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ARTICLE INFO ABSTRACT
Article history: In wireless sensor networks, forward error coicec{FEC) coding and hybrid ARQ
Received 10 December 2015 schemes enhances the error resiliency, FEC cogesicar communication overhead
Accepted 28 January 2016 in terms of transmission and reception of additisedundant bits as well as decoding
Available online 10 February 2016 packets. Hence in this paper, we propose a compéty performance measurement
and analysis in a wireless sensor network. We shdmghtweight delay measurement
Keywords: system and present a robust method to calculatpaheacket delay to enhance the
Tweak Matrix, Abridge Matrix, chief error resiliency of a packet through retransmissivie identify important factors from
matrix, Information Extraction, Midst the data bit and show that the important factoesrent necessarily the same as like in
Measure, and Healthcare. the Internet. Furthermore, we propose a delay modedpture those factors. We revisit

several prevalent protocol designs such as actilsion recovery ARC technique,
Collection Tree Protocol, opportunistic routing, darDynamic Switching-based
Forwarding and show that our model and analysisuseful to practical protocol
strategies. By simulation results, we show that pheposed technique reduces the
computation complexity, energy consumption andydela

INTRODUCTION

A. Wireless Sensor Network (WSN):

A Wireless Sensor Network (WSN) is a set of senmgmies that can communicate wirelessly with each
other across an extended environment.PhysicallWSN is comprised of numerous tiny sensor nodes (or
sensors for short) deployed in an environment fonitering and tracking purposes. Sensed data apegated
and at times, stored “in-network” at sink nodes akhimay themselves be sensors or other nodes richer
capabilities and resources. Data are then commiggiced the end users either periodically or ondeman
through the sinks or a higher order node; the Istaion. Clearly, WSNs find numerous applicatioasging
from healthcare to crisis management and warfaheyTare presented in various areas such as: léacEs,
medical care and the vital signs, military affagnsd development, and in general wherever it is egdd
measure the physical quantity (Roshanzadeh, MSai®&hqaeeyan, 2012).

Wireless sensor networks (WSNs) are widely usedatber multiple features from the physical world to
reconstruct environmental data in the cyber wdBlach data is significant for scientists to disca¥er physical
world around. For instance, scientists reveal thkantpevolution based on wind speed, air humidityg an
temperature data in the air, and predict the esoptly the temperature and shake data of volcanaeMer, in
WSNs massive data loss is common, e.g., 64% andd@53ke data are missing in the Ocean Sense prajett
the GreenOrbs project respectively. Hence, recogethese lost data with high accuracy is challegpgin
(Guangshuo Chen,). On the other hand, considenmginerging demand of WSN applications, it is irtg to
understand the delay performance in practical taogde networks.
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B. Delay performance measurement in WSN:

Delay performance measurement and analysis, in |, M#&e nontrivial challenges. First, differentrfrahe
Internet and data centers (Kompella, &.al., 2009; Saad Bin Qaisar and Hayder Radha, 200@n@ahuo
Chen, et al., 2013), there are no effective methods in WSNgpsetting per-packet delay measurement.
Traditional delay measurement methods rely on ndtwpnchronization which introduces additional dwesad.

In this paper, we build an infrastructure for detagasure- ment in CitySee, a large-scale WSN dimgis
of 1200 nodes. The infrastructure does not relpawork synchronization and thus does not introchdwitional
overhead. We present basic statistical charadtsrittased on the collected data. To system- aticatd
automatically identify important impacting factdrem various parameters, we build a method basdriutefit for
the collected data trace. Furthermore, we quaivitigt calcu- late the correlation between differanpacting
factors and the delay performance. Based on tingseriant factors, we build a practical delay mauel validate
the model using the collected data trace. Finally,revisit three important protocols based on tleasurement
results and propose a practical delay model. Imsaiy, the contributions of this paper are as folow

» We build a measurement infrastructure in an dperal

large-scale WSN with little network overhead. Basadhe collected data, we present the spatialeangdoral
char- acteristics of delay performance.

» We present an automatic method based on Rutefilentify important impacting factors to the delay
performance.

» We propose a practical model and validate it whth col- lected data. We show the implicationgrtziocol
designs.

