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Abstract
WSN is a multi-hop network which depends on the intermediate 
node to relay the data so the energy of the nodes near to the sink 
exhausted very quickly, as a result network gets disconnected. To 
over the problem and to prolong the lifetime of the network we 
proposed Mobile Sink Wireless Sensor Network (MSWSN) model 
which uses a mobile sink to collect the data. We also proposed a 
mobility model to the sink to move in the network and cover the 
whole network area. Further we compare the simulation results 
with existing protocols and find that the proposed model gives 
better results in terms of throughput, residual energy and lifetime 
of the networks.
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I. Introduction
In recent days, Wireless Sensor Networks (WSN) is emerging 
as a promising and interesting area. Wireless Sensor Network 
consists of a large number of heterogeneous/homogeneous nodes 
(usually called as sensor nodes), which communicates through 
wireless media to the concentrator node (called as sink node) and 
works cooperatively to sense or monitor the environment. The 
number of sensor nodes in a network can vary from hundreds to 
thousands. Generally WSN deployed in the unattended and hostile 
environment, so the network lifetime is an issues in WSN. Each 
sensor node consists of a radio transceiver for communication 
purpose, micro controller for processing, sensor for sensing 
or monitoring the environment and battery for energy. Sensor 
devices are very small in size, having low processing power 
and consume less energy and the characteristics are; resource 
constraint, unknown topology before deployment, unattended and 
unprotected once deployed and unreliable wireless communication. 
Sensor networks are extremely constrained due to their energy 
limitation. This implies a special attention to reduce the number 
of messages exchanged and the computation time [1].
Mostly WSN are used in area monitoring, environment monitoring, 
industrial and machine health monitoring, waste water monitoring 
and military surveillance [2]. Application of sensor networks in 
different area like Temperature, humidity, vehicular movement, 
lightning condition, pressure, soil makeup, noise levels, the 
presence or absence of certain kinds of objects, mechanical stress 
levels on attached objects, and the current characteristics such as 
speed, direction, and size of an object [3]. It is possible to expand 
this classification with more categories such as space exploration, 
chemical processing and disaster relief.
There are many research have been done in Static Wireless Sensor 
Networks (SWSN), and many schemes, models and algorithms 
have been urbanized. Most existing studies assume that the sink is 
static, which works as a gateway between the sensor network and 
users, and all sensing data from the sensors are relayed to it through 
multi hop. As a result, the sensors near to the sink node become 
the bottleneck and since they have to relay the data of other nodes 
it consumes more energy. Once they die, the sink disconnects 

from the rest of the network while the rest of sensors are still 
fully operational with sufficient residual energy [9]. This is called 
static sink neighborhood problem. To overcome the problem, 
new strategies have been developed by make Dynamic Wireless 
Sensor Networks (DWSN) to balance the energy consumption 
among the sensors. 
By number of sinks, DWSN can be divided into two classes. 
The first class is DWSN with single sink [5]. The second class 
is DWSN with multiple sinks [4], i.e., there are more than one 
sinks in networks. DWSN with single sink have strong reliability, 
however, DWSN with multiple sinks have weak reliability but 
large coverage and more energy consumption. By considering 
mobile element, DWSN can be divided into three classes. The 
first class is DWSN with mobile data gathering nodes, i.e. data 
gathering node transfers data between sensor nodes and sink. 
The second class is DWSN with mobile relay nodes [6], i.e. relay 
nodes move between sensor nodes and sinks to relay data are 
deployed. The third class is DWSN with mobile sinks [4-5], i.e. 
sinks move in network area to gather data but sensor nodes are 
fixed. In DWSN with mobile node have long latency to deliver 
the data but it avoids the sink neighborhood problem. Our work 
focuses on the mobile sink in DWSN. By data gathering scheme 
sensor network divides in two parts, first is event driven data 
gathering and second is query driven data gathering. In DWSN 
with event driven data gathering, data can be transmitted to sinks 
in time but the size of node memory engrossed is large [8]. In 
DWSN with query driven data gathering, size of sensor nodes’ 
memory engrossed is small but latency is long [7]. 
By considering the number of hops transmission toward the sink 
node, sensor networks divided in to two parts, one is single-hop 
transmission and second one multi-hop transmission. In DWSN 
with single hop, sensor nodes communicate with the sink when 
the distance between them is one hop and both of them are in the 
communicating coverage [4].  In DWSN with multiple hops, there 
are multiple hops between sensor nodes and the sink to transmit 
the data [6-8].
In this paper we proposed a Mobile Sink Wireless Sensor Network 
(MSWSN) model, which uses a mobile sink to collect the data 
from the static nodes of the network. We also proposed a mobility 
model for sink to move with the relative distance, direction and 
speed. MSWSN increase the delivery ratio, residual energy and 
lifetime of the network by one hop communication.
The rest of the paper is organized as follows: Section II, discuss 
the relative works done so far in this area. Section III, describes 
the power consumption for direct and indirect communication 
between sources and sink node. Proposed model and mobility 
model are defined in Section IV. In Section V, we evaluate the 
performance of the proposed model followed by conclusion and 
references.

