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Abstract— The issues related to energy consumption and 
prolonging the lifetime of wireless sensor networks(WSNs)  have 
been studied. The deployment of a transceiver station in a WSN 
is a major concern. Supposing the base stations are static (fixed), 
however they are capable of moving in some situations to collect 
data from sensor nodes. In order to achieve higher energy 
efficiency results, the mobility of the base station to increase the 
lifetime of the WSN is considered in this article. We propose a 
strategy that combines moving sinks by fixed-path sink with 
fuzzy clustering algorithm that results the proposed algorithm 
has better performance in terms of network life, stability and 
packet delivery compared to Leach, Cluster Head Election 
mechanism using Fuzzy logic (CHEF)  in performance evaluation 
through simulation software MATLAB 
 
Keywords— Mobile Sink, Clustering, Leach, Energy-efficient 
Clustering, Cluster Head Election mechanism using Fuzzy logic 

I. INTRODUCTION 
In recent years, Wireless Sensor Networks (WSNs) has 

appealed more and more researchers because of the enormous 
benefits that they can provide to the industrial and socio-
economic fields. The major goal of WSN is to provide end-
users with information gathered around the sensor area by sink, 
data communication (sending and receiving) [1] which is the 
most energy consuming activity of the nodes. And the energy 
consumption is proportional to the distance between the 
sender and receiver, ie the closer to the receiver, the lower the 
power consumption and vice versa. The popular way to save 
node energy is to organize the WSN as clusters. Each cluster 
is managed by the cluster head (CH) acting as the 
intermediary between the members in the cluster with the sink. 
A CH is selected among the members of the cluster mainly 
according to the remaining high energy level which collects 
perceived data from its members and sends them to the sink. 
Operation is concentrated in such a way that the nodes must 
use the minimum transmission range to save energy. In order 
to reduce the energy consumption of the CHs, the sink must 
move near the CH to collect sensible data from the CH, using 
a short transmission range and thus spend low energy. 
Therefore the problem is then to find an effective strategy of 

mobile sink around the CH. 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. The LEACH [2] protocol is 
seen as a platform-based protocol; In this work, LEACH is 
enhanced to act as a clustering-based routing protocol with 
efficient fuzzy logic implementation to select better cluster 
head. The application of fuzzy logic in cluster selection is 
better than LEACH and the idea of combining the CHEF[3] 
fuzzy clustering algorithm with the mobile sink balances the 
energy consumption between the CH nodes because it can 
reduce the transmission range between those nodes with sink. 

In this paper, there are two proposal in this paper.With the 
first proposal, a mobile accessory coupled with LEACH 
clustering routing protocols, and the second algorithm based 
on fuzzy logic using the CHEF algorithm with a circular sink 
mobility model with different radius. Simulations suggest that 
the second solution offers better results than the LEACH, 
CHEF and the firstproposal, thereby improving the lifecycle 
of the wireless sensor network. 

II. RELATED WORKS 
LEACH is one of the most famous clustering protocol. This 

is the first clustering approach for WSN. LEACH functions 
are classified into loops in which each loop begins with the set 
phase that performs the clustering and selects Cluster Manager, 
and then the Stabilization State performs the transfer 
information to Sink. 

The CHEF protocol  is a local cluster selection mechanism 
that uses fuzzy logic. CHEF identifies a number of factors that 
can affect network life. As such, the CHEF applies the Fuzzy 
Inference System(FIS)[4] to the local cluster election 
mechanism, which does not need to collect information from 
all nodes. By using fuzzy logic, computing costs are reduced 
and network life is extended. In addition, the operation of this 
mechanism is localized, the sink does not select the CH, the 
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sensor nodes only select the cluster head using the fuzzy logic 
as shown in Figure 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Network model WSN uses CHEF 

Wang et al. [5] proposed an energy-efficient routing 
protocol where sink stations were used and randomly 
deployed nodes were implemented. This protocol shows good 
results in the energy balance of the nodes thus increasing the 
life span. 

