IJECCE

International Journal of Electronics Communication and Computer Engineering
Volume 3, Issue 1, ISSN (Online): 2249-071X, 1SSN (Print): 2278-4209

Scheduling Algorithmsfor Data Collection in
Wireless Sensor Networks - A Survey

Rajeev Paulus, Alok Singh, Aditi Agrawal, Manvendr

Abstract - Wireless Sensor Networks (WSNs) face
unavoidable challenges in the areas of maintaining
connectivity, network lifetime and energy efficiency in
its implementation.  Recently, several WSN
architectures based on mobile elements (MEs) have
been proposed which can beleveraged to overcome
these problems. Mobility of the mobile elements is
controlled by the protocols & algorithms. We surveyed
on different aspect data collection algorithms for
WSNs such as Partitioning Based Scheduling (PBS)
algorithm, Multihop Routeto M obile Element(M RM E)
algorithm, etc. and found the method scheduler of
mobile element in WSNs for data collection. Wehave
highlighted their objective, feature, complexity in this
paper.

Keywords - M obility, Mobile elements, TSP, Wireless
Sensor Network.

|.INTRODUCTION

WSN is a collection of sensor node able to sense
their environment, collect and process various data
communicate among each other.The use of WSN
have been proposed for critical applications such as
battlefield surveillance, habitat monitoring, traffic
monitoring,nuclear, chemical and biological attack
detection[1],[2]. In such applications, it is often
necessary to collect the data accumulated by each
sensor node for processing.Data collection is one of
the most important applications of wireless sensor
networks [3]. But, there are some numerous
challenges faced while designing WSNs, maintaining
the connectivity, reducing energy consumption and
maximizing the network life time stand out as critical
conditions.

The mobile elements are used to overcome these
challenges like balance energy consumption in
wireless sensor networks.The mobile devices can
also be used as an orthogonal method to address the
connectivity and lifetime problems in WSNg[4].
With communication devices on mobile platforms,

the connectivity, network lifetime and energy
efficiency problems can be addressed asfollows:
Connectivity: Maobile devices can be used to carry
information between the distributed sensor nodes
in the network.

Network lifetime: The energy consumption in the
sensor nodes is reduced considerably by
transmitting information through the mobile
devices which reduces multi hop communication
between nodes.

Energy efficiency: Information carried in mobile
devices can reduce the energy consumption of
sensor  nodes by reducing multi  hop
communication.

Mobile Elements can be deliberately built into the
system to improve the lifetime of the network and act
as mechanica carriers of data, which move around in
the sensing field. The mobile element, whose
mobility is controlled, visits the nodes to collect their
data before their buffers are full.

Thus the scheduling of mobile elements, i.e,
howthey traverse through the sensing field and when
they collect data from which sensor, is of ultimate
importance and has attracted increasing attention
from the research community. This scheduling of
mobile element is carried by algorithms which have
been explained in this paper. The first one is the
Earliest Deadline First (EDF) agorithm where the
node with the closest deadline is visited first
[11],[12]. To improve EDF, the second algorithm,
EDF with k-lookahead, is proposed [12]. Instead of
visiting a node whose deadline is the earliest, this
agorithm considers the k! permutations of the k
nodes with smallest deadlines, and chooses the next
node which leads to the earliest finish time.
Consequently, the EDF with k-look ahead algorithm
performs better than pure EDF. The third algorithm
is the Minimum Weight Sum First (MWSF)
algorithm [12], which accounts for the weights of
deadlines as well as distances between nodes in
determining the visiting schedule. After then the PBS
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algorithm is explained to schedule the ME visits to
the sensor node to collect routing messages without
buffer overflow[13].Finally, MRME algorithm is
explained that extends PBS to deliver urgent
messages(like traffic jams, accidents etc.) to MEs
within specific delay bounds [14]. The rest of the
paper is organized as follows: We have presented
mobility in WSNsin Section 2. In Section 3, we have
introduced algorithms such as Earliest Deadline
First(EDF), EDF with Kk-lookahead, Minimum
Weight Sum First (MWSF), Partitioning Based
Scheduling (PBS), and Multihop Route to Mobile
Element (MRME) algorithm. Conclusion is presented
in Section 4.

