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Abstract - The mobile sink path discovery is a challenging task and it is very much essential for efficient data collection. 

The basic objective of the work is to determine paths for each of the mobile sink and their parking time in a sensor network.  
The determination of the path can be done with the current statistics/status of the sensor network. In a wireless sensor 
network, the mobile sink collects the statistics/status of the network from the sensor nodes and a new path is computed along 
with the parking time for the sink. The path and the parking time for the mobile sink are calculated by considering only one 
mobile sink and multiple static sensor nodes. In this paper, a survey of various methods of data collection using sink path 
planning is discussed. The dynamic sink movement strategy with adaptive wait times, as a way of efficiently gathering data 
in WSNs . The schemes such as static sink, movement controlled, random movement of sink node, trajectory planned sink 
movement, etc. are discussed here. 

 

Keywords - Sensor Network, Path of Mobile Sink, Path Planning, Dynamic Path, Data Collection Algorithm. 

 

I. INTRODUCTION 

 

A wireless network is a special network comprises of 

sensors of enormous self-organizing properties with 

low-power, low cost and multifunctional 

communication equipment called sensors or sensor 

nodes that are deployed over a vast field and by 

collaborating sensory data from isolated sensor 

nodes, it enables users to monitor a particular domain. 

WSNs play a vital role in many applications such as 
disaster management, military sensing and tracking, 

object detection, environmental monitoring and so 

on[1]. In an ordinary deployment of WSN, the sensor 

nodes are battery-powered; and in broadcasting the 

sensed data packets to a single static sink, they 

exhibit an n-to-one transmission model. Thus energy 

is regarded to be a wireless sensor network's most 

valuable resource [2]. Sink nodes and sensor nodes 

are the two primary elements current in a WSN 

infrastructure. Sink nodes are assumed to be the base 

stations in the network and are used to wirelessly 

collect and provide users with the sensory data 
generated in the sensor field. Users are permitted to 

access the data from the base station for additional 

data processing and functional information, 

potentially via the internet. One or more sink nodes 

could be present in a sensor field depending on the 

field size and topology of the network, and the sink 

nodes can be either fixed at one place or moved in the 

network region. The sensor nodes are responsible for 

transferring the data to the base station (sink node) 

according to the multi-hop communication model 

(shown in fig. 1) and the nodes that reside near the 
sink need to collect the data from other sensor nodes 

that are far-off from the sink node and to transfer 

them to the sink node. When a sensor node resides 

very close to the sink, it needs to collect and forward 

more data; so especially for those nodes that are 

connected to the sink through one hop, a lot of data 

processing resources are required. It always leads to a 

situation where the sensor nodes utilize more energy 

by collecting and forwarding data to the sink and die 

faster than other nodes by depleting their energy very 

fast. 

 

 
Fig. 1: Wireless Sensor Network 

 

Using Mobile Sink in WSN data collection is a 

prevalent practice in a network of wireless sensors. 

Data collection by sensor nodes is regarded as one of 

the most important methods in wireless sensor 

networks. In conventional WSNs, the n-to-one 

information transferring process towards the static 

sink node from the source nodes always causes faster 

energy utilization of the nodes that reside very close 

to the sink, as well as physical layer problems that 
decrease the network lifetime [3]. It is labeled as the 

“hot-spot” problem and an example of the “hot-spot” 

problem is shown in figure 2. Here, we can see that 

the node in the circle is heavily loaded, as it is used 

for collecting the data from the other sensor nodes 

and to forward them to the base station. The black 

lines denote the transmission paths in the figure. The 

use of mobile sinks is introduced in WSNs so that 



International Journal of Advanced Computational Engineering and Networking, ISSN(p): 2320-2106, ISSN(e): 2321-2063 

Volume-8, Issue-2, Feb.-2020, http://iraj.in 

Mobile Sink Path Discovery in Wireless Sensor Network- A Survey 

 
18 

they can efficiently alleviate the “hot spot” problem. 

