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Abstract—In this research an efficient data gathering scheme 

is presented using mobile sink as data collector with Clustering 

as sensor organizer in a randomly organized sensors in sensing 

field for wireless sensor network. The scheme not only extends 

the network lifetime through clustering process but also 

improves the data gathering mechanism through efficient and 

simplified mobile sink movement scheme. The cluster heads 

selection is based on both energy and data weight, which 

gathering all the data from the nodes within a cluster and then 

delivers it to the sink. The single mobile sink which visits the 

cluster heads as per defined path gathers data periodically. The 

scheme is organized through “Mobile Sink based Data Gathering 

Protocol (MSDGP)” which combines single message energy 

efficient clustering and data gathering process. For performance 

evaluation, the protocol is extensively simulated for different 

performance metrics, namely Residual energy consumption, 

Number of dead nodes during variable number of rounds and 

Network lifetime. The results proves that MSDGP is successful in 

achieving the defined objectives of energy efficiency and is 

capable of extending the network lifetime by increasing the 

number of rounds. Therefore, proposed protocol is more suitable 

for scenarios where sensor nodes generate variable amount of 

data. 
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I. INTRODUCTION 

The current increase in the demand for usage of 
multimedia applications and their data in the field of Wireless 
Senor Network (WSN) anticipate an efficient infrastructure 
[1] for data gathering & delivery mechanism as well as energy 
efficiency over clustered topology. Such energy efficient 
infrastructure can be achieved by reducing the number of hops 
for communications [2], [3]. Considerable research has been 
focused on developing a robust energy efficient navigation 
system for the sinks in WSNs.  In the recent years, multiple 
approaches have been proposed for both clustering and sink 
mobility [4], which broadly falls into two categories of 

proactive and reactive approach. In proactive approach, the 
sensed data is stored on the specialized central nodes storage, 
which is later collected by the sink [5]. On the other hand, in 
reactive approach, the sensed data is collected directly from 
the sensing nodes by the mobile sink. 

The added motivation behind this research work is the 
further study of different factors contributing towards the 
strategies concerning clustering process and mobile sink 
adaptation in WSN environment and to utilizing these factors 
to devise simpler and efficient mechanism to improve sensor 
network efficiency and performance involving energy 
consumption and network lifetime, and contribute to a better 
understanding for the feature research activities. 

The recent growth in event based and user centric 
applications which target remote monitoring, surveillance, and 
other related applications will deeply benefits from this 
research. This research aims to target the most common issues 
faced during the clustering of sensors and movement of 
Mobile Sink [2] for data gathering within a sensor field to 
provided data gathering scheme with limited constraints. 

This paper presents a fixed mobility based reactive 
protocol named “Mobile Sink based Data Gathering Protocol 
(MSDGP)”. In this protocol, the sensor nodes with highest 
energy and highest amount of data are selected as cluster 
heads which gathers data from the normal nodes within the 
cluster. This data is stored unless the mobile sink (with 
predefined mobility) comes within the transmission range of 
the cluster heads and request for the aggregated data. Once the 
request is received, the cluster heads forward the data to the 
mobile sink. 

To performance of the proposed protocol is evaluated for 
multiple parameters using intensive simulations. The results 
show the MSDGP incurs low energy consumption with less 
dead nodes over a period of time, extending network lifetime. 
The paper is further organized by presenting core related 
research readings in Section 2 and proposed research protocol 
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in Section 3. The Section 4 details simulations, findings and 
results, whereas paper is concluded in Section 5. 

II. RELATED WORK 

In currently available literature, the researchers have 
concentrated on the different methodologies in this field of 
WSNs over the period of few decades both physically and in 
terms of their working. Enormous schemes have been 
designed to achieve optimum performance depending upon 
the purpose and their implementation. Architectural 
advancements have been done and two basic approaches [1] 
are mostly being followed; Static nodes with static sink / 
mobile sink and mobiles nodes with static sink / mobile sink, 
with experimentation with hybrid approaches as well. 

Currently with the advancement in wireless technology, 
mobile sink or sink mobility is a hot topic and lot of work is 
being done in this field considering the large / multimedia type 
data targeting routing techniques for QoS and Network life 
time with goal of achieving efficient performance both in 
terms of routing and improved network life time (energy 
efficiency). 