II. Related Works
Luo et al. suggests that the base station be mobile to avoid the 
multiple base stations in the service area; in this way, the nodes 
located close to it change over time. Data collection protocols 
can then be optimized by taking both base station mobility and 
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multihop routing into account. Then they consider joint mobility 
and routing algorithm and show that a better routing strategy uses a 
combination of round routes and short paths. They have compared 
different mobility strategies and obtained the optimum one under 
the assumption of certain routing strategies [10].
Papadimitriou et al. provides a novel linear programming to 
maximize the lifetime, that can be achieved by solving optimally 
sink sojourn time at different location and route the sensed 
data towards sink. The sink node can move to different places 
during network operation and the routing of the sensed data is 
performed across multiple hops with different transmission energy 
requirements. They evaluated numerically the performance of their 
model by comparing it with the case of static sink. Their approach 
is to maximize network lifetime and results in a fair balancing of 
the energy depletion among the sensor nodes [11].
Luo et al. proposed a routing protocol, called MobiRoute. It 
suggested for WSNs with a path predictable mobile sink to prolong 
the network lifetime and improve the packet deliver ratio, where 
the sink sojourns at some anchor points and the pause time is 
much longer than the movement time. Accordingly, the mobile 
sink has enough time to collect data, which is different from our 
scenario. Moreover, in MobiRoute all sensor nodes need to know 
the topological changes caused by the sink mobility. While in our 
approach, only the one hop neighbors need to know the change 
of the sink location and the members just send their data to their 
respective neighbors chosen in advance [12].
A scheduling problem has been introduced by Somasundara et al., 
where the mobile element needs to visit the nodes so that none of 
their buffers overflow. They presented heuristics for scheduling 
in the presence of a single mobile element. The performance of 
the heuristics were compared and shown that the modified vehicle 
routing problem with time windows gives better results in most 
of the cases [13].
Ma et al. propose a new data gathering mechanism for large-
scale multihop sensor networks and a mobile observer SenCar, a 
powerful transceiver and battery, works like a base station. It starts 
the data gathering tour from the outside observer, traverses the 
entire sensor network, collects the data from nearby sensors, and 
then returns to the outside observer and moving path of SenCar 
can affect the network lifetime significantly [14].
In [15] proposed a rendezvous-based approach in which a subset 
of nodes serves as the rendezvous points (RPs) that buffer data 
originated from sources and transfer to MEs when they arrive. 
They developed two rendezvous planning algorithms: RP-CP and 
RP-UG. RP-CP finds the optimal RPs when MEs move along 
the data routing tree and RP-UG greedily chooses the RPs with 
maximum energy saving to travel distance ratios. 
Rao et al. explored the idea of using a network assisted sink 
navigation and data collection framework to perform k-hop sensor 
data collection without node localization services. They proposed 
a solution framework and developed distributed algorithms which 
allow the sensor network to : identify a subset of nodes as sink 
navigation agent and data collection points, compute a sink 
navigation path using ANT based distributed TSP solution, identify 
Designated Gateways (DGs) and routing paths from sensors to 
DGs, and dynamically navigate a sink by the navigation agents 
along the computed path [16]. 
In [17], proposed a rendezvous based data collection approach 
in which a subset of nodes serves as the rendezvous points that 
buffer and aggregate data originated from sources and transfer 
to the base station when it arrives. This approach combines the 
advantages of controlled mobility and in-network data caching 