[1.MoBILITY FORME INWSN

Mobile Elements can be deliberately built into the
system to improve the lifetime of the network and act
as mechanical carriers of data, which move around in
the sensing field. The mobile element, whose
mobility is controlled, visits the nodes to collect their
data before their buffers are full. Various type of
mobility have been considered for data collection in
WSNs. These can be categorized with respect to the
property of sink mobility as well as the wireless
communication methods for data transfer:

Mobile Base Station-based solution:An MBS is a
mobile sink that changes its position during
operation time. Data generated by sensors are
relayed to MBS without long term buffering
[51.[6].

Mobile Data Collector-based solution:An MDC is
amobile sink that visits sensors. Data are buffered
at source sensors until the MDC visits the sensors
and downloads the information over a single-hop
wireless transmission [ 7], [8], [9].

The MDC based proposal can be broadly
classified as random, predictable or controlled:
Random Mobility: MDCs move in random patters
as proposed in [7].

Predictable Mohbility: An MDC’s movement
pattern is known, as presented in [8].

Controlled Mobility: An MDC’s movement is
actively controlled inreal time, as proposed in [9].
Rendezvous-based solution: Rendezvous based
solutions are hybrid solutions where sensor datais
sent to rendezvous points close to the path of
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mobile devices. Data are buffered at rendezvous
points until they are downloaded by mobile
devices, [10].Rendezvous based solution adapts
both the properties of MBS and MDC based
solutions.

[11. SCHEDULING ALGORITHMS

In this section, we have presented a survey of the
existing scheduling algorithms for the Mobile
Element (ME) in Wireless Sensor Networks (WSN).
The Earliest Deadline First (EDF) algorithm exhibits
the characteristics of scheduling the ME starting with
the least deadline nodegq[11],[12]. EDF with K-look
aheadalgorithm schedules with reference to the k
value [6]. The schedules are formulated with
reference to the look-up of k nodes. The Minimum
Weighted Sum First (MWSF)algorithm schedules are
done based upon a weight calculated on the deadline
of the sensor nodeg12]. The portioning Based
Scheduling (PBS) agorithm that computes periodic
paths of an ME to avoid sensor data loss at low ME
speedq[13]. The Multihop Route to Mobile Element
(MRME) dgorithm that extends PBS to deliver
urgent messages to MEs within specific delay
bounds[14]. In the scheduling process, the ME’s visit
is scheduled only for these boundary-near nodes as
the aggregated data is available in this boundary-near
nodes. Rendezvous Points finds the optimal RPs
when MEs move along the data routing tree in order
to perform data collection.

3.1 Earliest Deadline First (EDF)

The EDF agorithm is the simplest of al ME
Scheduling agorithms. In this agorithm, the node
which has the least deadline value is visited first,
irrespective of all other constraints. The advantage of
this is that, it is very easy to be implemented in a
sensor network and less complexity is involved. But
one obvious shortcoming of this algorithm is that it
does not take into account the cost values and relies
only on deadlines. We are given the following
notation for explain the EDF algorithm:

A fully connected graph of n nodes: node[1..n]

A matrix cost[1..n][1..n] that denotes the time
taken togo from one node to another

A vector that contains buffer overflow
times,overflow_time[1..n].
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« A starting nodey.

The Earliest Deadline First (EDF) algorithm can be
summarized below.

EDF Algorithm
1. Input:
cost[1..n][1..n], overflow time[1..n], start_node
2. Initialize:
current_ time = 0, current_node= start_node,
deadling[1..n] = overflow_time[1..n]
3. Main: Repeat the following
i. Choose the node i Zcurrent_nodewhose
deadline is closest
ii. If deadling[i]<current_time+
cost[current_node][i]
-Declare failure and
stopiii.Else
-current_ timet = cost[current_node][i]
- current_node= i
-deadling[i] = current_time+
overflow_time[i] END

The drawback of EDF agorithm
Wheninvolved the higher cost, this
several failed
avoided.