Sensors connectivity is utilized in schemes [5] to 
determine mobile sink path by locating data collection points 
at centroid of each cluster to minimizing multi-hop 
communications using travel salesman scheme for path 
determination. And schemes [2] where, MS path identification 
is based on message success rate from node to BS through 
information flooding over the network to find best path 
towards BS. Such schemes exert excessive inter-node 
communication and imbalanced energy usage due to direct 
communication with nodes. 

Sink mobility techniques using dynamic virtually 
adjustable routing tree [3] using virtual backbone for routing 
data from CHs to edged circular mobile sink also limits energy 
efficiency as MS path consists of virtual tree and straight lines 
whereas cluster heads are selected nearest to the selected path. 
Each CH may follow multiple paths based on the location of 
MS causing overhead of path reconstruction. Whereas, direct 
mobile sink data gathering method based on centroid 
collection points in clusters [6] may collect data directly from 
all nodes but increase nodes-MS communication, limiting its 
implementation for large clusters. 

Multiple specialized relays based data transfer schemes 
using pre-define movement of mobile sink, relays are selected 
based on point that CHs closest to mobile sink [7]. The 
constraint fixed trajectory of MS highlight the to-and-fro 
messaging neglects the energy consumption and multi hop 
data transfer rises data loss and collision. Similarly, [8] signal 
strength is considered for next-hop selection, whereas slow 
MS speed along its trajectory increases delay in data delivery 
to sink from high storage and energy abundance relays. In [9], 
protocol is applicable to limited scenarios, because the sink 
speed is fixed and the overall network lifetime is limited. 

In [4], energy-hole problem is discussed through MS based 
Routing Protocol (MSRP) to increase life of network. CHs 
gather data from the normal nodes and wait until the sink 
arrives. On the arrival of the sink, the CHs send their data to 
sink. The sink considers energy of the CHs to schedule its data 

collection. Do to so, the sink records the energies information 
of CHs. As the sink gathers data from CHs and their neighbors 
to balance the energy consumption, this protocol provides 
enhanced network lifetime [10]. 

In [11], protocol called Virtual Circle Combined Straight 
Routing is proposed, using a combination of circles and 
straight lines to elect Cluster-Heads (CHs) and create a virtual 
backbone network. CH nodes collect data for delivering to 
sink using tree structure. The CH broadcasts request to sensors 
and form a tree to provide shortest path to the sink. The 
limitation of this protocol is that the sink follows only a 
circular path can cause longer delays in data collection. In 
[12], the authors proposed a protocol which visits subset of 
nodes to get sensed data. In this protocol, depositing sensed 
data at nodes and formation of virtual structure may cause an 
imbalance in energy and storage space. It is because the nodes 
and their next hops may quickly deplete their energy. Sensor 
nodes purposively has buffer space for sensed partial data 
storage, composed of data as well as compressed version of 
their neighbors. This protocol is suitable for scenarios where 
real time data is not a primary concern. 

In [13], the authors propose a geographic routing protocol 
based scheme called Integrated Location Service and Routing 
ensuring MS packet delivery. MS, sensors, neighbor nodes all 
broadcast their location. MS movement is slow; network is 
static and MS hang on to at least one node on the network 
during one complete process. Target nodes near the sink are 
considered first for any changes in the data. The process of 
location update is time-stamped. 

In [14], propose a protocol for delay-tolerant application. It 
focuses on self-aware MS for its future trajectories through 
broadcast of anticipated trajectories set to nodes. Relay nodes 
are used as mind points to route data to mobile sinks with 
trajectories information. Relays store all data for delivery to 
sink on its passing and predict other possible trajectories of the 
mobile sinks. This protocol provides improved data delivery, 
but incurs high energy consumption due to retransmissions. 
Similar concept [15] of mobile CHs which increase WSN 
lifetime for real time applications. The mobile CHs gathers 
data from the network before sending it to sink situated at the 
center of the sensing field. All moving CHs ensure connection 
with base-station during reporting. Three schemes are adapted 
for CHs movement to minimize communications and enhance 
network lifetime. The requirement of resource-rich mobile 
CHs is the major limitation of this scheme. 