C. Crosslayer based analysisin WSN:

A Cross-layer approach is to make the routing lagere robust. This protocol is required for addregs
medium access, robust routing, and congestion @lomsues with the consideration on channel effects
information fidelity and energy efficiency. It hasen introduced to solve the key problems in WSN.

It is mainly introduced to reduce the effects ofltirluop routing and the broadcast nature of theeless
communication are investigated to derive the equatiwhich rule the energy consumption, latency, paket
error rate (PER) performance of error control soéem

Cross layer analysis considers routing, mediumszccentrol, and physical layers which is formulafBue
cross layer analysis enables a comprehensive c@uopaof forward error correction (FEC), automatpeat
request (ARQ), as well as hybrid ARQ schemes ireWgs Sensor Networks WSNs (Kompella,dRal., 2009;
http:///www.isi. edu/nsnam/ns).

D. Problems of Existing Works:

Error control is of significant importance for Wiess Sensor Networks (WSNs) because of their severe
energy constraints and the low power communicatimuirements. Hence, energy efficient error consaf
extreme importance. Moreover, the strict energysaamption requisites, the multi-hop structure of Y&Ns,
and the broadcast nature of the wireless chanrmisséate a cross-layer investigation of the effedterror
control schemes.

Followed by the above requirements (Kompella,eRal., 2009) a cross-layer methodology for the analysis
of error control schemes in WSNs is presented shahthe effects of multi-hop routing and the breest
nature of the wireless channel are investigatedreMipecifically, the cross-layer effects of routimgedium
access, and physical layers are considered. Thigsis enables a comprehensive comparison of fareeor
correction (FEC) codes, automatic repeat requeRtQ}A and hybrid ARQ schemes in WSNs.

In this paper Hybrid ARQ schemes aim to exploit #uvantages of both FEC and ARQ schemes by
incrementally increasing the error resiliency gfacket through retransmissions. HARQ works by tyyes.
TYPE-1 if the received packet is in the form ofacerrit sends a negative acknowledgement (NACK)he t
sender, which re-sends the packet which is codddavimore powerful FEC code. The difference in Thige
that for retransmissions, only the redundant bitssent. This decreases the bandwidth usage gfthecol.

Forward error correction (FEC) coding and hybrid@Rchemes improve the error resiliency compared to
ARQ schemes by sending redundant bits through iheless channel. Therefore, lower signal to noer
(SNR) values can be supported to achieve the sammerate as an uncoded transmission. However Files
incur communication /*overhead in terms of transioe and reception of additional redundant bitsval as
decoding packets.

In this paper, we propose a cross-layer based eomrol technique for WSN. In this technique, @ty
technique that combines automatic repeat requd®®jfand active collision recovery ARC techniquessd to
enhance the error resiliency of a packet througtamemission. In case of packet failure, the raegnaission of
failed packet is performed using relay nodes seteasing a decentralized partially observable Madkecision
process.
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Literature review:

Guangshuo Chent al have proposed a multiple attributes-based recoabgrgrithm which can provide
high accuracy. Firstly, based on two real datases¢s|ntel Indoor project and the GreenOrbs projihety reveal
that such correlations are strong, e.g., the charigeemperature and light illumination usually hstsong
correlation. Secondly, motivated by this observatithey develop a Multi-Attribute-assistant Compies-
Sensing-based (MACS) algorithm to optimize the wecy accuracy. Finally, real tracedriven simulatisn
performed. The results show that MACS outperforhes éxisting solutions. Typically, MACS can recowadr
data with less than 5% error when the loss ratesis than 60%. Even when losing 85% data, all misdata
can be estimated by MACS with less than 10% ekiowever the light illumination in GreenOrbs is Hldi
weak, as the light illumination varies considerahblyature.

Mehmet C. Vuran and lan F. Akyildiz (Kompella, B al., 2009) have presented a cross-layer analysis of
error control schemes. Forward error correction GFEEoding improves the error resiliency by sending
redundant bits through the wireless channel. Ehewn that this improvement can be exploited bpsinait
power control or hop length extension through clefiamvare cross-layer geographical routing protodols
WSNSs. The results of their analysis reveal thathigsrid ARQ schemes and certain FEC codes, thedragth
extension decreases both the energy consumptiotharehd-to-end latency subject to a target pasiet rate
(PER) compared to ARQ. They also show that the ratdgges of FEC codes are even more pronounced as the
network density increases. On the other hand, mméangower control results in significant savingsdnergy
consumption at the cost of increased latency faateFEC codes. Since transmit power control iases the
number of hops, this technique introduces a siggnifi increase in latency, which is a tradeoff tog FEC
codes.