and can achieve a desirable balance between network energy 
saving and data collection delay. However, a major performance 
bottleneck of such WSNs is the significantly increased latency 
in data collection due to the low movement speed of mobile base 
stations.
Heinzelman et al. proposed mobility during the transition of 
the mobile sink from its current location to its next location, to 
minimize the data lose. They proposed heuristic for sojourn time 
and experimented by simulations to evaluate the performance of 
the proposed algorithm in terms of network lifetime [19]. 
In [22], A. Chakrabarti et al., described a way of power saving in 
sensor networks on predictable mobility of the sink node. They 
showed that predictable mobility can be used to significantly 
reduce communication power in sensor networks. One advantages 
of random mobility is boundedness of the transmission delay. They 
modeled the data collection process as a queuing system, where 
random arrivals model randomness in the spatial distribution 
of sensors to understand the gain. The model is performed for 
networks which uses only single hop communication and analyze 
the success in data collection, and quantify the power consumption 
of the network using queuing model.

Table 1: Related Work in WSNs with Path-Constrained Mobile 
Sinks

Communication 
mode Single Sink Multiple 

Sink

Single-hop Proposed model 
(MSWSN)

Rao et al. 
[16]

Multi-hop
Ma et al. [14], 
Somasundara
et al.[6]]

[6], [7], [8], 
[11].

III. Power Conservation Model
The lifetime of sensor network depends on the operation time 
of individual sensor nodes. Therefore, a model, which defines 
the amount of power consumed in each action of a sensor node, 
influences the lifetime of networks to a great degree. In proposed 
work, we assume a model where the radio dissipates Eelec = 50nJ/bit 
to run the transmitter or receiver circuitry and εamp= 100pJ/bit/m2 
for the transmit amplifier to achieve an acceptable Eb/No [18]. 
The power needed to transmit k bits of data over a distance d is:  
Etx= Eelec k + εamp kd2    (1)
And the power needed to receive k bits of data is:
Erx=Eelec  k     (2)
Where, d is the distance between the source and sink. Using a 
direct communication protocol, each sensor sends its data directly 
to the base station. If the base station is far away from the nodes, 
direct communication will require a large amount of transmit 
power from each node. This will quickly drain the battery of the 
nodes and reduce the network lifetime. Nodes route their packets 
to the base station through intermediate nodes. Thus nodes act as 
routers for other nodes in addition to sense the environment. The 
existing routing protocols consider the energy of the transmitter 
and neglect the energy dissipation of the receiver in determining 
the routes in Equation (2). 
Depending on the relative costs of the transmit amplifier and the 
radio electronics, the total energy expended in the system might 
be greater in multi-hop transmission than direct transmission to 
the base station. 
Assume that there are ‘n’ numbers of intermediate nodes to reach 
at the destination and also each adjacency nodes are differentiated 
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with distance ‘r’ between them. So, the total distance between 
source to sink is ‘nr’. If we consider the energy expenditure at each 
node during transmitting a single k-bit message from source node 
‘N’ to base station. A node located with a distance from the base 
station using the direct communication approach is in equations 
1 and 2, then from equation (1)
Edirect=ETx(k, d=n*r)
= Eelc * k + εamp * k * (nr)2

=k(Eelc+ εamp n
2 r2)    (3)

