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Abstract—Mobility has become a major research area in today’s communication world. Considering the Wireless Sensor 
Network (WSN), sensor nodes are deployed in regions where itself monitoring of the sensor network is difficult task. So 
some mechanism is required which keep the energy of these sensor nodes reserved by minimizing their effort for sending 
data. Sink mobility thus plays an important role which itself collect data by moving inside or outside the sensor field. 
Node’s effort to route construction thus gets minimized. But the mobility concept requires the location updates of the sink. 
We have reviewed various mobile sink routing algorithms that aims to minimize energy consumption and thus improving 
network lifetime. These routing algorithms define the route for data collection with respect to mobile sink movement. 
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I. INTRODUCTION 
 
As the technology is growing at a very speed, many 
areas have growing needs of fast and time efficient , 
self configurable mechanisms to look for physical 
conditions of the surroundings. For the collection of 
data in the form of temperature, humidity, pressure or 
any related event, WSNs are widely in scope and use 
today. WSNs comprised of low powered devices, 
called sensors that have limited storage capacity and 
processing capability. Sensor nodes are small 
hardware/radio devices that sensed the parameters for 
which they are deployed, store them for a while and 
then transmit the data to the Base Station, also called 
Sink  [1]. Base Station can be fixed or mobile and is 
generally high powered device or it can be recharge 
again. It can be in the form of  PDA, laptop, etc. User 
can then access the collected information from Base 
Station for further processing of data.  
To transmit every bit of data, some amount of battery, 
in the form of energy, is consumed. Thus the energy 
of sensors depletes as the process of sensing 
continues. Generally sensors are deployed in regions 
where sources are insufficient to retain their battery 
life. So, researchers have always developed 
mechanisms to look for energy saving issues of 
sensor nodes. Typical applications of WSNs are in 
the field of agriculture, forest monitoring, military 
applications, underwater surveillance, smart homes 
and so on [2]. 
Mobile sink has been deployed for energy efficient 
routing path. Mobility of the sink can be defined on 
the basis of covering each grid at least once. Mobility 
of sink can be [3]: 
 
Fixed: In a fixed mobility, sink follows a particular 
path defined on the basis of scenario employed. 
Routing path also remains fixed. 
 

Random: In random mobility scheme, sink moves 
randomly either inside or outside the network. 
Random mobility is a  
Challenging task as coordinates are difficult to 
determine. These can lead to data loss or congestion. 
Controlled: In controlled mobility of sink, optimal 
path can be chosen based on some pre-defined 
conditions. 
 Sink can be mounted on a vehicle which can move 
either inside or outside the network. Mobility 
oriented applications are mainly required for critical 
areas where movement inside the field is a complex 
task after initial setup of the network. Mobile sink 
make this application more suitable as equal amount 
of energy will be distributed among sensor nodes. As 
in case of fixed sink, nodes near to the fixed sink 
always bear more traffic burden for routing of data. 
So this type of problem can be effectively solved out 
with mobile sink. Node deployment can be on 
random basis or location based. 
 
II. CHALLENGES FOR WSN 
 
A. Low power of sensor nodes:  
Sensor nodes are equipped with radio devices of low. 
Some amount of energy is consumed for transmitting 
data. Even these nodes are difficult to recharge 
because of their deployment in critical regions. These 
nodes begin to die when their energy level decreases 
with respect to time for sensing. So some 
mechanisms are required for efficient working of 
sensor nodes. 
 
B. Energy hole problem:  
Considering the scenario of WSN with fixed sink, 
whenever the nodes have to send data to sink, it has 
to pass through nodes closer to the sink node for 
forwarding of data. Everytime , these nearer nodes 
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will have more energy consumption. This problem is 
called energy hole or hot spot problem [4]. 
 
C. Funneling effect: Funneling effect is caused when 
load is not distributed equally among all sensor 
nodes. By deploying mobile sink, this can be 
improved. Mobile sink can cover almost every region 
of network area. 
 
D. Long distance communication:   
Longer the distance, more the energy consumed. 
Sensor nodes which are at larger distance from fixed 
sink transmit data to sink by adopting multi-hop 
communication or direct communication.  Nodes 
sending data from larger distance suffers from more 
energy consumption. 
 