In mobile sink environments, the mobile sink shifts 
its location to other locations vigorously for data 

collection; and by shifting its location to the locations 

of the sources, The portable sink collects sensory 

information from the source nodes directly. A data 

collection pattern of the mobile sinks and static sinks 

is shown in fig. 3. 

 

 
Fig. 2: Example of “hot-spot” Problem 

 

 
Fig. 3: Data collection patterns of the mobile sink and static 

sink 

 

Opportunities and challenges of Sink Mobility in a 

wireless sensor network are widely studied. The use 

of the mobile sink switches the overburden of data 

processing and energy utilization from the sensor 

nodes to the sink node as the sink nodes have more 

power and energy supply in contrast to the sensor 

nodes. Utilization of the sink’s mobility helps to 

stabilize the energy utilization and thus extend the 

existence of the network. As the utilization of mobile 

sink decreases the number of communications, 
collisions and the possibility of communication errors 

is also reduced. However, two new challenges are 

introduced in the data gathering process in WSNs by 

the use of the mobile sink. The first one is the means 

of updating the current locality of the sink. The 

conventional WSNs, the entire network, gets the 

knowledge of the locality of the sink when the sink 

transmits the renewed information of its locality. But 

in case of periodic transmissions, high overheads 

occurs thereby reducing the existence of the network. 

So to discover an appropriate means to re-equip the 

statistics of a mobile sink with low overheads is a 

very difficult problem. The second challenge is the 

manner the path of the sink is designed. The nodes in 
a network that reside closer to the sink always run out 

of energy very fast, because the data packets from 

other sensor nodes are brought to the sink via multi-

hops. So, the balance of energy dissipation and 

communication delay is greatly influenced by the 

path of the mobile sink [4]. In the next section, we 

will discuss various methods of data collection using 

sink path planning. The routing protocols based on 

static sinks and mobile sinks in wireless sensor 

networks for data collection are described. 

 

II. WSN BASED ON STATIC SINK 

 

A multi-hop link is created in wireless sensor 

networks to transmit data packets from the source 

node to the sink node. As a consequence, the 

communication range determines the packet sending 

time and the energy usage of nodes. One strategy is 

proposed by Lee et al. [5] to lessen the 

communication length of the network by employing 

multiple stationary sinks. The sensor nodes in this 

approach are arranged in such a way that they 

forward the sensed data only to the nearby sink. This 
approach diminishes the moderate distance from 

sensor nodes to the sink and thus lowers the energy 

utilization. However, the correct placing of the 

stationary sink nodes inside the network is a 

challenging problem. In the approach proposed by 

Vincze et al. [6], the entire sensor field is segmented 

into clusters and in each cluster, one node is selected 

as the cluster head node. At each cluster head node, to 

cut down the amount of data sending to the sink, data 

aggregation is implemented. However, this approach 

is found to be inefficient because, among all the 

nodes in each cluster, the selection of the head node 
is a challenging problem. 

 

III. WSN BASED ON MOBILE SINK 

 

To overthrow the weakness of the static sinks, 

various authors have proposed different schemes in 

recent years that make use of the mobile sinks. The 

recently proposed data gathering approaches based on 

the utilization of mobile sink are arranged into two 

classes: the first one is virtual structure-based 

approaches and the second one is non-virtual 
structure-based approaches. Also depending on the 

sink’s mobility pattern in the sensor network, the 

proposed data gathering strategies are classified into 

two groups: the first one is controlled mobility and 

the second one is uncontrolled mobility based 

approaches. 

