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Abstract: Problem statement: Wireless Sensor Networks (WSN) has become a véeyesting field

of research and has been deployed for variouscgtigins. The data sensed by the sensors need to be
transmitted over to a Base Station (BS) where tita grocessing is donApproach: The existing
systems generally employ Multi-hop routing for datgregation at the BS, where several nodes may
forward data packets to the BS. This will lead te teduced lifetime of the network and reduced
battery life for sensor nodes near the BS, as lia@y to relay data from all parts of the networkhi®

BS. Results: A simple yet efficient method to improve the netlwiéifetime is designed with the help

of Mobile Element (ME). The MEs act as mechanieatiers which move around in the sensing field,
collecting the data from the sensors and transigithem to the BS. In a relatively larger netwak,
single mobile element might not serve the purp&eRendezvous Points (RP) can be used in the
network, to enhance the performance of the W8Nncluson/Recommendations. This article
discusses the state of the art and major resedalerges in scheduling these ME and the arising
need for multiple MEs also being outlined.
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INTRODUCTION The multiple MEs approach in combination with
the rendezvous system is analyzed. In the mulkifis
Atypical Wireless Sensor Network (WSN) system, each ME to visit a certain set of RP based
consists of spatially distributed the network topology and the number of RP obtained
autonomous sensors to  cooperatively  monitothe system.
physical or environmental conditions, such  The data sensed by the sensor nodes have to be
as temperature, sound, vibration, pressure, motain, transferred to the Base Station (BS) for furthealysis
different locations. The development of WSNs wasPY their respective field experts. Usually, in altirop

motivated by military applications. However, WSNe a network formed by the sensor nodes the readings are
now used in civiian applications, including relayed to the BS for further processing. This tetal

environment, traffic and habitat monitoring, heeitte _f(;e(tq#ent batteryhdramhof the nodes gea;;?]e'lBJS
and home automation. avoi is, researchers have proposed (Xah@l.,

The main challenges in the sensor networks aréOOS) mobility as a solution for data gathering.eTh

limited battery power and buffer overflow. An arsily mobile nodes which act as mechanical carriers colle

t verf £ th . st thodsdk data from all the nodes and transfers to the B& Th
of performance ot In€ various existing metho problem of scheduling the mobile node such thatenon
collection in sensor networks has been performed

) ; .- -of the buffers overflow is termed as the Mobiler&ént
Implementation of all the basic ME Scheduling Scheduling problem (Xang al., 2008).

algorithms is performed to analyze their charasti®s.  geveral scheduling algorithms have been proposed
Then, rendezvous-based system is implemented and i, the literature (Xangt al., 2008; Somasundasghal.,
performance is determined. This study aims aboo7: Guet al., 2005: 2006: Ma and Yang, 2008;
analysing these algorithms for sensed data cadiecti Gandhiet al., 2008; Poret al., 2005;Slijepcevic and
using an enhanced ME-based approach, whickPotkonjak, 2001) which focuses on scheduling the
minimizes the losses in the system, improves thenobile node such that there is no data loss. Athou
performance of the WSN, besides enhancing the¢he aim of these scheduling algorithms is that eher
lifetime of the network. should be no loss of the sensed data, practicatisos
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will concentrate on minimizing the data loss. This
because, when there is an increase in the number Earliest EDF k- Minimum
sensor nodes, obviously the data loss will incre@se Deadline First Lookahead weighted first
major concern will be to analyze the impact of the (EDF)
scheduling algorithms under different scenariossoAl
another important concept of topology managemen
(Godfrey and Ratajczak, 2004) is to have only ssubf
nodes actively participating in the network, thusating
less communication and conserving energy in nodes.

This study presents a survey of the existing
scheduling algorithms for the Mobile Element (MB) i
Wireless Sensor Networks (WSN).