Packet passes through the ‘n’ intermediate nodes to reach at the 
destinations means it required ‘n’ times transmit and ‘n-1’ time 
receive. From equation (2)
Erx= (n-1) Eelec  k     (4)
So total energy conservation to reach at the destination is 
E= n (Eelc * k + εamp * k * r2)+ (n-1) Erx  
= Eelc * k * n + εamp * k * n * r2 + (n-1) Eelec  k
= k ((2n-1)Eelec+ εamp nr2)    (5)
In the direct communication with base station the energy 
conservation is 
E= Etx + Erx
= Eelec k + εamp kd2 + Eelec  k
= Eelec k + εamp kr2 + Eelec  k
= k (2 Eelec + εamp r

2)    (6)
From the above equations the total energy at n hop distance from 
the source to sink is defined in equation (5) and for single hop 
communication in equation (6). 

IV. Proposed Model
Several protocols and models have been proposed so far for 
data delivery and dissemination in WSN. Sensor nodes used to 
communicate with sink by multi-hop mechanism. Various proposed 
energy efficient techniques concerns the delivery of the sensed data 
from the sensor to the sink, which generally improves the burden 
to the nodes that are closer to the sink. More specifically, when 
a sink is statically placed, the sensor nodes that are the neighbor 
of sink tend to deplete their energy faster than other nodes. They 
consume energy to communicate their own data as well as they 
relay the data of other node and the sink gets isolated from the rest 
of the network due to early death of its neighbors when most of 
the sensor nodes are still fully operational. This problem, termed 
as “Sink Neighborhood Problem”, which leads to a premature 
disconnection of the network. 
To overcome this problem we need to make the network dynamic. 
As sensor network deployed for risk management and disaster 
management, we can’t make all the sensor nodes as mobile node 
because we can’t access all sensors for the renewal of energy and 
it is also not possible to establish a path in order to collect the 
data [19]. To overcome the above problem and prolong network 
lifetime we propose the new model called Mobile Sink Wireless 
Sensor Networks (MSWSN). 
In the proposed model we consider a large number n of sensor 
nodes placed at uniformly in the service area, for collecting data or 
monitoring events. Data collected by a single mobile sink travelling 
through proposed mobility model in the monitored region. Here 
we assumed that the sink has no significant resource limitation, 
i.e. computational, memory, and communication capabilities. Sink 
node is able to directly communicate wirelessly with a subset 
of one hop reachable nodes. Each sensor node in the network is 
equipped with a given buffer space that is utilized to store data for 
later retrieval by the mobile sink. We use WCDMA technology to 
enhance secure and energy efficient communication. Sink node 
changes its position randomly according to the proposed mobility 

model. Before changing the position sink halts for some fixed 
amount of time called a pause time to collect the data from the 
corresponding node within its range. Before changes its position 
it broadcast another beacon frame to reset the sensors. We follow 
the last step to reduce the packet drop. Here only sink moves 
randomly in the bounded service area shown in fig. 1.

 
Fig. 1: System Model of Mobile Mink WSN

Mobile sink needs the energy efficient and relative motion of the 
sink. Our proposed model provides the relative random motion 
of the sink. We need mobile sink because it resolve the energy 
efficient data collection in sensor network and overcome the sink 
neighborhood problem. It also avoids the multi hop communications 
and the threats arise in the multi hop communications. 

A. Network Assumption
In the proposed model we assume that sink node have enough 
energy, memory and processing power. During pause time sink 
communicates with the neighbors in three step process. In initial 
step it broadcasts a beacon frame to alert the neighbor nodes in 
the range to transmit data packet. Every node sets to send the 
packet to the sink. In the second step every node that have set, 
they send their data packets to sink with one hop. In the third step 
sink broadcasts a beacon frame to its neighbors to stop sending 
the data packet, which reduces the packet drop. 