In [16], hierarchical cluster based architecture with large 
number of nodes, their CHs and one mobile sink is proposed. 
A predefined movement strategy through finding an optimum 
Hamiltonian Round calculated by sink according to Euclidean 
distance table provided by sink. Sink broadcasts message for 
CHs location which is replied with Cartesian coordinates, the 
sink calculates Euclidean distance between each CH and other 
CHs and between each CH and itself. In [17], scheme requires 
a single mobile sink for data collection. Do to so, the MS 
moves in a straight direction for data collection from nodes. 
This protocol focuses to minimize communications through 
efficient path planning with an ultimate goal of energy 
efficiency. To do so, a message is sent to the sink from where 
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it is transmitted to the nodes and their neighbors. The sensor 
nodes report data to the sink when event of the similar interest 
occurs [18]. Moreover, acknowledgment is used to confirm 
successful packet delivery for each packet. The drawback is 
the limitation in fixed line path of mobile sink and avoiding 
delay. 

The clustering protocol in [10], basis cluster heads 
selection on residual energy and centroid positioning of the 
node. Due to static sink, inter-cluster communication is done 
by utilizing cluster’s overlapping nodes as anchor nodes or 
guard nodes. Excessive intra and inter cluster communication 
is done for data gathering. 

The DEMC protocol is used to check the performance of 
MSDGP, and to evaluate if the selection of cluster heads on 
the basis of residual energy and data volume provides 
improved network lifetime then scheme of residual energy and 
the centroid positioning of that specific node. 

III. THE PROPOSED PROTOCOL 

A WSN consists of a set of nodes V, where v represents a 
single node and v∈V. Each node is recognized by a unique 
identifier, whereas all nodes communicate via full-duplex 
links. Moreover, a cluster is a subgroup of V, and multiple 
clusters cover the entire network. 

The assumptions for our network model are listed as 
follows: 

 Randomly deployed sensor in the sensing field. 

 Nodes will be stationary. 

 Nodes will use fixed transmission power. 

 The sink is mobile with rich resources. 

 Nodes unaware of their location information. 

MSDGP uses three types of nodes, mentioned as follows: 

1) Normal nodes: Nodes that sense information from the 

surroundings. 

2) Cluster-heads: The nodes accountable to collect data 

from the normal nodes. 

3) Sink node: The node that collects data from the cluster-

heads and provide it to the outer world. 

 

Fig. 1. General Structure of proposed WSN 

B. MSDGP Operation 

All the sensors are randomly deployed in the target sensing 
field; clustering is performed where cluster heads are selected 
through election between sensors on the basis of both data 
stored and residual energy of involved sensors. Once the 
cluster heads are selected, the normal nodes associate 
themselves with the cluster heads and forward their sensed 
readings to that cluster heads within a cluster. Once the data is 
gathered, cluster heads forward their collected sensed readings 
to specialized mobile sink whenever it comes within the 
vicinity or in their transmission range. The proposed is a fixed 
mobility based reactive wireless sensor networks with basic 
objective behind the selection of cluster heads on the basis of 
energy and data is to minimize the overall intra cluster 
communication to achieve extended network lifetime. 

C. MSDGP cluster formation 

The formation of the clusters for the sensor nodes is purely 
based on selection of their cluster heads. Therefore, cluster 
heads must be selected in an optimal way. MSDGP selects the 
cluster heads by calculating residual energy (E) and size of the 
sensed data (D) of the sensor nodes. To do so, each node 
calculates a weight (W) considering E and D and makes a 
decision of becoming a cluster head. The weight can be 
calculated as: 

W= (α × E) + (β × D) + (µ × I)    (1) 
Where, 

0 < µ < β < α < 1. 
The weight (W) is a linear combination of E, D, and I, 

where E has greater proportion in weight calculation followed 
by D and I, respectively. It is because, we have given energy 
the highest importance followed by size of the sensed data, 
whereas I works as a tie breaker incase two nodes have similar 
energy and data size. Once, every node calculates its weight, a 
timer (T) (delay) is set for the broadcast of a clustering request 
message as per the following: 

T = 
 

 
             (2) 

In the initialization phase, all nodes assume that they are 
the cluster-heads, therefore, they set their cluster-head flag to 
true. However, when the respective timers of the nodes are 
reached, the nodes broadcast their cluster message as per 
weight of the node. When the other nodes receive the 
clustering message, they simply compare their received weight 
to their local weight. If the received weight is greater, they set 
the node (from which the message is received) as their cluster-
head. Moreover, then mark self-cluster head flag to false, 
cancelling scheduled clustering request. 