Figurel illustrates the scheduling algorithms for v
the ME and based upon the analysis, the problem he
been extended to multiple ME scheduling problene Th
Earliest Deadline First (EDF) exhibits the
characteristics of scheduling the ME starting wiitle v
least deadline nodes. EDF with K-look ahead sclesdul
with reference to the k value. The schedules ar
formulated with reference to the look-up of k nades
The Minimum Weighted Sum First (MWSF) schedules
are done based upon a weight calculated on th
deadline of the sensor nodes. In the schedulinggss )
the ME’s visit is scheduled only for these boundary Buffer size: The sensors sense data from the
near nodes as the aggregated data is availableisin t surroundings and accumulate data over a period of
boundary-near nodes. Rendezvous Points finds théme. These data need to be transmitted to the S a
optimal RPs when MEs move along the data routingdgain samples of data are sensed by the sensors
tree in order to perform data collection. periodically. The buffer at the sensors should be

A set of source nodes periodically sense angeriodically cleared, or else, the data in the duifets
accumulate data that must be delivered to the B&de replaced by newer data. The buffer size at theosens
their deadlines expire. Relaying mechanisms usingiodes needs to be optimal enough to minimize th& da
multi-hop routing are not efficient as they resola lot  |osses in the system.
of resource wastage in the network and the batifery
of the sensor nodes deteriorate rapidly if thegyréheir  pattery life: The major reason for the introduction of
data to other nodes. So, we use MEs, to collectl#he o \Es in the system is to improve the battery &f
from the sources and deposit them at the BS. Tmlavothe sensor nodes. When data are relayed to BSghrou

the deadline expiration in a larger network and to - . |
reduce the overhead on the ME, a subset of nod rgulnple hops, all the nodes must be active for

referred to as RP which buffer the data obtainednfr old the detail_s of the cqmplete routing tree. Tibdes
the nodes, from where the MEs can pick up the dat ear the BS will be relaying data to BS from alttpaf

was a proposed solution. By using multiple MEs thetN® network, so their battery drains rapidly anddes
delay can be further reduced and enhance th@ill fail.
performance of the network. Reduction of data Igss
the objective of the scheduling algorithms keepirtg Sensor node deadlines: The deadline value for each
account the individual node’s capability of sensing sensor node is determined from its data samplitgy ra
forwarding, aggregating and relaying the data &B&. When the ME doesn’t fetch the data from the sensor
] ] ) node before the deadline, data loss occurs. The'siod
Factorsinfluencing mobile: deadlines can be homogeneous or heterogeneous, base
Element scheduling: _ on the requirements of the network. The scheduting
Mobile elements. Mobile Elements can be deliberately ine MEs is primarily done based upon the set of
built into the system to improve the lifetime ofeth geadline values, to minimize the losses and to rcthee
network and act as mechanical carriers of datactwhi maximum path possible in the wireless sensor nétwor
move around in the sensing field. The mobile elemen
whose mobility is controlled, visits the nodes tdl@ct  Rendezvous Points (RPs): The RPs are a subset of
their data before their buffers are full. nodes from which the MEs can pick up the datagambt
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of traversing all the nodes. The source nodes strese Xanget al. (2008), a new approach called the RPs
data and relay it to its nearest RP in the netwBfRs approach is discussed. The ME was initially congide
accumulate the data of more than a single sourde noto traverse all the nodes in the network based on
until the ME arrives to fetch that data. So, thdfdru  primitive scheduling algorithms and collect the adat
size at the RP is an important issue, as they meed from the source nodes. A rendezvous-based appisach
buffer all the constituent data till the ME arrives used for making the ME more efficient. A subset of
nodes serves as the Rendezvous Points (RPs) in the
Multiple mobile elements. In very large networks, a network. They buffer data originated from the data
single ME will not be sufficient to prevent the déae  sources. They transfer the buffered data to the thilis
expiration problem. In this case, using multiple ¢ME enabling the ME to collect large volume of datahwiit
can solve the problem. Each MEs is allocated ab6et having to travel long distances. The data, which
Sensor Nodes. The ME collects data only fromoriginate at sources, are relayed to the RPs almost
allocated set of sensor nodes. immediately. Hence the need for scheduling the
individual nodes considering their individual deads
State of the art: Mobile element scheduling does not arise. Instead, the RPs are traversedey t
algorithms: In WSN, the real-time data sensed by theMEs.A set of nodes referred to as RPs are detedmine
nodes are to be sent to the BS periodically, askkep  from which the MEs can pick up the data originated
varying from time to time and stale data need to bdrom sources and transport to the BS before the
eliminated. In this scenario, the relaying and famding  deadlines.
mechanisms were initially used to transmit datahi Data packets in the wireless network should bé sen
base station. As this was found to be highlyto a fixed base station, where the data from variou
disadvantageous, the concept of using MEs in th@odes are collected. Packets need to be transnoitd
sensor network has been proposed by researchetbe wireless network through other nodes. This gsec
These MEs perform the functionality of data coli@et is called Relaying. The intermediate nodes need to
in the network. forward the packets towards the destination nodhks.
Godfrey and Ratajczak (2004), the implementatiorsensor nodes near the base station are highly tofgera
of MEs for data collection in a wireless sensommek  almost all the time as they should relay the datthe
is discussed. To avoid the draining of battery, lifeme  BS from various parts of the network. This leadsato
mobile nodes, known as the MEs are built into thenon-uniform depletion of resources in those nodeb a
system. They act as mechanical carriers which mov&e battery life drains rapidly. If the BS is distawith
around in the sensing field, collect the data frima  the increasing number of hop-counts, the propagatio
sensor nodes and transmit them to the base station.  time for the data transmission is very high. Eashssr
Somasundarat al. (2007), the various techniques node is assigned a buffer for accumulating the estns