E. Delay: Delay is basically caused by constraints like 
sojourn time, sojourn tour etc. Delay can cause data 
loss and even connection termination. 
 
F. Location estimation:  
G. Mobility of sink requires location estimation 
mechanism such as GPS, for determining the latest 
location of sink so that sensor nodes can route data to 
particular destination location [5]. 
 
III. MOBILE SINK ROUTING ALGORITHMS 
 
With the introduction of Mobile sink, researchers 
have proposed various routing algorithms which can 
effectively improve the network lifetime and 
reliability. As the research goes on, more improved 
and modified algorithms are designed. We have 
reviewed a few of them based on their deployment 
and regions of deployment. 
  
   1) Gravitational Search Algorithm based MS 
routing J.Rejima Parvin and C.Vasanthanayaki [6] 
proposed an optimization Mobile sink routing based 
on Gravitational Search Algorithm . This algorithm 
is based on Newton’s law of gravity. In this proposed 
work , sensor network is divided into clusters but 
there is no need of Cluster head for representing the 
clusters. Mobile sink takes over the role of  CH and 
moves near the cluster to collect data from sensor 
nodes. GSA consists of two types of mobile 
mechanisms. One is Mobile Robots (MR) and other is 
Mobile Aggregator Sink (MAS). Mobile Robots are 
used to collect data from the network in cases when 
children node gets separated from parent node by 
virtue of death of their parent node. MAS moves to 
the sensor area and clusters to collect data on the 
behalf of CH. In GSA approach, emphasis is on 
cluster formation and routing of data. Sensor nodes 
have the task of sensing only whereas the task of 
computing and communication is handled by MAS. 
GSA uses the concept of Newton’s law of gravity 

considering the masses of particles (nodes). The 
nodes are distributed in different levels with their 
(x,y) coordinates. At every level, mass is calculated 
for each node based on their reachability and 
transmission of data. 
 
Mass (x,y) =[( D(x,y)/n) +( ETx/n) +( Ne/ Nd)]       
 (1) 
 
Where , n= total number of  nodes in the network 
D(x,y) = distance of all reachable sensor nodes at 
(x,y) 
ETx =energy consumption for transmitting data to the 
reachable sensor nodes from (x,y). 
Ne =normalized energy to transmit a single packet 
Nd = normalized distance to reach the sensor nodes. 
 
Benefits : Overhead reduces due to non selection of 
CH. CH role is taken over by sink. 
 
Limitations: Estimation of mass in terms of distance 
and energy is complex task if nodes are at larger 
distance. Also sensor nodes have to be aware of 
presence of sink. 
 
 
  2) Mobile sink routing algorithm based on energy 
and distance 
Jing Wang et al. [7] proposed a “Mobile sink Routing 
Algorithm based on energy and Distance for Wireless 
Sensor Network” where performance of the network 
is evaluated by deploying multiple sinks. Based on 
the trajectories of these mobile sinks communication 
process is carried out. The authors aims to improve 
the network lifetime by comparing the influence of 
multiple sinks on the sensor nodes. Using the free 
space and multipath model, threshold do is calculated 
for distance between every node to the sink. Initially 
the mobile sinks are at their park position from where 
distance to neighbor nodes is calculated. Sink moves 
randomly within the sensor area and the node closer 
to the sink is chosen as relay node based on the link 
cost estimation. The nodes communicate using 
multihop transmission and are aware of the position 
of sink and thus choose the node with minimum 
distance to mobile sink. Nodes in the transmission 
range of Mobile sink are assigned a TDMA schedule 
when they have joined the communication process. 
Performance of the protocol is evaluated based on 
deployment of one, two or three sinks. No doubt this 
approach is useful for minimizing energy 
consumption of each node but use of multiple mobile 
sinks may increase the cost of the network. 
Benefits: Significant improvement in network 
lifetime as energy consumption is directly 
proportional to distance. Use of multiple sinks results 
in high data delivery ratio. 
Limitations: Deploying multiple sinks is costly and 
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can cause congestion problem as well as rerouting of 
data.  
 
