significant energy saving when compared to the dadosystem and is also delay efficient. TherefQaM
modulation technique is used for further analysis.

Figure 3 shows the delay performance comparisowdsst the turbo coded C-MISO and SISO systems.
The total time delay of the turbo coded C-MISO sgswith optimal constellation size for various drstes is
computed. Similarly, the total time delay of thebin coded SISO with optimal constellation size ¥arious
distances is computed. With the computed delayegalthe Delay Difference (DD) is calculated andttphb
with respect to distance. From the Fig. 3, it banobserved that the delay difference is negativalistance
less than 50 m. The delay difference becomes pesititer a distance of about 50 m. The positiveieslof
delay difference indicate that the turbo coded GGMIsystem is delay efficient when compared to thbat
coded SISO system.

—————— Turbo coding with BPSK modulation
——i&— Turbo coding with QAM modulation
uncoded QAM
uncoded BPSK
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Fig. 2: BER Performance comparison of uncoded system twitho coded system for various modulation
techniques
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Fig. 3: Delay difference analysis of turbo coded SISO @AdISO system
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Conclusion:

Delay efficient data transmission is one of the fagtors for delay constraint wireless sensor netwim
this paper, a delay model for cooperative commuimnawith M-QAM modulation using turbo codes is
proposed. Simulation results show that turbo cadedISO communication system achieves significariayle
efficiency when compared to turbo coded SISO sysi#ms, it can be concluded that turbo coded cadjver
MISO system is delay efficient.
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