B. Mobility Model of Sink
We need to propose the mobility model for the sink, because the 
proposed mobility models are not suitable for the sensor node. 
The random walk mobility model node moves randomly inside the 
bounded area and select the next position randomly with pickup 
with random position. Random Waypoint introduces the pause 
time with random movement wit changing direction and speed 
[24]. The Gauss-Markov Mobility Model was originally suggested 
for the simulation of a PCS after words this model has been used 
for the simulation of an ad hoc network protocol [25]. It proposed 
the relative motion of the node but it have not introduces any 
concept regarding moves in bounded area. [23], described about 
probabilistic version of random walk where node moves with 
predicted value. State 0 represents the current coordinate position 
of Mobile Node (MN), state 1 represents the MN’s previous 
position, and state 2 represents the node’s next position. Where 
each entry P (a, b) represents the probability that a node will go 
from state ‘a’ to state ‘b’. City section mobility model described 
in [23], where, each MN begins the simulation at a defined point 
on some street. An MN then randomly chooses a destination, also 
represented by a point on some street. The movement algorithm 
from the current destination to the new destination locates a path 
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corresponding to the shortest travel time between the two points. 
Upon reaching the destination, the MN pauses for a specified time 
and then randomly chooses another destination and repeats the 
process. Which are move either randomly without depending upon 
previous position or any are not introduce the concept to pause 
time for data collection. According to the mobile sink requirement 
for the data collection in wireless sensor network we propose the 
mobility model. The proposed mobility model is the combination 
of random way point and modified Gauss-Markov model. Gauss-
Markov mobility model is initially proposed for PCS [20]; and 
this model has been used for an ad hoc network [21]. Here we 
describe how it works for mobile sink in the WSN. 

1. Modified Gauss-Marko model
Assume that at time t1 sink is at position p1 (x1,y1).
Always sink movement based on previous position. We need 
to specify the initial position. Other are calculated by the given 
model. At the nth position:
 xn = xn-1 + sn-1 cos (dn-1) 
 yn = yn-1 + sn-1 sin (dn-1)    (7)
Where, (xn-1, yn-1) and (xn, yn) are the previous and the current 
position of the sink node respectively. sn-1 and dn-1 are the speed 
and direction of the previous position.  
The Gauss-Markov Mobility Model was designed to adapt to 
different levels of randomness. More specifically, the value of 
speed and direction at the nth instance is calculated based upon 
the value of position, speed and direction of the (n-1)th instance 
and a random variable shown in the following equations:
sn = αsn-1 + (1-α)sˊ sxn-1   (8)

dn = αdn-1 + (1-α)dˊ dxn-1   (9) 
Where, sn and dn are the new speed and direction of the sink at 
time interval n, sˊ and dˊ are constants representing the mean value 
of speed and direction as n → ∞; where, 0 ≤ α ≤ 1, is the tuning 
parameter used to vary the randomness, and sxn-1 and dxn-1 are 
random variables from a Gaussian distribution. As the proposed 
model’s assumption is the random motion of the mobile sink, so 
that it is according to values of α, sxn-1 and dxn-1 are taken randomly. 
Total random values obtained by setting α = 0 and linear motion 
is obtained by setting α = 1. Intermediate levels of randomness 
are obtained by varying the value of α between 0 and 1.
When sink heats the boundary then it returns back to the previous 
position. For that each time sink needs to save the previous position 
to calculate the next position. This produce the relative position, 
speed and direction based upon the previous value. Relative speed 
is necessary for the sink movement because it can’t follow the 
random movement.  

2. Random Waypoint Mobility Model 
Here we consider only pause time from random waypoint mobility 
model between each change of position. Here sink is staying in 
a location for a certain period of time (pause time). Once pause 
time expires, it moves towards the new calculated position at the 
selected speed. Here we use pause time because sink needs to 
collect the data packets before change its position and here we 
have taken long pause time is 20 second.

By combining this two mobility model sink moves randomly 
inside the service area and collect the data. 
In Algorithm 1 initially sink starts motion from the initial position 
of the bounded services area. Sink changes its relative position 
according to the proposed mobility. Sink broadcasts a start beacon 
frame to the neighbor nodes. After receiving the beacon frame 
each sensor node set their value and starts to send the data packets 
to the sink till receives the stop beacon frame. Just before sink 
changes its position (T – δT) sink broadcasts another beacon frame 
to reset the neighbor nodes and stop the transmission, to reduce 
the packet drop. After that sink changes to a new position and 
follow the same procedure every time.