   3) Virtual Grid based Dynamic Route Adjustment 
 The authors [8] proposed a VGDRA algorithm for 
enabling communication among nodes and Mobile 
sink in an efficient manner. WSNs are virtually 
divided into uniform grids of same size. Grids, also 
called cells, are formed according to the node density. 
Based on the number of nodes, heuristics used in 
LEACH[], optimal number cells/grids are 
constructed. Nodes in each cell contribute to the 
election of cell-header(CH). These cell-headers are 
elected based on the distance to centers of cells. The 
distance of all nodes to the mid-point of a particular 
cell is calculated and node with minimum distance is 
selected as CH. Initially the sink is at park position. 
The time it starts moving along the outer grids or 
regions of WSN, it updates it location information to 
the CHs. The CHs closer to sink and on the 
boundaries of sensor field becomes Originating Cell 
Header (OCH)  which directly communicates with 
Mobile sink and updates the location of mobile sink 
to the downstream cell-headers for their route 
construction for forwarding the sensed data. The 
routing of data is based on few rules. 
1. Sink must visit every cell on the boundary of 

WSN. 
2. As the sink remains in the range of same cell, 

same route will be followed. 
3. Internal CHs have to communicate with their 

upstream CHs. 
VGDRA uses only one mobile sink. The radio 
hardware of sensor nodes is functional using free 
space model. Performance evaluation of the protocol 
is based on speed of sink and residual energy of 
sensor nodes. This protocol has limitation of not 
considering routing path on the average distance 
basis. This means that data have to follow straight 
path. 
Benefits: Grid based routing provides controlled 
path mobility and balanced energy consumption 
among nodes. Algorithm provides better results than 
the available algorithms. 
Limitations: It does not consider shortest path for 
data routing. Nodes have to keep routing their data 
towards boundary of Grids of network. 

 
    4) Termite hill routing 
A.M Zungeru et al. [9] proposed Termite Hill routing 
towards a Mobile Sink for improving network 
lifetime in Wireless Sensor Network.  This algorithm 
uses termite analogy and designed for efficiently 
relaying all the traffic to be forwarded to the sink. 
The algorithm using the analogy of termites is based 
on chemical trails laid in search for food. The 
concept of forward and backward soldier is applied to 
WSN for forwarding the data to nodes which are 

closer to the mobile sink, as in termite hill analogy 
soldiers respond only to trails with high percentage of 
trail pheromone. Similarly, data in WSN is 
forwarded from one node to another node based on 
the availability of valid routing table. A ‘forward 
soldier’ request is sent for searching the route to the 
neighbor node. If the search is successful, a unicast 
message called backward soldier packet is sent 
indicating the presence of valid routing table. Every 
node has to maintain a pheromone table constituting 
neighbor nodes and destination nodes. The value of 
pheromone at each node is incremented by one on 
arrival of a packet. Performance of termite hill is 
compared and evaluated with AODV and results have 
shown that termite hill algorithm have maximum 
lifetime. 
Benefits: It provides efficient routing path based on 
routing table, which means data cannot be delayed 
and lost. 
Limitations: If no valid  routing path available, 
algorithm looks for another routing table, which can 
result in overhead on sensor nodes. 
 
     5) SLUP: Square based location update protocol 
 Jun Xu et al. [10] proposed a square based location 
update protocol for WSN which aims to reduce 
energy for updating location of mobile sink and 
balancing the traffic load among WSNs. WSN is 
divided into squares of uniform size. These squares 
provide space for sink movement inside the field. 
These squares are then divided into sub-squares 
called grids of size α*α. Sink moves from grid to grid 
and updates its location with the current square. The 
nodes within the same square can now be familiar 
with the location of sink. A working node is selected 
among sensor nodes in one grid, enabling other 
nodes to sensor nodes to remain in sleep state, thus 
minimizing energy consumption of sensor nodes. 
Nodes in each grid can directly communicate with 
nodes in other grids. In SLUP, sensor field is divided 
into n squares with k number of grids of size a*a 
(n=k*a). So there are k2 grids. Mobile sink remains at 
one position temporarily at one sink site among (k-1)2  
sink sites of squares. Sink node broadcast its current 
location information within the Current Square (CS) 
for route maintenance. Source node sends data to the 
boundary node in the current square and then 
boundary node forwards the data packets to the sink. 
Before sending data packets, source node firstly send 
a message constituting flag and hop counter to the 
current square. With this hop counter, sink 
determines the hops of path. These hops are 
compared with a threshold that represents the 
number of grid data packets that can be relayed. 
Benefits: It provides an organized routing tour for 
mobile sink to collect data directly or using multi-hop 
communication. It also eliminates the need for 
frequent updating of sink location. 
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Limitations: Data can be transferred to sink based on 
hop counts only. Data can be lost in case hop value is 
less than threshold. 
 