of scheduling a single ME to visit all the sensodes . L

in wireless sensor network are discussed. The ME, 'O ©Overcome this problem of deterioration of
whose mobility is controlled, visits the nodes tilect ~ Pattery life and to improve the network lifetime B!
their data before their buffers are full. In geetae ~ Were implementation of these mechanical carriers
spatio-temporal dynamics of the sensed phenomendfaiiZz€d through a mobile node which is also termed
may require sensor nodes to collect samples ardiit the ME to collect the data according fo its own

rates, in which case, some nodes need to be visitétPability of storing the aggregated data.

more frequently than others. This work formulates t ;—rzzslstﬂ:g erghtrgzenlc\)/l dEe;Sotfhgtr:zs (())rrcliesrr:g VI\(/:ihrlcte:rTsI
problem of scheduling the ME in the network so that AV ug W ou
minimal data losses. Some of the major algoritheedu

there is no data loss due to buffer overflow. If wge a to schedule the ME are Earliest Deadline First (EDF

single ME to collect the data from the sensor npttes EDF with k-look ahead, Minimum Weighted Sum First
order in which the ME visits to the nodes is schedu algorithms. '

mainly based on the deadlines of the nodes, upen th = 1o EDE algorithm is the simplest of all ME
expiration of which, the buffers overflow. An exal@p  gcheduling algorithms. In this algorithm, the nedech
of a basic scheduling algorithm used for scheduli®y  has the least deadline value is visited firstspestive of
ME is the EDF algorithm and its extensions. Someg|| other constraints. The advantage of this ig, tids
other algorithm implementations are also discuseed very easy to be implemented in a sensor networkessd
this work, which will further reduce the data losse  complexity is involved. But one obvious shortcomify
the system. this algorithm is that it does not take into acddhe cost
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values and relies only on deadlines. i.e., a M&gsd of
considering an optimal path, will try to reach aywe
farther node with a smaller deadline. But becaldsbe
higher cost involved, this leads to several faiexties
which could have been avoided.

performance characteristics of all the methods are
analyzed. In these implementations, the system is
executed for different scenarios — varying costsying
deadlines, etc. These different scenarios are edudi
together.

They act as mechanical carriers of data, which
move around in the sensing field. The ME, whoseM obile element schedule with multiple mobiles: We

mobility is controlled, visits the other nodes tollect
their data before their buffers are full.

can see that by assigning single mobile elemettédo
network lot of nodes reach the deadline due todouff

MEs are nodes whose only job is to collect dateoverflow. To reduce it we go for rendezvous points

from these sensing nodes and to buffer it to theTB®

assigning to the nodes in the WSN. The sensor nodes

EDF-k look ahead algorithm is an extension of EDFare made to relay the data to the nearest rendszvou

algorithm. In this, the ME does not visit the nadeere
the deadline expires immediately, instead the dieasl|
of the next k nodes is analyzed, to know if all tieeles
satisfy their deadlines. Only if all the deadlinase
satisfied, then the ME goes to the first node ia th
selected path. It is important to note that schiaduk
visits at a time is not done, but, instead, forheasit, k

points using multi hop relying mechanism and the
mobile node collect the data gathered in it. Byndaso
the network lifetime is increased by reducing toe of
nodes meeting deadline.

This mechanism can be extended by using multiple
mobile elements in which each mobile element is

nodes are looked at and the next node is choses. T@smgned a set of rendezvous points and the mobile

. : lements collect the data from these RPs.
look ahead algorithm takes care of nodes with same The number of mobile elements can be varied for a
deadline values, whereas EDF would have chosen.