Giorgio Quer et al (2013) have proposed a novel framework, called F&19o for the accurate
approximation of large real world WSN signals ttgbuhe collection of a small fraction of data psirfCoRel
accommodates diverse interpolation techniquesgitleterministic or probabilistic, and embeds atrdn
mechanism to automatically adapt the recovery hiehdw time varying signal statistics, while boungithe
reconstruction error. As an original contributiointloe paper, they considered an interpolation teglembased
on Compressive Sensing (CS), utilizing Principaiponent Analysis (PCA) to learn the data statistitd CS
to recover the signal through convex optimizatidhis technique achieves good performance in terfns o
reconstruction accuracy vs network cost (i.e., nembf transmissions required). Also it is robust to
unpredictable changes in the signal statistics,thisdmakes it very appealing for a wide range pdlizations
that require the approximation of large and disttelol datasets, with time varying statistics. Howekhe use of
Spline as the interpolation technique in SCoReddda large errors.

Saad Bin Qaisar and Hayder Radha (2007) have pedpas Optimal Progressive Error Recovery
Algorithm (OPERA) over WSNs. OPERA requires sigrafitly lesser processing than would be required for
complete decoding or full decoding/encoding at ¢basor nodes; and OPERA significantly reduces dta t
number of transmissions when compared to optimal-terend channel coding schemes. They also use
iteratively decodeable LDPC codes for this purp@eERA not only provides a partial processing framm,
but also an algorithm to optimally map the decodiegations over the multi hop network. They pravid
comparison between our iteration assignment schamaerandom iteration assignment, and show that our
scheme performs considerably better. Further tlesgldped a fairness-based OPERA scheme for theatibho
of channel-decoding LDPC iterations to sensor ndd&dg into consideration the life-expectancy etle
sensor. However if very few bits are dropped, titemot fair with resource constrained nodes. Ttaubalance
should be maintained between performance and etdgoff when forming the quantization levels.

Guangshuo Cheat al (2013) have proposed a novel sensory data recalgoyithm which exploits the
spatial and temporal joint sparse feature. Firdilymining two real datasets, namely the Intel brdproject
and the GreenOrbs project, they find that: (1)doe attribute, sensory readings at nearby nodebitkiter-
node correlation; (2) for two attributes, sens@sgdings at the same node exhibit inter-attributeetation; (3)
these inter-node and inter-attribute correlaticas lse modeled as the spatial and temporal jointssfaatures,
respectively. Secondly, motivated by these obsemstthey propose two Joint- Sparse Sensory Datawery
(JSSDR) algorithms to promote the recovery accurkayally, real data-based simulations show th&DIS
outperforms existing solutions. Typically, when tless rate is less than 65%, JSSDR can estimatsingis
values with less than 10% error. And when the lads reaches as high as 80%, the missing valuede&an
estimated by JSSDR with less than 20% error. Homtheze is an increase in the data loss rate.

Yafeng Wuet al (2010) have proposed a novel protocol to recoutiided packets. They gave a theoretical
analysis that demonstrates that combining suclstoil recovery with CSMA protocols achieves a digant
performance improvement. Then, they have design€®R,Aan Active Collision Recovery protocol, which
actively converts most potential collisions into-t8llisions, and then applies a lightweight FECesuok to
recover collided packets with such partial erratgras. They have also implemented ACR on a Trnestbéd,
and compared its performance with other packetvagoschemes. Results show that ACR significargtiuces



460 M Parameswari and T.Sasilatha, 2016
Australian Journal of Basic and Applied Sciences,d(1) January 2016, Pages: 457-466

the number of retransmissions, and achieves ar@6#6 improvement on transmission efficiency overeoth
schemes. However the retransmission is reducedbyriigwer amounts by the ACR.