 

A. Data Collection Algorithms Based on Non-

Virtual Structures 

In non-virtual framework based data gathering 

algorithms, there is no additional structure such as 

virtual rings, virtual grids, and virtual honeycomb 
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structures, etc. that are employed to help the data 

gathering process. In this type of algorithms, the 
mobile sink either moves in a predefined path, or it 

moves randomly. S Han et al. [7] proposed the 

Wiener Minimum Spanning Tree Index (MWST), 

created with an industrial WSN (IWSN) portable 

sink. The MWST produces efficient communication 

paths for sensors in accordance with the 

characteristics of the Wiener index.  They are 

proposing a fresh technique to solve the issue of 

choosing a spanning tree, which is an NP-hard issue. 

The suggested method is divided into two network 

size-based algorithms: branch and bound algorithm 

and simulated annealing algorithm. For small-scale 
networks, the branch and bound algorithm are used 

and the simulated annealing algorithm is used for 

other cases. However, they ignored the method to 

find a suitable location for the mobile sink. K Shin et 

al. [8] presented a method for solving the problem of 

selecting a spanning tree. They put forward an idea of 

a predictive routing protocol based on milestone 

nodes. It has two fundamental parts: evaluation of the 

mobile sink’s upcoming location and the formation of 

the milestone nodes and reforms the location of the 

sink. The mobile sink chooses neighbor sensor nodes 
as milestone nodes according to its direction. The 

milestone nodes are responsible for finding the future 

location of the sink and spreading the information of 

the estimated location to the nodes. Data from the 

sensor nodes are delivered by these milestone nodes 

to the sink. But this protocol is found to be inefficient 

as the establishment of too many milestone nodes 

increases the routing path and consumes more energy. 

G Shi et al. [9] used the concept of random line walk 

(RLW). They proposed a double-cross strategy that is 

used to transfer data from sensor nodes. A double-

blind concept is developed in this scheme where it is 
assumed that the sink node and the source nodes do 

not have the knowledge of each other’s location. 

After detecting an event, the source node randomly 

chooses one direction as a baseline and sends the data 

through that baseline and the vertical direction of the 

baseline. When the sink needs data, it transfers query 

information in two perpendicular directions. In this 

algorithm, the data collection by the sink node from 

the sensor nodes is designed in such a way that when 

the nodes in which the query path and the intersecting 

route of the data routing receive both query 
information and data from the nodes, so only the sink 

nodes can obtain data from those nodes. S Tabibi[10] 

suggested a protocol for the energy-efficient routing 

of the sink. In their proposed scheme, they use 

Particle Swarm Optimization (PSO) algorithm in 

which some particular points from the sensor field are 

selected as rendezvous points and it is assumed that 

the mobile sink must visit the rendezvous points. 

However, the possibility of choosing an ideal node as 

the rendezvous point is extremely lesser as the 

hierarchical algorithms depend entirely on their 

domestic information to choose those points. To mark 

this issue, a new technique is proposed by the authors 

called the Particle Swarm Optimization based 
selection (PSO-BS) for identifying some rendezvous 

points. In this approach, some weight values are 

additionally computed for the sensor nodes depending 

on the number of packets that the nodes receive from 

other nodes. 

 

B. Virtual Structure-based Data Collection 

Algorithms 

The data collected in this kind of algorithm is usually 

assisted by some secondary structures such as rings, 

grids, etc. The establishment of a virtual (imaginary) 

structure cuts down the difficulties of the location 
updates process of the sink; the data upload process 

and the path planning process. Here, the movement of 

the sink is classified into three categories: 

 

a) Sink Random/uncontrolled Movement,  

b) Fixed/Planned Trajectory Movement and  

c) Dynamically Planning Trajectory. 

 

(a) Random Movement 

Here, the sink moves randomly. For collecting data 

from sensor nodes, the sink is allowed to move in any 
path no matter what the speed is. P Singh et al. [11] 

presented an EEGBDD mechanism, where the source 

nodes establish its own virtual (imaginary) grid in the 

sensor field and the mobile sink moves randomly. 