; : -given network. And these mobile elements are asdign
[ﬁgi%rrrgleydd;?ae;dmg on in what order they appeated Iset of RPs in Round-Robin fashion. The mobile elime

The Minimum Weighted Sum First algorithm is visit only those set of RF_’s and gather data celteom
different from the normal EDF algorithm because inthém. By this mechanism, we can reduce the nodes

addition to considering the deadlines, it also $akeo
account the cost of each edge in the netwarkalue

meeting deadline to a great extent. By increashey t
number of mobile elements in the network the nunatber

involved with this is chosen based on the networkhode failure can be further reduced.

topology, where it can be advantageous to reduce

losses. Whena<0.5, the scheduling is performed
predominantly based on the cost. Whei®.5, it relies

more on the deadlines. With a single ME, Minimumhav
Weighted Sum First is found to perform better thanthe

EDF witha<=0.1.

In a large network, it might not be efficient far
single ME to traverse all nodes of the networktdad, a
subset of nodes, called as RPs, buffer the dagaating
at the source nodes, for MEs to fetch from thosatpo
This will reduce the cost overhead on the ME.

The algorithms mentioned above are just a way t
schedule the ME visits to various parts of the oekw
for data collection. The battery life, which is oofethe
key constraints for switching over to the mobile-
element based approach, improves considerably whe
compared with the multi-hop networks. And the data
losses are also found to reduce progressively @ath
approach. Each ME is assigned to visit a set of iRPs
the system to collect data from them. This further
reduces data loss in the system.

MATERIALSAND METHODS

The implementation of the various algorithms is
carried out in OMNeT++ simulator and
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RESULTSAND DISCUSSION

The existing algorithms EDF, EDF-K and MWSF
e been simulated for varying the cost in thessen
nodes have been deployed randomly and the

distance to travel each node will differ.

As shown in Fig. 2, the variation in cost factor

shows the node failure to be more for EDF compéwed
the other two algorithms.

300
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From Fig. 3, it is evident that the variation bt
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Multiple MEs for RPs using MWSF performs
better as the no. of ME increases, node failure
i.e., the data collection has been more compared

to single ME.

As the nodes grow, the misses also grow but wittaht
that the misses now shrinks to 50 units when coetpar

overflow time (the nodes sense the data at differento executing the same algorithm without RPs. One
sampling rate) also implies that the EDF algorithmobvious point to note is that the node failurellastrated
proves to have more number of nodes missing theiin Fig. 2-6 is the ME which failed to collect thatd from

deadlines.

In Fig. 4, after identifying the RPs, EDF and MWSF

is applied to these RPs which will obviously redtive
number of nodes failed i.e., the M.E misse to s

the nodes which had stored the sensed data.

Using RPs the algorithms perform better with the

consideration that the nodes acting as RPs shaald b
with additional capabilities such as power, storage

nodes before their deadlines. EDF-k lookahead is ndouffer of these nodes should be more comparedeto th

taken into consideration since the determinatiofRBE

other nodes. In Fig.6, the EDF algorithm was again

will lead to a minimum subset of nodes. This minmu analyzed in terms of multiple MEs and it was fotimal

set of nodes will converge the EDF algorithm infaFk

as the MEs are increased, the number of nodes that

lookahead algorithm and hence only EDF and MWSHailed to store their data before the visit of ME have

algorithms are taken into consideration. ThonfFig. 4,
it is clear that upto 50 nodes there is no noderéai

been decreasing. In Fig. 6, the MWSF algorithm was
simulated with 2 and 3 mobile nodes and it was floun
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that with EDF, when the number of MEs is 4, theeod Godfrey, P. and D. Ratajczak, 2004. Naps: scalable,

failed to dispatch there is 25. The same obsemaizm robust topology management in wireless ad hoc
be made for multiple MEs with MWSF in which the  networks. Proceeding of the 3rd International
same result can be observed when the number of MEs  Symposium Information Processing in Sensor
is 3. o ] _ ) - Networks, Apr. 26-27, California University,
From the existing algorithms, it can be identified USA., pp: 443-451. DOI:

that the RPs with MWSF gives a better performance  1g 1109/IPSN.2004.1307366

when the number of MEs is determined to be 3. Thg;, v p Bozdag, E. Ekici, F. Ozguner and R.W.
RPs identified should have additional capabilities .. ' ’
compared to the other sensor nodes which is a
challenging task. The power consumption of the RPS
will be more since they act as collection pointsichih
can be considered for future study.
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