Taking the LEACH as a basis, due to its improvement with 
mobile nodes to achieve better life expectancy, was made by 
Nguyen et al. [6]. 

Xun-Xin, Yuan, and Zhang Rui-Hua in [7] proposed the 
use of a new energy-efficient routing using mobile station 
transmissions where the base station is based on the average 
energy of the cluster.  

To discover a moving target, Yu-Chen and his colleagues 
[8] proposed a new protocol. In mobile, there may be a chance 
of losing or possibly connecting. As suggested by the protocol, 
nodes can efficiently restore paths and perform energy 
efficiency monitoring. 

Communication issues among clusters in large scale 
networks are discussed in [9]. The authors argue that the 
optimization of communication between clusters head is not 
fully addressed in the literature and suggests a new algorithm 
called Broadcasting Over Cluster Head that can increase 
scalability and communication between the cluster. 

Communication between single-hop and multihop clusters 
from the cluster to the base station was investigated and 
comparisons were made with the existing routing protocols 
[10]. 

A hierarchy-based routing support for transceiver station 
and node migration is proposed in [11]. It has a setup phase 
and a phase data forward. The sensor field is classified and 
each node is assigned a specific role. Most complex 
calculations are made in the base station. The author claims 
that the proposed protocol gives better energy efficiency. 

A new proposal by Yim et al. [12] is a new protocol to 
ensure better data delivery and energy efficiency for mobile 
station groups. This protocol is most suitable for mobile 

station base stations in applications such as war and disaster 
rescue areas.  

In [13], the authors propose a method for routing data from 
a static source to a mobile station in a reliable manner, using a 
number of prediction techniques to predict the location of the 
receiving station. In terms of delay, reliability and energy 
efficiency, a proposal is better than conventional routing 
protocols. 

Energy control issues are investigated in detail in [14] 
various active and passive methods discussed in detail with 
different data. It provides information on the various power 
control and management programs, the needs and costs of it as 
well as the side effects. 

In order to balance energy, traditional multihop 
transmission is applied randomly in two phases and considers 
network life as an optimization problem [15]. In general, it 
offers three different transmission policies, which allow for 
extended use of wireless sensor networks. 

Mobility Sink model in WSN [16] Related studies have 
shown that mobile-assisted routing helps reduce energy 
consumption to a large extent. The main reason for the sink 
mobility introduced in WSNs is the reduction in the number of 
hops required to distribute data from sensor nodes to sink. 
Thus, reduce delays and prolong network life by reducing the 
amount of energy needed to send and receive data. 

Mobile sink based Energy-efficient Clustering Algorithm 
(MECA)[17] for wireless sensor networks, mobile sinks at the 
edge of the sensor area, and sink follow a fixed and 
predictable path. The network is divided into several clusters. 
CH is selected based on residual energy, each CH collects data 
and sends it to the mobile sink. Internal chain routing 
algorithms are also proposed using a multi-hop scheme. 

Mobile Sink Assisted Energy Efficient Routing Algorithm 
(MSA) [18] focuses on the shortest hop. As the MSA uses 
mobile sink, the number of hop is also reduced because the 
mobile sink significantly reduces transmission energy. But the 
power level of unbalanced nodes in the network is a major 
factor in the loss of network connectivity. That is also the 
reason for the decrease in MSA performance 

III.  OUR PROPOSALS 

A. Proposal 1: Clusters combined with mobile sink 

Proposal 1 provides a solution to the problem of mobile 
sink in hierarchical sensor networks. The mobile sink starts at 
a fixed location and follows a pre-planned moving path. 
Sensor nodes are deployed randomly in the area. Sensors are 
organized into clusters and CHs are selected based on the 
LEACH algorithm. Cluster Head have the role of collecting 
information from nodes in its cluster, saving data to a buffer, 
and then transmitting data to the mobile sink when it is in 
range. 