Ghasem Naddafzadeh Shiragti al (2009) have proposed decentralized partially olzd#e Markov
decision process (DEC-POMDP) model for selectirgrilays to perform the cooperative retransmisside.
proposed DECPOMDP model does not require globatmélastate information (CSl). In addition, it it to
noise in CSI measurements. Furthermore, the prop8$eC-POMDP scheme utilizes the gradient descent
learning method to eliminate the need for a wirelesannel model. They show that the proposed legrni
method based on the DEC-POMDP model can perform ogémally in the absence of a channel model and
despite its implementation simplicity. However tbest of successful packet transmission in the POMDP
solution is more sensitive.

Riccardo Masieraet al (2009) have proposed a Compressive Sensing (C&)rijunction with Principal
Component Analysis (PCA) to address the task otimtely reconstructing a distributed signal throubé
collection of a small number of samples at a datheying point. This scheme compresses in a digé&ibway
real world non-stationary signals, recovering thanthe data collection point through the onlingneation of
their spatial/temporal correlation structures. Theposed technique is hereby characterized under th
framework of Bayesian estimation, showing underclvhhssumptions it is equivalent to optimal maximam
posteriori (MAP) recovery. This provides empiriealidence of the effectiveness of their approach @odes
that CS is a legitimate tool for the recovery oélreorld signals in WSNs. However, the correct oali
estimation of the different parameters is not gtrtiorward.

Proposed Solution:
A. Overview:

In this paper, we propose a cross-layer based eomrol technique for WSN. In this technique, dfiy
technique that combines automatic repeat requd®@jfand active collision recovery ARC techniquessd to
enhance the error resiliency of a packet througamemission. In case of packet failure, the ragnaission of
failed packet is performed using relay nodes seteasing a decentralized partially observable Madkecision
process.

B. HARQ:

This technique combines the Automatic Repeat Req#dQ) and Active Collision Recovery (ACR)
technique that increases the error resiliency qfaeket through retransmission. Initially the sourcmle
transmits an un-coded packet or a packet codedanfithiver error correction capability to the dediioa node
through neighbor nodes. If the packet is receivath verror, then the receiver node sends a negative
acknowledgement message to the source node. Theesthen resends the packet with higher error coore
code.

In general, the sender node converts potentiaisamiis into LS-collisions and recovers the corrdpte
packets from collision using this hybrid scheme.

| Network Layer | | Network Layer |
Assemble | | Add FEC Assemble | | Check block
packets redundant | | packets BITOTS,
into long [~ bits into into b request Rssl
or short fong original maora blocks
packets packets packets if needed
l T_]ACK
CSMA MAC with CSMA MAC
slight modification
P , ACK
Physical Layer | [ Physical Layer
ACR Sender ACRH Raceiver

Fig. 1: Active Collision Recovery Technique

The following active collision recovery protocolsieibes the method to recover the collided padketise
form of partial error patterns.

i. Sender Side:
The steps involved in ACR sender side are as falow
Let N be the sender node
Let N, be the receiver node
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Let B and R be the long and short packets

Let Q be the notification that several blocks ageded for recovery

1) Nspackets collects the packets from the networkrlape categorizes as Br Ps.

2) Nsdecide whether to transmit Br Ps using a probability approach and transmit to MAagelr.

If Ng DIfF — MAC layer

Then
N, include CRC code at end of each P
Else
N, include FEC codes at end of eagh P
End if
If Ng send Rto MAC layer, it includes CRC codes at end of eBghOn the other hand, if Nsend P to
MAC layer, it includes FEC codes at end of each P

Note the following:
*  CRCwill beused by N; to verify the packet integrity
» FEC will be used by N, to recover long packets without retransmission during LS-collisions.
3) In order to increase the LS-collisionsg Bistimates the non-uniform distribution and introek delay
on ks
Estimation of non-uniform distribution
= |(t+Dlog,[7(x-1) +1] @
11 = random variable with uniform distribution withihe interval (0, 1)
x=10for R
x=20forR
Delay on R

If Ns senses a short packet, it waits for time z pniangmission, where z is the time to transmit the
synchronization header of the packet.

ii. ARQ schemeto Recover Lost Packets:

The following packets losses are possible durirgnamission. This is recovered using backup ARQ
method.