D. MSDHP Intra-cluster communication 

Once the clustering is performed and completed, the 
remaining of the nodes associate themselves with the cluster 
heads and start reporting their sensed data to that respective 
cluster heads based on saved cluster-head ID. The cluster head 
on receiving the data performs aggregation and sends that data 
to available mobile sink, normally when cluster head is within 
the transmission range to that mobile sink. 
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E. Mobile Sink Data Collection 

In MSDGP, the sink follows rectangular mobility model 
and covers the entire network crossing the clusters formed. It 
sends data requests to cluster heads within the transmission 
range and collects the aggregated data. In this way, the sink 
collects the aggregated data from the cluster-heads. The data 
gathering phase depends on the speed of the mobile sink and 
is long enough in which a mobile sink can traverse throughout 
the network. 

F. MSDGP Algorithm 

The following sub section presents the algorithm being 
employed for MSDGP, It has been divided into four phased 
namely Initialization phase, Phase1, Phase2, and Phase3. The 
initial phase is responsible for information gathering required 
for initial setup and working of the preceding phases. In phase 
1, clustering is done, which includes selection of cluster head. 
Phase 2 carries out data gathering by CH from normal nodes. 
Phase 3 is responsible for gathering data from CH through 
movement of mobile sink. 

Initialization phase: 

1. Deploy_Nodes()  

2. I ← Assign_Node_ID() 

3. E ←Assign_Default_Energy() 

4. D ←Sense_Data() 

5. W = (α × E) + (β × D) + (µ × I) 

6. T = 
 

 
  

7. Is_Cluster_Head =  True 

8. Schedule_CH_Message (T) 

Phase 1: 

9. IF Timer_Expires() 

10.   Broadcast_CH_Message() 

11. END IF  

12. IF CH_Message_Received() 

13.          IF Rec_W >W 

14.               Set_CH(Rec_Node_ID) 

15.               Is_Cluster_Head = False 

16.          END IF 

17. END IF 

Phase 2: 

18. IF Normal_Node() 

19.      Send_Data (D, CH_ID) 

20. END IF 

Phase 3: 

21. IF Node_is_Sink() 

22.          Broadcast_Data_Request() 

23. END IF 

24. IF Data_Request_Received() 

25.           IF Node_is_CH() 

26.               Send_Data(D, Sink_ID) 

27.           END IF 

28. END IF 

__________________________________________________ 

IV. RESULTS AND DISCUSSION 

The comprehensive simulations have been organized to 
evaluate the performance of MSDGP using OMNET++, a 

simulator that uses INET [19] framework. INET framework 
consists of simulation modules that are specially designed for 
wireless sensor networks. The energy model that is presented 
in [20] is used based on which, the energy consumed in 
transmitting a k bit message over a distance d is calculated as: 

2),(

),()(),(

dkEkEdkE

dkampEkelecEdkE

ampelecTx

TxTxTx




      (3) 

Similarly, the energy consumed in receiving the message 
is calculated as: 

kEkE

kelecEkE

elecRx

RxRx





)(

)()(
       (4) 

Where, 
),( dkETx  represents, amount of energy that is 

needed to send k bit message over distance d meters. 

Similarly, 
)(kERx  represents the amount of energy that is 

needed to receive k bit message. Moreover, elecE
 and ampE

 
represents the amount of energy required for using the 
transceivers and amplifier, respectively. 

 
Fig. 2. MSDGP simulation using OMNET++ 

The simulation setup and other parameters for the 
simulation are detailed in table 1.  All the protocols evaluated 
during the performance comparison have been setup using 
these parameters. 