3.2 EDF with k-lookahead

The EDF-k look ahead algorithm is an extension
of EDF algorithm. In this, the ME does not visit
the node where the deadline expires immediately,
instead the deadlines of the next k nodes is
analyzed, to know if all the nodes satisfy their
deadlines. Only if al the deadlines are
satisfied, then the ME goes to the first node in the
selected path. The EDF with k-lookahead
algorithm is presented bel ow-

is that
leads to
nodes which could have been

EDF with k-look ahead

1. Input:

k, cost[1..n][1..n], overflow_time[1..n], start_node
2. Initidize:

Current_time, current_node, deadling[1..n]as EDF.
3. Main: Repeat the following

i. Sort deadling[1..n] inincreasing order.

ii. Using thefirst k entries:

- Find an ordering of these k entries so that

(a) None of the k nodes misstheir deadlinesin the
next ksteps,
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(b) Arriva time at the node at (+) entry is minimum,
and
(c) Thefirst nodein the resulting permutation is
notthe current node.
-If none exists, declare failure and stop.
iii. Let thefirst node in the ordering found beii.
-current_time+= cost[current_node][i]
-current_node= i

- deadling]i] = current_time+ overflow_time]i]

3.3 Minimum Weighted Sum First (MWSF)

The Minimum Weighted Sum First algorithm is
different from the normal EDF algorithm because in
addition to considering the deadlines, it also takes
into account the cost of each edge in the network.
MWSF Algorithm

1. Input:

Weight a €0, 1],
cost[1..n][1..n],overflow_time[1..n],Sart_node

2. Initialize

curren_time, current_node, deadling[1..n]as EDF
algorithm.

3. Main: Repeat the following

a W, caculate, weighted suni] = a #(deadling[i] —
Current_time) + (1 — a) =cost[current_node][i]

b. Choosethenodei _=
current_nodewhose\Weighted_suni] is minimum
-ifdeadlingli] <current_time+

cost[current_node][i]

*declare failure and stop

-Else

*current_time+ = cost[current_node][i]
*current_node= i

+deadlingi] = current_time+ overflow_time[i]

END

Table 2. Effect of a values on Minimum Weighted

Sum First heuristic
a €[0, 1] Result

Weight to deadlines only. Same as EDF.
0 Weight to cost only. Results in back and
forth motion between closest-distance
nodes. All other nodes miss their

deadlines.
small Higher priority to closer to nodes
big Higher priority to closer deadlines
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Table 2 shows the effect of different a valueswhen
0<0.5, the scheduling is performed predominantly
based on the cost. When a>0.5, it relies more on the
deadlines. With a single ME, Minimum Weighted
Sum First is found to perform better than EDF with
0<=0.1. The MWSF agorithm performs the best
among the EDF and EDF with k-lookahead proposed
algorithms.

3.4 Partitioning Based Scheduling (PBS)
Partitioning-Based Scheduling (PBS) algorithmis
designed to solve the Mobile Element Scheduling
problem, which aims to schedule the visits of the
mobile element to each sensor to avoid data loss due
to sensor buffer overflow.PBS tacklesthe MES
problem in two phases:

Partitioning phase

Scheduling phase

In the partitioning phase nodes are grouped in such a
way that nodes in a group have similar buffer
overflow times and are closely located.

In the scheduling phase the trgjectories inside groups
are computed, and then concatenated to form a
complete trgjectory.

Commonly used symbols and notation for PBS &
MRME algorithms are follows:

n; Sensor node i

o, Overflow time of
W ; Geographic distance between node and

B, Bini of portioning by overflow time
B,; j" sub-bin of Bini
N; 4 The set of distance-d neighbors of

A The maximum delay that can be tolerated for
urgent messages

D, Theworst case delay for urgent messages
generated on node

The PBS agorithm can be presented as bel ow:

PBS Algorithm

1. Partition the nodes { } into M bins according to
the buffer overflow times{ }.

Geographically partition each bin into 2 sub bin
susing partitioning algorithm.

Calculated a TSP path for each sub bin.
Concatenate al TSP paths to build the overal
schedule.
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The partitioning of nodes into groups is
accomplished with a two-step process. In the first
step, al nodes are grouped into bins B, 1 <i <M,
such that the minimum overflow time o, in B, is
twice the minimum overflow timeo; in B;. Although

every bin Bi has nodes with different overflow times,
we assign the minimum overflow time to all nodesin
that bin. Consequently, we can treat al o, nodes in

the same bin equally without violating the overflow
conditions. In the second step, nodes in a binB, are
partitioned into 2'* sub-binsB! 1< j<2,1<j<2,
using a 2d tree algorithm such that nodes in the same
sub-bin are located close to each other.