   6) Delay constrained routing algorithm  
Md Arquam et al. [11] proposed a delay constrained 
routing algorithm for wsn with mobile sink that 
improves network lifetime by minimizing delay in 
data collection. Basically delay is the total time taken 
to complete one round. The authors proposed delay 
constrained routing algorithms considering the 
constraints like sojourn location, sojourn time, 
maximum distance between two sojourn locations 
and energy consumption of sensor node for 
transmitting the data. The algorithm considers all the 
major issues related to mobile sink for its sojourn 
tour. The authors also formulated a MILP problem 
for the approach and based on that heuristics of 
Travelling Sales Person (TSP) are used considering 
nearest neighbor algorithm, nearest insertion 
algorithm and tour improvement algorithm. Initially 
sink moves at defined path and stops at sojourn 
location for certain time Tmin for sending a packet 
constituting its own ID, location information, energy 
level and broadcasting address. Cluster head in the 
nearest cluster, enables its radio active on receiving 
ID of sink and send its ID, residual energy level, time 
estimation for transferring data i.e. Td. Sink then 
collects data if  Td < Tmax , otherwise terminates the 
connection and move to another sojourn location. For 
transferring data in emergency cluster head uses 
multi-hop communication. The results shows 
significant improvement in network lifetime. 
Benefits:  This algorithm overcomes the delay 
constraints by deploying a timer for collecting data. 
Also cluster head need to be active only after 
receiving the sink ID, therefore saves energy for 
locating sink. 
Limitations: As the network size increases, MILP 
becomes infeasible to compute. Also amount of data 
may exceed and can take more time, which can result 
in connection termination. 
 
 
   7) Rendezvous based data collection algorithm  
 Leila Bagheri  and Mehdi Dehgan [12] proposed 
Rendezvous based data collection algorithm which 
aims to minimize funneling effect and hot spot 
problem. It consists of four phases. First phase 
partition the WSN area into three regions as central 
region, data collection/rendezvous region and 
boundary region. If R is the radius of whole network 
area, Ra is the radius of rendezvous region where 
0<a<1. Nodes in data collection region are given a 
threshold limit upto which they can stay active 
depending on their energy. In the second phase, 
clusters of two different sizes are formed. The 
clusters closer to the mobile sink are smaller in size 

and others are larger in size. Mobile sink moves 
along its path on boundary region and generates 
beacon signal. Nodes receiving beacon signal gets 
aware that they are in smaller clusters and closer to 
the sink. The third phase selects rendezvous points 
based on their minimum distance to sink path and 
energy level must not be lower than threshold. When 
the energy level of rendezvous nodes begin to 
depletes, neighbor nodes are selected for the same. 
Fourth phase implement TSP for data collection. 
Using TSP a motion model is selected for data 
collection. Mobile sink performs the duty of salesman 
and rendezvous nodes are considered as cities. The 
mobile sink starts its tour by visiting each rendezvous 
node using TSP algorithm. 
Benefits : rendezvous nodes need not require location 
update or coordinates of sink to send data, so 
overhead is decreased. This algorithm provides a 
balanced load among the nodes and thus making 
network more reliable. 
Limitations: Increase in the number of nodes leads to 
deficiency in the performance of algorithm. 
 

Table 1.Summary and comparison of mobile sink 
routing algorithms 

 
 
CONCLUSION 
 
We have reviewed recent researches made in the field 
of Wireless Sensor Network for mobility of sink. Sink 
can follow different paths based on the network but 
requires optimal and energy efficient routing for data 
transmission. Routing paths defined through these 
reviewed algorithms have tried to improve lifetime of 
sensor network considering various constraints. 
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