After getting the query request from the sink, the 

source nodes send their data via the virtual grids. This 

algorithm selects some dissemination nodes 

depending on the remaining energy of the nodes and 

these dissemination nodes are responsible for both the 

query request and the data transfer process. After the 

simulation, it is revealed that it reduces the length of 

the transmission path and energy utilization of the 
sensors. However, the nodes that reside in more than 

one path deplete more energy and expire early. C 

Tunca et al.[12] presented an energy-efficient routing 

protocol that uses an imaginary ring framework to 

control the location of the sink. A virtual ring 

structure is built so that the mobile sink can transmit 

its locality information to the sensors on the ring. A 

node requests the locality information of the mobile 

sink from other sensor nodes that are present in the 

ring when it needs to transfer sensed data and after 

getting the information it transfers the data to the 
mobile sink. The ring structure is periodically 

replaced to control energy utilization. A data 

dissemination routing protocol based on virtual grids 

is presented by Wang et al. [13] where the source 

nodes build a grid and obtain the information of 8 

neighbors near the node. Depending on the 

information of the distances from the sink to the 

neighbors and the remaining energy of the neighbor 

nodes, the source nodes select relay nodes (best 

neighbor) among all the neighbors. The mobile sink 

initiates a query through the relay nodes when it 
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needs data and source nodes to send their data using 

those query paths. 

(b) Movement in a Fixed Trajectory 

The fixed motion of a portable sink trajectory implies 

that the sink moves along a predefined trajectory 

regardless of the situation of the network and the 

application domain. Straight lines, rectangles, circles 

and so on can be the predefined trajectories. Mottaghi 

et al.[14] proposed an upgraded model of the LEACH 

algorithm, where the sink starts its movement along a 

fixed-line. The sensor field is divided into various 

clusters and among all the nodes present in each 

cluster, a particular node is appointed as cluster head 

node. When the sink locates near the cluster head, the 
sensed data is directly transferred to the sink node by 

the cluster head; otherwise, the data are transferred to 

the convergence node (nodes near the trajectory of 

the sink). But this algorithm is considered to be 

insufficient because a fixed route of a mobile sink 

always causes a higher level of energy consumption. 

A data collection algorithm called VGDRA is 

introduced by Khan et al. [15], where the sensor field 

is split into virtual grids. In each grid, there is a head 

node that is selected among the nodes present in each 

grid and the whole responsibility for collecting data 
from nodes is given to the head nodes. The mobile 

sink precedes its route along the network periphery. 

The rectangular trajectory of the mobile sink 

stabilizes energy utilization as compared to the fixed-

line trajectory. C Konstantopoulos et al. [16], a data 

collection algorithm is presented that is intentionally 

designed for urban domains. This approach is 

designed in such a way that the sink proceeds across a 

fixed route and then collects sensory data of the 

nodes that resides close to the fixed route of the sink. 

Cluster is established in the sensor field and the 

cluster heads are given the responsibility of data 
fusion and data forwarding. The cluster head nodes 

after collecting data from their respective clusters 

send those data to the nodes near the trajectory from 

where the data are collected by the sink. This scheme 

diminishes the energy utilization of nodes, but the 

nodes near the fixed route of the sink expend their 

energy very fast. 

 

(c) Dynamically Adjusted Trajectory Movement 

In Dynamically adjusted trajectory movement, based 

on the information of assembled data, unconsumed 
energy of the nodes, and position of nodes, a 

trajectory for the sink node is dynamically adjusted. 

A biased sink mobility algorithm is presented by 

Kinal is et al.[17]. This scheme is proposed with 

adaptive stop times. After dividing the network into 

virtual grids, this scheme considers the intersection 

points of the grids as the stopping position of the 

mobile sink. The stop time is calculated based on the 

number of nearby nodes; if there is an excessive 

amount of nearby nodes, the sink stays in that 

position for a longer time. The adaptive stop time of 

the sink balances the energy consumption, but a long 

trajectory can increase the network delay. Ghafoor et 

al.[18] presented an effective trajectory design 
algorithm based on the Hilbert curve for mobile 

sinks. In this, the trajectory of the sink is dynamically 

adjusted based on the size of the network field and 

the number of nodes. When a mobile sink proceeds in 

the direction of a smaller node density area, the order 

of the Hilbert curve becomes smaller and vice versa. 