The generation of visiting schedules is also
accomplished in a two-step process. In the first step
paths that traverse each node in a sub-bin once are
calculated for each sub-bin individualy. The sub-bin
paths are calculated using a solution to the Traveling
Salesman Prablem (TSP). In the second step these
partial paths are concatenated in such a way that the
nodes are visited at appropriate frequencies. Note
that a bin B,,is partitioned into twice as many sub-

binsas B, .
However, a sub-bin B, of needs to be visited only
half as frequently as a sub-bin of B, .

Nodes in bin B1 ME path for cycle 1

Nodes in bin B2 ME path for cycle 2

Fig. 1 A sample network deployment and the ME
path generated by the PBS algorithm. The overflow
times for the nodes are as follows: o,

0,= o= 4 time units; o,= o,= o,= 8 time units.
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Figure 1 demonstrates a smple example of the PBS

algorithm. Partitioning with respect to buffer
overflow times results in bins B, ={n,n,,n;} and

B, = {n,,ns,ng,n; } for the sample network. Then B;is
partitioned into two with respect to sensor locations
resulting B; = {n,,ns} and B5 = {ns,n,}. Nodes in B, are
visited every cycle, and nodes in B, are visited every
other cycle. Let us assume B,; is visited every even
cycle, and B2 every odd cycle. In the example of Fig.
3.1, two cycles of ME visits are formed by the PBS
algorithm. The first cycle consists of the nodes in
B and B; with visit order of n;,n,,ns,n,,nsand back
to n,. The second cycle consists of the nodes in
B! and B; with the order ny,n,,ns,ng,n, and again back

ton,.

3.5 Multihop Route to Mobile Element (MRME)
Since, the primary objective of the PBS algorithm is
to ensure that the data is collected before sensor
buffer overflows occur. It is aso possible that
sensors generate urgent messages that must be
delivered to MEs within given delay bounds in
addition to regularly generated data. As an example,
sensors in the traffic observation scenario may also
detect accidents in addition to regular data collected.
The accident information is an Urgent Message
(UM) that must be delivered to an ME in A amount
of time. For solving this problem, MRME algorithm
is used. Therefore, MRME aims to minimize the ME
speed while finaly in the last phase, the PBS
algorithm is applied using the reduced overflow
times. MRME reducing overflow times to meet the
specified UM delay. MRME agorithm consists of
three phases.

Overflow time reduction phase

+ Initial covering phase

« PBSagorithm phase

In the overflow time reduction phase a node is
selected and its overflow time is reduced based on a
gain criterion. Then, nodes covered thanks to
overflow time reduction are determined. This phase
isrepeated until all nodes are covered.

In the initial covering phase, nodes n, that satisfy D;

< A are determined. We refer to the nodes that can
meet the UM deadline requirement as covered nodes
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guarantees that the generated ME schedule solves the
DMD problem.

The MRME agorithm can be presented below:
MRME Algorithm

1. Build n;,dforal nneNandd=0,1,..., dx
by applying Floyd’s all-pairs shortest path algorithm.
2. Mark al the nodes as uncovered

3. Determine nodes n; that satisfy D, < A and mark

them as covered

4. while There are uncovered nodes do

5. Find the node with maximum gain and reduce its
overflow time

6. Determine nodes n, that satisfy D, < A and mark
them as covered

7. end while

8. Run PBS agorithm with modified overflow times.

. Mobile Element
O Sensor Nodes

-
) \
o

Mobile Element Route

Fig.2. Multi-hop communication to reduce UM delay
in MRME agorithm

In Figure 2, UMs can be relayed to nearby
neighbors that are visited more frequently by the ME
as shown is the example of the MRME agorithm.
Therefore, UMs do not have to wait until the next
ME visit to be picked up as in the case of a PBS
solution. Therefore the Multihop Route to Mobile
Element (MRME) agorithm that extends PBS to
deliver urgent messages to MEs within specific delay
bounds.

V. CONCLUSION

In this survey paper, we have presented the
scheduling algorithms one by onefor data collection
in wirgless sensor network. Mobility with scheduling
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algorithm for data collection in WSNs can maximize
network life time and increasing the connectivity of
sensor nodes and clusters. Also, concluded that the
performance of MRME algorithm is better in terms
of decreasing urgent message loss rate while
minimizing the mobile element speed to avoid data
loss.

Our further work includes investigation of methods
to utilize more than one mobile element for data
collection to solving the MES and urgent message
problems.
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