Based on the MECA’ algorithm idea of mobile sink model 
by circular, initially deployed a mobile sink at the edge around 
the sensor area, the sink move along clockwise (or 
counterclockwise) with certain velocity along the circle, its 
path is fixed and the motion is predicted. At each location, the 
sink has a certain amount of time to synthesize information 
from the CH. The direction of the sink counter-clockwise (or 
clockwise) and the velocity v of the sink are predetermined. 
Hence the sink just broadcasts on the network to inform all 
sensor nodes of its current position P0 from the beginning for 

Sink 

Sensor Node 

Cluster Head 
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only one period. Then, when the sensor nodes record the 
initial position of the sink, they can change the angle θ after an 
interval Δt:

v = (θ*R)/∆t  => θ = (v * ∆t )/R

Figure 2. Mobile Sink Model of proposal Algorithm

In this paper, the sink moves in a circular orbit, with a 
radius calculated from the center of the sensor area R = 100m 
and after a period of time Δt = 40s, the sink changes its 
position once and the velocity V = 10m / s. Consider moving 
sink with different radius R radius corresponding to 100m, 
75m, 50m, 25m, 15m for different results 

The flowchart of proposed solution 1 is as follows: 

The operation of  Proposal 1 is divided into three phases: 
Network cluster  phase, Mobile sink navigation phase, Data 
collection phase 

1)  Mobile Network Cluster Phase: The network is divided 
into clusters using the LEACH clustering algorithm, to 
become a cluster head, each node n selects a random number 
between 0 and 1. If this number is less than the threshold T (n), 
the node will Becomes a cluster-head for the current round. 
The threshold T (n) is given by the formula (2.1):

T(n) =

The LEACH definition of CH is relatively random, based on 
the random coefficient and the energy level E> 0 of the nodes. 
Selected clusters will advertise their neighbor nodes on the 
network that they are new clusters. When CH nodes are 
selected, they emit signals to advertise their presence within 
the CH's communications. Based on the received signal 
strength, each member node will select the CHs that they 
belong to. Finally, the scheduling phase is performed in which 
the cluster head specifies the time that the sensor nodes can 
send data to the cluster head based on the Time Division 
Multiple Access method. TDMA) and this schedule is 
advertised for membership nodes in the cluster. Because 
sensor member nodes only need low power to transmit data to 
CH nodes. The CH button will synthesize the data and keep it 
in memory and wait for the mobile sink to reach them near to 
collect data.

2)  Mobile Sink Navigation Phase: In the proposed 
mechanism, the sink coordinate changes over time. At each 
position, the sink has a certain stop time to synthesize the 
signals from the CHs. In this paper, We give a circular motion 
sink, with a radius calculated from the center of the sensor 
area R = 15m, 25m, 50m, 75m, 100m, and after t = 40s, once 
and moving speed V = 10m / s.

3)  Data Collection Phase: The mobile sink when 
approaching the CH node, will broadcast the CH signal 
requiring the sending of all the stored data to the mobile sink. 
The CH button will forward all the aggregate data to the 
mobile sink. Proposed algorithm 1 with LEACH-based 
clustering approach combined with mobile sink can improve 
network lifetime better because mobile sink has reduced the 
transition energy consumption from CH compared to sink 
model permanent. However, Itdid not achieve the best 
performance due to limitations in the CH selection process 
based on the random probability of the LEACH algorithm. In 
order to overcome this limitation, it is better to select better 
clustering algorithm,We proposed fuzzy clustering algorithm 
combining mobile sink can solve this problem.

B. Proposal 2: Fuzzy clusters combining mobile sink
Proposed algorithm 2 offers a solution to improve the 

proposed algorithm 1 in better clustering selection, thereby 
improving the network lifetime. The cluster chief 
communicates with the sink. Selection of CHs was performed 
by using a fuzzy logic-based approach. The CHs were selected 
based on the two input Fuzzy Inference System (FIS) 
parameters: residual energy, the local distance of each node. 
The improvement algorithm of the second algorithm by 
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combining the CHEF fuzzy clustering algorithm with the 
circular sink model. 