V. Performance Evaluation
In this section we evaluate the performance of the proposed 
model and compare it with the existing technology with static 
network. The experiment has been done in ns 2.34, we have taken 
100 random sensor nodes in the 1000x1000 meter area. Initially 
all sensor nodes have same level of enegy, i.e., 1 joule and the 
communication range 25 meters. The transmitting and receiving 
energy is 50 nJpb and transmit amplifier to achieve an acceptable 
form is 100pJpb. 
Here we compared our proposed model Mobile Sink Wireless 
Sensor Networks (MSWSN) with traditional protocol flooding 
and flat routing protocol Sensor Protocol for Information via 
Negotiation (SPIN). SPIN is a negotiation base multi cast routing 
protocol [26]. Source first negotiates among the neighbors before 
start the data transfer.
Communication overhead becomes main issue in this type of 
network, which tends to MAC sub layer. Sensors transmit the 
packets to the sink node and sink collect it with Selective Repeat 
ARQ protocol in our simulation model.  
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Fig. 2: Time Vs Delivery Ratio

In this fig. 2, we have shown the delivery ratio of three routing 
protocols. Initially in flooding delivery ratio is higher than the 
SPIN because of their redundant data delivery nature. As soon 
as node dies, delivery ratio decreases. In SPIN the difference of 
minimum and maximum delivery ratio is less as compared to 
flooding. In the proposed model delivery ratio is nearly 100% 
because of one hop communication between the sources and sink 
node.

Fig. 3: Time Vs Number of Alive Node

Fig. 3, shows the the comparision between the simulation time 
versious alive node in the network. Because of the high complexity 
in flooding, nodes dies very quickly, hence many nodes die on the 
network, but the rate of dead node reduces during the simulations. 
In SPIN the dead node increases linearly, SPIN first negotiate with 
the neighbors before it sends data. In the proposed model for a 
long duration of simulation, network is stable. After a long time 
the rate of dead node increases linearly.

Fig. 4: Time Vs Residual Energy

Fig. 4, shows at initially of simulation residual energy of the 
network is very less in flooding. The reason behind the drastic 
decrement of residual energy of the network is the broadcasting 
nature of the node. A large number of nodes die because of this 
resion and further the network becomes disconnected. That’s why 
the residual energy of the network is almost constant till the end 
of the simulation. In SPIN during the simulation it transmits with 
negotiation based in order to reach at the destination. When a node 
reduces its energy below threshold level, it is not going to participate 
in data transmission. So that the decrement in the residual energy 
become almost constant in the rest of the experiment. Unlike SPIN, 
MSWSN doesn’t require any path finding to communicate, which 
decreases the residue energy linearly. 

Fig. 5: First Node Dies in the Network

Network life time means the first node dies in the network. Fig. 
5, shows the first 12node dies in the network with considering 
various technologies. In flooding the first node dies very quickly 
in the considering scenario because it floods the data packets to 
entire network in-order to deliver the data packets. Comparatively 
flooding, SPIN saves more energy and sends the data to the 
destination.  It sends the data after establishes the path and follow 
the same path until it breaks. In this way the node dies slowly. 
In the MSWSN model more energy saves and all nodes of the 
network are alive for long period of time.  

VI. Conclusion
Sensor networks with static sink suffers from the static sink 
neighborhood problem, where the energy of the neighboring nodes 
of the sink exhausted very quickly than the rest of the node in the 
networks and gets disconnected from the network. To overcome 
this problem we proposed a MSWSN model which prolong the 
network lifetime. We compared the simulation results with the 
existing protocol with static sink and found that the proposed 
model gives the better result in terms of throughput, residual 
energy and lifetime of the network.   
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