0 Short packets lost during LS-collisions

0 Long packets that lacked sufficient blocks to beowered by the FEC scheme

0 Loss due to other collision types

Following packet transmission sMaits for acknowledgement (M) message

If M 4c«is not received within time z

Then

Ns retransmits the previous packets

Else

If M ockis received with Q

Then

Nsretransmits the respective number of blocks instéalde entire packet.

End if

iii. Receiver Side:
The steps involved at ACR Receiver are as follows
Let c be the erroneous block threshold
I.  When N receives a packet, it verifies whether it jsoP Ps.
i) If N, receives P
Then
It uses CRC to determine the integrity of the packe
If CRC is valid
Then

N, O F# - N
End if
End if

i) 1If N, received P
Then
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It uses CRC to find if there exists erroneous oy

If CRC is valid

Then

N, OB - N,

Else

Corrupted blocks are estimated by verifying whe®R88SI is high or low.

End if
Il.  While N starts receiving the packets, it begins sampliegRB8SI values every z time units and stores it in
an array.

If RSSI > threshold

Then

N, maps the RSSI value to the respective block Braauks it as potential corrupted block.

If B>c

Then

B cannot be recovered using FEC scheme
N, transmits a M. to Nsrequesting quality blocks.
Else
B can be recovered using FEC codes
End if
For corrupted block Bif j = i.c+e, if e # 0, then the blocks are reconstructed using asvisllo

Bjx = lexd Bjk.. [ B (1yctexd

B (+)crex..[d By g ) (2)
e
Ife=0,
Bjk =Tox Bok..[J Bk Bgrak.. [ By ®)

where 0<k<t.
Here the blocks are constructed witké&® and then with e = 0.
After recovering corrupted blocks, CRC validityisrified

If CRC is valid

Then

N, O F# - N

End if
dg oo da 1 do.t
oy dy, dhs
Bt | Gt [ Ohet.t
Co Co, =% Ea t
Cq

C1,0 Cie Cit

Emet Cp.lo 0 L Cm

Fig. 2: Representation of FEC Encoding

C. Protocoals:
1) Low Power Listening:

Low power listening(LPL) iswidely adopted in WSNsdave energy. In LPL, each node switches between
awake and sleep state to save energy. Most LPloqotst share the similar principle as shown in BigEach
node samples the channel for a short duration @h egcle. If energy is detected, the node stayskaviar
another short duration to receive packets. Otheqvtie node turns off the radio, and in the negtece.g., 500
ms later) resam- ples the channel. To transmitcagiathe sender continues sending packets as plesuomtil
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the receiver wakes up. For broadcast, the preamalskts for a cycle duration in order to ensure thiht
neighboring nodes wake up once. For unicast witk-layer ACK, the sender can stop the preamblei amt
ACK is received or the end of a cycle. Another tygfeLPL protocol is receiver-initiated low-duty dgc
protocol. Each node periodically wakes up and spnalse packets to see if there are transmissidanded for
it. If a node has packets to send, it will keep leevand send the packets once receiving a probespfiokn the
receiver. Since a sender may begin to send paeketsy time, the time the sender needs to wagnslamly
distributed in the cycle. This introduces randonsrtegpacket delay.

2) Collection Tree Protocol:
Collection Tree Protocol (CTP) is used to buildating tree in the network. CTP adopts the ETX imetr
the expected transmission count, as the path guaditric. Each node selects a path with minimunXET

3) Measurement I nfrastructure;

Time synchronization can be used to measure delteinet- work. However, time synchronization pcols
in WSNs, such as FTSP, etc. incur additional waffverhead into the network in order to maintaigl@bal
timestamp for all nodes. We use a lightweight apphato measure the end-to-end packet delay withoutring
synchronization traffic. For each packet, we deflmedelay as the time from the packet is genemttélae source
node to the time that the packet is received asitilenode.

4) Routing Protocol :

We first analyze the commonly used data collegpiatocol

CTP in WSNs. Through analysis, we find that CTPtgrol, with ETX as the routing metric, may not
appropriately choose a good path. For brevity, ssume the queuing delay on each hops.