The flowchart of proposed solution 2 is as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The operation of Proposal 2 is divided into three phases: 
- The network cluster phase is based on fuzzy logic 
- Mobile sink navigation phase 
- Data collection phase 

1)  Network clustering phase based on fuzzy logic: CHEF 
configures the clusters in each loop, the sensor nodes generate 
a random number between 0 and 1. If the random number is 
less than Popt, the sensor node will calculate the chance by 
using the fuzzy rule and then advertise a candidate message 
(Candidate_Message) with chance. This message means that 
the sensor node is a candidate for CH with the value of 
opportunity. Popt is defined in formula (2.2): 

Popt = α × P (2.2) 

Where P is the desired percentile rate of the cluster heads 
and α is a constant value defining the candidate's ratio for CH. 
When a sensor node advertises a candidate message, this node 
will wait for candidate messages from other nodes. If the 
opportunity itself is greater than every opportunity from the 
other nodes, the sensor node will broadcast a CH message, 
meaning that the sensor node is selected as the cluster head. If 
a node that is not the cluster head receives the CH message, 
the nearest CH button is the head of the cluster and sends a 
message joining the cluster to the CH. 

To get a chance, the CHEF uses two fuzzy sets and the if-
then rule. 

 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Cluster Head Selection Diagram based on fuzzy reasoning system 

The fuzzy variables used in the if-then fuzzy rule are 
defined as follows: 

Energy Er (Si) is the residual energy of the node 
Local Distance D (Si) is the sum of the distance between 

the node and other nodes within the radius of R. 
Two fuzzy sets are defined for each input variable, where 

μEr represents the dependent function of the input energy 
variable, μD represents the dependent function of the input 
variable distance. 

 
Figure 4.  Energy Fuzzy Variable input FIS 

 
Figure 5.  Distance Fuzzy Variable input FIS 
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Figure 6.  Output of FIS 

The chance to represent the output is determined by the nine 
associated functions as shown in Figure 6 for most 
capabilities. CH is determined from time to time as the 
maximum probability nodes (Chance max) or nodes with E> 0 
and D have the smallest distance. The fuzzy rule is described 
in the following table: 

TABLE 1. 9  FUZZYRULE IF-THEN IN PROPOSAL 2 

STT Residual Energy Local Distance Chance 

1 LOW FAR V. SMALL 

2 LOW MEDIUM R. SMALL 

3 LOW NEAR SMALL 

4 MEDIUM FAR S. MEDIUM 

5 MEDIUM MEDIUM MEDIUM 

6 MEDIUM NEAR V.MEDIUM 

7 HIGH FAR S.LARGE 

8 HIGH MEDIUM LARGE 

9 HIGH NEAR V.LARGE 

 
The CHEF mechanism overcome the drawback found in 
LEACH. A more energetic sensor has more opportunities to 
become a chief cluster because energy is considered in 
calculating an opportunity in fuzzy logic. In addition, local 
area fuzzy variables make optimal local node as a cluster head 
more likely. This is because the power consumption of 
wireless communication mainly depends on the distance 
between the two nodes and the density around the node will be 
almost the same. By considering at energy and local distances, 
CHEF can select the optimal CH at that time and can extend 
the life of the network. 

2)  Mobile Sink Navigation Phase:  In proposal 2, the mobile 
sink is also based on the mobile sink model of the MECA 
algorithm, the sink coordinate changes over time. At each 
position, the sink has a certain stop time to synthesize the 
signals from the CHs. In this proposal 2, the mobile sink is 
circular orbit, with a radius from the center of the sensor area 
R = 50m, 15m, and after a period of t = 40s, the sink changes 
its position once and movement speed V = 10m / s. 