This algorithm is proved to be efficient for 

dynamically adjusting the trajectory of a mobile sink 

in a large range, thereby balancing the energy 

utilization; however, in the case of irregular node 

density, this approach is not acceptable. 

 

 
Fig 5. Mobile Sink Path 

 

Yang et al.[19] to solve the problem presented in 

proposed an adaptable trajectory design method 

which depends on node density. By rectifying the 

virtual (imaginary) grid framework and considering 

the node density in small scale regions, distinct orders 

of Hilbert curves are constructed depending on the 

node density. It solves the problem stated in [18], but 

it is also not acceptable for the case of irregular node 

density. Yarinezhada et al.[20] suggested a routing 
algorithm for mobile sinks in WSNs. In this scheme, 

virtual grids are constructed in the network field and 

the nodes that are specified in certain points are 

responsible for saving the current position of the sink 

node. Other nodes of the network find the last 

location of the sink node by requesting these 

specified nodes for the information of the last 

position of the sink node. All the nodes are aware of 

their neighbors’ position by beacon message. Nodes 

send their information to the sink as soon as possible 

using the geographic routing system. This protocol is 
produced so that numerous mobile sinks in the field 

of the sensor can be supported. This method is 

disclosed to provide better efficiency than other 

comparable techniques. Akber et al. [21] presented a 
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data collection technique based on data volume using 

Mobile Data Collectors for wireless sensor networks. 
DV-MDC exploits the fact that all nodes of a sensor 

network are not serviced equally. After some data 

generation during a particular round, each sensor 

node is visited by the MDC; thus it avoids needless 

visits to the nodes that do not generate any data 

thereby increasing the performance of the network. 

The DV-MDC protocol helped to achieve energy 

efficiency for Wireless sensor networks. 

 

IV. CONTROLLED MOBILITY BASED 

SCHEMES 

 
The velocity and direction of a portable sink of 

controlled mobility-based systems is either managed 

by an alien observer or in accordance with the 

network flow. Aioffi et al.[22] presented a virtual 

infrastructure based routing scheme using integrated 

clustering that utilizes the concept of multiple mobile 

sinks arranged in various directions. The one-hop 

neighbors of the CHs transfer the data to the Cluster 

Head (CH). When the CHs find a sink in their 

transmission spectrum, the buffered information is 

uploaded to the sink. Different tours for the portable 
sink are organized in separate divisions of the 

network, thus decreasing network latency as well as 

the amount of waiting time for the nodes to upload 

their information. Nazir and Hasbullah [23] 

introduced a mobile sink based routing protocol 

(MSRP). In MSRP, the mobile sink tends to collect 

the sensory data from a set of CHs and the next move 

of the sink towards the CH is made based on the 

residual energy of the nodes which must be relatively 

high. It extends the lifetime of the network thereby 

reducing the chances of occurrence of the hot-spot 

problem, but it causes higher data delivery latency in 
places where there is a high rate of event generation 

occurs. 

 

Banerjee et al.[24] presented a scheme with multiple 

mobile CHs using the concept of a hybrid strategy to 

make the CHs move in different directions. At first, 

the CHs visit only those nodes where some event 

occurs and then the CHs make another visit to the 

nodes that have relatively more residual energy. This 

scheme keeps a quality balance between data delivery 

latency and network lifetime; however, it is not 
suitable for situations where an event occurs 

simultaneously in different segments. Basagni et 

al.[25] presented an approach called Greedy 

Maximum Residual Energy (GMRE) considering the 

heuristic. In this scheme, the movement of the sink is 

done first towards the sites that have a high amount of 

energy. If all constraints are convenient, the next 

move of the sink is done greedily towards a new site; 

otherwise, the sink continues to stay at its latest site. 