IV. Simulation Results:
A. Simulation Model and Parameters:

The Network Simulator (NS2), is used to simulate pnoposed architecture. In the simulation, theilaob
nodes move in a 500 meter x 500 meter region fosé&tbnds of simulation time. All nhodes have the esam
transmission range of 250 meters. The simulatdfictia Constant Bit Rate (CBR).

The simulation settings and parameters are sumethitiztable.

No. of Nodes 20,40,60,80 and 100
Area Size 500 X 500

Mac IEEE 802.11
Transmission Range 250m

Simulation Time 50 sec

Traffic Source CBR

Long Packet Size 512 bytes

Short packet size 128 bytes

Initial Energy 4.1)

Transmission Power 0.660

Receiving Power 0.395

Rate 50,100,150, and 250Kb

B. Performance Metrics:
The proposed Cross-layer based error control tgaen(CBEC) is compared with the HARQ technique [3].

The performance is evaluated mainly, accordindgpéoftllowing metrics.

= Packet Delivery Ratio: It is the ratio between the number of packets vexkiand the number of

packets sent.

= Packet Drop. It refers the average number of packets dropjgihg the transmission
= Energy Consumption It is the amount of energy consumed by the nddésansmit the data packets

to the receiver.

= Delay: It is the amount of time taken by the nodes andmit the data packets.

C. Results:

1) Based on Nodes:

In our first experiment we vary the number of node<0,40,60,80 and 100.
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Nodes Vs Delay
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Fig. 3: Nodes Vs Delay
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Figures 3 to 7 show the results of delay, delivatio, packet drop, energy consumption and througfgr
varying the nodes from 20 to 100 in CBEC and HARGQqcols. When comparing the performance of the two
protocols, we infer that CBEC outperforms HARQ 84l in terms of delay, 71% in terms of delivery oati
33% in terms of packet drop, 31% in terms of en@mysumption and 66% in terms of throughput.

2) Based on Rate:
In our second experiment we vary the transmissata as 100,200,300,400 and 500Kb.

Rate Vs Delay
10
FEEEE .//.\-\.
3 6 —e— CBEC
& 4 —=— HARQ
L 2
a ———o—+—+—°¢
0 T T T T
100 200 300 400 500
Rate (Kb)

Fig. 8: Rate Vs Delay

Rate Vs DeliveryRatio

—&—CBEC
—=&—HARQ

100 200 300 400 500

=

DeliveryRatio
o
(6]

o

Rate (Kb)

Fig. 9: Rate Vs Delivery Ratio

Rate Vs Drop

15000
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0 —r "

100 200 300 400 500

Pkts

Rate (Kb)

Fig. 10: Rate Vs Packet Drop

Rate Vs EnergyConsumption

—e— CBEC
—=— HARQ

9|
@
*
*
*

Energy(J)
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Rate (Kb)

Fig. 11: Rate Vs Energy Consumption
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Rate Vs Throughput

100000

3 - 80000
£%§ 60000 | \’\o\‘\‘ —e—CBEC
S5 40000 '\'\_\_ —= HARQ
£e e ——
100 200 300 400 500
Rate (Kb)

Fig. 12: Rate Vs Throughput

Figures 8 to 12 show the results of delay, delivatjo, packet drop, energy consumption and thrpugh
for rate 100,200,300,400 and 500Kb in CBEC and HABRQocols. When comparing the performance of the
two protocols, we infer that CBEC outperforms HAR 84% in terms of delay, 43% in terms of delivery
ratio, 75% in terms of packet drop, 26% in termsmérgy consumption and 51% in terms of throughput.

Conclusion:

In this paper, we have proposed a cross-layer based control technique for WSN. In this technigae
hybrid technique that combines automatic repeaiesig(ARQ) and active collision recovery ARC tecjud is
used to enhance the error resiliency of a packetuth retransmission. In case of packet failure pragose a
lightweight delay measurement method to efficiewtlculate delay without time synchronization,iathis
appropriate to operational networks. Furthermores extract different impacting parameters to delay
performance with the incomplete data, propose etiped delay model to capture those factors, adidage it in
a large scale network. Finally, we show the conseges of measurement and analysis to protocol rlesy
simulation results, we have shown that the propdeetnique reduces the computation complexity, ggner
consumption and delay. As a future work, we prepmswork on designing some better relay node setec
strategies.
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