3)  Data Collection Phase:  Similar to proposal 1, the mobile 
Sink once approached the CH node, which would broadcast 
the CH signal requiring the CH node to send all the stored 
data to the mobile sink. The CH node will forward all the 
aggregate data to the mobile sink. Proposal 2 with fuzzy 
clustering based on the CHEF algorithm combining mobile 
sink has significantly reduced energy consumption due to 

better cluster selection than proposed 1 with clustering based 
on the LEACH algorithm combining mobile sink. This 
improves the life of the growing network.  

To demonstrate the effectiveness of the proposed solution, 
algorithms are simulated, compared, evaluated results on 
MATLAB simulation software. 

IV.  SIMULATION RESULTS 
For testing and analysis of suggestions (for power 

consumption), some experiments and simulation experiments 
were performed through Matlab simulation software. The 
simulation environment is set up with the parameters listed in 
Table 2. Assuming that all sensor nodes are randomly 
distributed in a 100m × 100m area, the sink hasn't energy 
constraint. And normal nodes have limited power. Finally, 
different performance indicators will be evaluated for 
proposals 1 and 2 and compared to the LEACH, CHEF 
algorithm. 

TABLE 2. NETWORK PARAMETERS 

Parameter Name Value 
Area simulation 100m*100m 

Number of the sensor nodes (n) 100 
The desired percentage becomes CH (p) 0.05 

Length of the packet (k) 4000 
Initial energy of the sensor nodes (E0) 0.1 
Energy consumption on circuit (Eelec) 50nJ/bit 

Channel parameter in multi-path model (Emp) 0.0013pJ/bit/m4 
Channel parameter in free-space model (Efs) 10pJ/bit/m2 

Energy data aggregation, EDA 5 nJ/bit 
Simulation time (rmax) 1000 round 

 
For proposal 1 

 In the LEACH system, the BS (or sink) position is 
fixed, while in proposal 1, proposal 2 then BS coordinate is 
changed by the time. At each location, the BS has a certain 
stop time to synthesize signals from the CHs. In this paper, the 
sink  moves in a circular orbit, with radius calculated from the 
center of the sensor area R = 15m, 25m, 50m, 75m, 100m, and 
after a period of time t= 40s, the sink changes position one at a 
time and speed Movement V = 10m/s. From the simulation 
results of Figure 7, we see that for each case different results 
are given (different alive nodes). As the sink moves toward 
the center of the network, the alive nodes increase. 
Conversely, the number of alive nodes decreases. 

TABLE 3. NETWORK LIFETIME COMPARISON TABLE BETWEEN 
PROPOSALS 1 AND LEACH 

Protocol/Time The 1st dead 
time (round) 

100% dead 
time (round) 

LEACH 121 339 
Proposal 1 R=100m 112 257 
Proposal 1 R=75m 125 312 
Proposal 1 R=50m 124 320 
Proposal 1 R=25m 124 352 
Proposal 1 R=15m 131 497 

- In LEACH and Proposal 1, the CH determination is based 
on random probability. Sink change position during 
simulation, when changing radius of travel R = 100m, 75m, 
50m, 25m, 15m, the life of the network increases, with a 
radius R = 15m, the network life time longest. When the sink 
travels outside the sensor area with R = 100m, R = 75m, the 
network life decreases due to the increased data transfer 
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distance between the CH and the sink. When the sink travels 
in the sensor area with R = 50m, R = 25m, R = 15m, the 
network life increases as the data transfer distance between the 
CH and the sink decreases. 

Figure 7. Comparison of alive nodes between Proposals 1 and LEACH

Figure 7 shows the comparison of alive nodes through the 
rounds of the simulation algorithms. The results show that 
better performance in reducing energy consumption is when 
the mobile sink, the distance between the CH and the sink 
decreases, the energy consumption also decreases. In the case 
of mobile sink, due to the sink movement, which distributes 
the energy dissipated between the CH nodes. 

Based on the results of the simulation and Table 3, there are 
the following assessments: 

- The number of live nodes of the LEACH mechanism is 
lower than the proposed 1 with R = 15m, R = 25m. 