TABLE I.  SIMULATION SETUP 

Type Parameter Value 

Network 

Field dimensions 

Nodes location 

Sink mobility model 

Sink initial energy 

Sink speed 

Nodes initial energy 

1000×1000 

Random 

Rectangular 

9 J /battery  

Fixed 5 (0-20 m/s) 

3 J /battery 

Application 

 

Data packet size 

Broadcast packet size 

Packet header size 

Variable 

25 bytes 

 

25 bytes 
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Radio Model 
elecE  

ampE  

50nJ/bit 

 

0.0012pJ/bit/m4 

A. Sum of Residual Energy: 

Figure 3, shows the results for the Sum of residual energy 
consumed by all the sensor nodes with respect to variable 
number of rounds. As MSDGP and MSDGP-E are designed 
for static sensor network with mobile sink, the overall energy 
consumption is recorded to be low as compared to DEMC as 
DEMC is designed for static sink or base station. However, 
during clustering phase both MSDGP and MSDGP-E uses 
single message clustering approach which plays important role 
in saving energy required for clustering as compared to 
DEMC which not only uses multi-messaging during clustering 
but also uses multi hoping for data delivery to base station 
which is avoided by both MSDGP and MSDGP-E. 
Considerable amount of energy is saved in both phases. The 
result shows that for all three schemes the energy consumption 
spikes during the middle rounds and then slowdowns due to 
the low concentration of the nodes towards the end. 

 

Fig. 3. Sum of residual energy of all nodes 

B. Number of Dead Nodes: 

Figure 4, shows the number of dead nodes with respect to 
variable number of rounds of the MSDGP, MSDGP-E and 
DEMC protocols. As projected in result and due to the fact 
that both MSDGP and MSDGP-E are based on similar sink 
mobility approach so there is only small difference among  

 

Fig. 4. Number of dead nodes w.r.t rounds 

their number of dead nodes due to clustering technique 
difference whereas DEMC being totally different approach 
shows major difference in number of dead nodes specially 
towards the end. The results proves that multi-hoping 
consumes more energy during inter-cluster communication. 

MSDGP uses intelligent clustering mechanism that uses a 
single message for cluster formation. In addition, the cluster-
head communicates with the sink only. Hence, it can be 
concluded that it also uses optimum number of clustering 
messages to achieve the required level of packet delivery ratio, 
which does not exceed one. However, under high mobility of 
the mobile sink, the packet loss may increases and the packet 
delivery ratio is affected. 

 

Fig. 5. Network lifetime w.r.t variable nodes 

C. Network Lifetime: 

Figure 5, presents the network lifetime of proposed 
MSDGP, conventional approach MSDGP-E and base 
approach of DEMC with respect to variable number of nodes 
being introduces into the system. As all three schemes uses 
same fixed transmission power as per the simulation setup, the 
overall network lifetime is shown as it fluctuate when the 
sensor nodes increases. Due to the fact that all three schemes 
select cluster heads using different approaches which make 
remarkable difference in their overall network lifetime. It is 
because; when concentration of nodes is less, lesser is the 
intra-cluster communication w.r.t clustering whereas selection 
of cluster heads in MSDGP (residual energy and data volume) 
reduces the overall communications in the network. 
Consequently, MSDGP provides improved energy efficiency 
(due to less communications) and extends the network lifetime 
as compared to DEMC where both intra and inter- cluster 
communication are being done with additional usage normal 
nodes as  anchor nodes, which also do imbalanced energy 
consumption . 

V. CONCLUSION 

This paper presents a novel scheme for wireless sensor 
networks. It is a fixed mobility based reactive protocol using 
clustering based on the amount of sensed data and residual 
energy. The motive behind this cluster formation was to 
extend network lifetime by reducing the intra-cluster and 
eliminating inter-cluster communications. Results show that 
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MSDGP achieved less energy consumption and provided 
extended network lifetime through implementation of single 
message CH selection process and by introduction of mobile 
sink instead of static sink. 

VI. FUTURE WORK 

As a future work, QoS operations and data recovery 
mechanism are to be implemented into the proposed scheme, 
and compare it with more protocols and evaluate its 
performance using new performance metrics involving QoS 
parameters like throughput, fault tolerance, coverage areas and 
will also introduction hybrid approach by combing nodes 
mobility and more fixed Sinks. 
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