Here, Sink node appoints some nodes as sentinel 

nodes which on-demand collect and forward the 

details of residual energy of the sensors to the sink 

node. This scheme prolongs the lifetime of the 

network; however, it has the drawback of neglecting 
the nodes that have relatively low residual energy. 

Sugihara and Gupta [26] introduced a controllable 

mobility scheme based on data mules where the data 

mules are observed as a substitute solution for multi-

hop transmission. Firstly this scheme decides an 

arrangement of the data mules with the help of TSP 

tour T. After that it applies shortcutting to T using the 

approximation algorithm which results in shortened 

label-covering tours. The proposed scheme is suitable 

for small size networks but found to be inefficient for 

large scale networks. 

 

V. UNCONTROLLED MOBILITY SCHEMES 

 

The movement of the sink is independent of network 

domains and external viewers in case of uncontrolled 

mobility based schemes. Chen et al. [27] proposed a 

virtual circle combined straight routing, also known 

as VCCSR. In this approach, the virtual framework is 

comprised of straight lines and virtual circles. Some 

CH nodes are appointed along the virtual circles and 

straight lines and the sink node manages transmission 

with CH borders. A considerable number of CHs 
participate in the route reconstruction process and use 

certain transmission laws to reduce the cost of 

rebuilding the path by distributing the recent sink 

location. But the significant amount of CHs in the 

phase of route rebuilding is causing a greater 

overhead network. Shi et al.[28] presented a data-

driven routing protocol that deflects direct 

transmission of the location upgrade of the sink node 

where the sink node repeatedly notifies the nodes that 

are connected to the sink via one-hop only. When the 

sensors tend to transfer the data packages to the sink, 

each of the data packets come with an additional field 
indicating the hop-count of the sensor nodes to the 

sink node. The nodes adjust their routing record by 

overhearing the data packets sent by the neighbor 

nodes. In this scheme, the speed of the sink severely 

affects the data delivery performance; whereas the 

high speed of the sink undermines data delivery 

routes, thereby causing a high amount of packet loss. 

Yu et al.[29] proposed an elastic routing protocol that 

uses a greedy forwarding approach for data 

forwarding. 

 
Here, the nodes are assumed to be location-aware and 

in the initial phase, considering some mechanism, the 

location of the sink is determined by the source 

nodes. The sink using beacon messages addresses its 

mobility in the mid of data packet delivery process 

and circulates this information to its new neighbors as 

well as the nodes that have successfully transferred 

their data packets to the sink earlier. The network 

overhead originated by the sink mobility is reduced in 

elastic routing; however, in this approach, the energy 

consumption of nodes is more because of the 

overhearing feature. Lee et al.[30] introduced a 
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scheme which ensures data delivery by utilizing the 

observation of the feasible routes of the mobile sinks. 
In this strategy, nodes prefer to transmit their 

information to a set of relay nodes situated across the 

portable sink route instead of directly transmitting the 

information to sinks. Then the forwarded packets are 

stored at the relays until when the sink comes into 

contact with the relays, it is passed to the mobile sink. 

 

VI. CONCLUSION 

 

The importance of a mobile sink and its path planning 

is discussed in this paper. From the literature review, 

it is observed that most of the current methods use 
sink mobility to increase the lifetime of the sensor 

network, thus reducing the likelihood of occurrence 

of hot-spot. In some of the existing approaches, 

packet loss ratio and data delivery latency are 

moderated by involving more than one mobile sink 

that is added to operating costs and hardware and 

cannot be realized in multiple working domains as 

well. The data packet distribution performance is 

upgraded in some of the suggested systems by using a 

single portable sink; however, the challenging node 

positioning and sink immovability circumstances 
restrict the suitability of those methods. 
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