- In proposal 1 when changing the radius of travel, the 
number of nodes alive and the average power of the network 
increases. As the sink moves closer to the center of the sensor 
area, the results change, but the changes are not high. 

- Based on the results of Table 3 above, it is essential to 
improve proposal 1 by combining with other methods to 
increase the effectiveness of proposal 1. Therefore, proposal 2 
uses fuzzy clustering combined with mobile sink to increase 
the effectiveness of proposal 1. 

For Proposal 2 
In Proposal 2 use fuzzy logic based on the CHEF algorithm 

or in other words use the fuzzy inference system (FIS) to 
determine the CH. The basis for using this method is based on 
the energy of each node and the location distance. Calculate 
the location distance: D=
the energy of each node and the location distance. Calculate 

with  is the distance of 
the nodes in the circle of radius r0 with r0 being the maximum 
transmission radius of each nodes and n is the total number of 
nodes are in that area. 

The simulation steps are as follows: 
a) Energy and location distance (input) functions for the 

fuzzy inference system (FIS). 
b) Establish the rules. 
c) Apply the fuzzy reasoning system (FIS) to calculate the 

probability of each node. 
d) Based on the probability of each node, we choose the 

nodes with the greatest probability to become CH. 
e) For sink change location during simulation, select radius 

R = 50m, 15m. 

f) The sink process collects data from the CHs in the 
network. 

TABLE 4. NETWORK LIFETIME COMPARISON BETWEEN PROPOSAL 2
WITH LEACH, CHEF, PROPOSAL 1

Protocol/Time The 1st dead 
time (round)

100% dead 
time (round)

LEACH 121 339
CHEF 273 478
Proposal 1 R=15m 131 497
Proposal 2 R=50m 568 825
Proposal 2 R=15m 722 936

Based on the results of Table 4, method of Proposal 2, 
clustering combined mobile sink with R = 15m achieves the 
highest efficiency. Figure 8 shows the comparison of alive 
nodes through rounds of the simulation algorithms.The graph 
above show that the Proposal 2 are more stable than other 
algorithms because longer appearance of the first dead node 
and final dead node than the Proposal 1 and LEACH 

Figure 8. Comparison of alive nodes between Proposal 2 with LEACH, 
CHEF, Proposal 1

The results showed that the best performance in reducing 
energy consumption was when the mobile sink combined with 
clustering based on fuzzy logic, CH selection was better and 
the distance between CH and sink decreased, Consequently, 
energy consumption is reduced significantly. In the case of 
fuzzy clustering combined with mobile sink is higher than 
other protocols due to the application of fuzzy logic in the 
selection of CH with the CH option of other protocols and also 
because of the sink movement that distributes the energy 
dissipated between the CH nodes. 

Based on the results of the simulation have commented as 
follows: 

- Number of alive nodes and average energy of Proposal 2 
R = 15m, Proposal 2 R = 50m higher than LEACH, CHEF, 
Proposal 1. 

- In which Proposal 2 R = 15m gives the highest result. 

V. CONCLUSIONS 
In this paper we have studied the performance of using 

mobile sink for data collecting in WSNs. When the sink 
moves continuously creating good and bad performance, so 
choosing the model and the efficient way to moblie sink is is a 
functional part of the proposed job. Thereby, when 
considering the mobile sink under different radius circles, it 
has shown that different network performance improves, the 
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closer the center of the sensor area can be to higher efficiency. 
Proposal 1 was an energy efficient combination based on the 
LEACH routing protocol developed for mobile sink was the 
basis for initial research. Proposal 2 was most effective when 
considering clustering based on fuzzy logic with the mobile 
sink model. The two proposals are designed, compared to 
LEACH, CHEF and more effective to work with 
homogeneous sensor environments. Both introduced proposals 
are enhanced with mobile sink according to predictable path 
for data collection mechanism, which determines the better 
sink motion status relative to the network life. In conclusion, 
the proposed combination of fuzzy clustering and mobile sink 
demonstrates the superiority of LEACH and CHEF protocols 
on network lifetime. 
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