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Abstract 

Recent work shows sink mobility can improve the energy efficiency in wireless sensor 

networks. However, the mobile sink often leads to increasing the energy consumption and 

routing protocol variation, so support mobile sinks, energy efficient routing protocol is 

essential. In this light, the Minimum energy consumption relay node is proposed, which plays 

a import role to broadcasting the estimated sink’s location information to the nodes which 

take data packets to establish the efficient routing. Meanwhile the periodic broadcast scheme 

to provide the sink’s location information is broadcast to entire network in order to increase 

the data packet delivery ratio. The simulation and experiments show that the proposed 

routing algorithm reduces the energy consumption of the network node, and at the same time 

keep the network higher data rate. 
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1. Introduction 

Wireless sensor network (WSN) is a kind of new information retrieval technology, which 

combined the integration of information collection, signal transmission, and the embedding. 

The perception of sensor nodes by wireless communication mode can build up a wireless 

network [1]. In wireless sensor network (WSN) of the still Sink, the Sink node deployed 

around not only send his perception of the data to the Sink, but also as a relay nodes send data 

which other nodes sent to the Sink. Therefore the energy around the Sink node significantly 

more than the Sink node far away, which leads to uneven node energy consumption, affecting 

the network life [2]. To solve the contradiction between more energy consumption of mobile 

sink nodes and the lower transfer rate. This paper tries to seek the best mobile sink routing 

strategy. While satisfying the requirement of data transfer rate, minimizing the overall energy 

consumption.  

At present, the related literature in view of prolonging the network lifetime of mobile Sink 

methods have been proposed [3-5]. These methods are conditioned by the distance between 

the node and the Sink; Sink mobile maximum distance; staying time of Sink; energy of node 

around Sink etc., therefore, this method has high complexity and poor flexibility. According 

to the complexity of WSN routing protocols for mobile Sink, literature [6] proposed a WSN 

energy balance clustering routing protocol. This method divided the entire network into 

several grids. Each grid selects cluster head using the cluster evaluation model. The cluster 

head is responsible for collecting interesting events within the cluster, and send the data 

fusion event to the Sink. However, the nodes which the protocol defines are uniform, which is 

not tally with the actual application, defining the scope of the protocol. In literature [7], the 

double data distribution TTDD model is put forward. This method based on the location of 

the source node, divided the network into the grids with the size of  , and found the 
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nearest node near intersection as the transmitting nodes. Each TTDD data source built mesh 

structure to receive data content which nodes broadcast to the Sink. Although TTDD 

proposed methods to solve the mobile Sink and the flooding when it moved, the use of unit 

length query algorithm will limit the notifying information flood within the scope of smaller 

grid, leading the change of routing information is not timely, also increasing the network 

energy consumption. In addition, choosing the nearest node in the intersection will 

enormously consume the node energy consumption. If the node itself has lower energy 

consumption, it will be very easy to cause the death nodes, affecting the entire network 

performance.  

In order to improve the WSN network flexibility of mobile Sink, literature [8] put forward 

energy-efficient target detection in sensor networks using line proxies (LPTD). LPTD made 

all nodes as the candidate of collection node in order to realize the load balance, so the time 

synchronization between all nodes is difficult to achieve. Literature [9] put forward an 

adaptive location updates routing protocol (ALURP). This protocol uses the updates location 

of the mobile Sink to flood in the scope of node communication. However, when the Sink is 

beyond the scope of communications (faster move), it still needs to flood in the network, 

increasing energy consumption. Literature [10] put forward an Agent routing algorithm, 

which is flexible and is based on local routing updates. This algorithm uses Agent between 

the Source node and mobile Sink to realize the dynamic maintenance of the shortest 

transmission path. 

Literature [11] put forward the Elastic routing, which used the broadcast to receive the 

routing (ER). Literature [12] put forward a predictive flooding routing algorithm. This 

algorithm chooses relay nodes according to the random selection. It may lead that lower 

energy consumption nodes become relay nodes of routing updates, affecting the routing 

performance. In addition, the above protocols all assume that there is only one data source 

that sends packets. If several data packets appear in the same network, which will greatly 

reduce the network transmission rate.  

According to the above problem, this paper proposes a predictive routing for mobile Sink 

routing algorithm. This algorithm is mainly for monitoring applications by the use of wireless 

sensor network, and the Sink node is the data transmission in the mobile condition. This 

Algorithm introduced the concept of minimum energy consumption relay node, through the 

node periodic broadcast mechanism to realize the balance of energy consumption. The 

simulation and experiments show that this algorithm performance is better than the existing 

algorithms. 

 

2. System Energy Consumption Model 

In the study of wireless sensor network (WSN), the energy communication model of First 

Radio Order [13] was proved to be the best approach to send compute nodes and receive the 

energy consumption. In the First Radio Order energy consumption model, node sending 

energy consumption is proportional to the square of the propagation distance. This article 

does not consider the energy consumption produced by power control as well as some other 

external factors leading to the change of energy consumption, and assume that all nodes use 

fixed transmitting and receiving power, and energy consumption has nothing to do with the 

physical distance between nodes. Therefore, the energy consumption model is defined as: 

( )
r t

p e k k                                                       (1) 
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Here, p is the energy consumption of the nodes, r
k

 is the receiving data, t
k

indicates the 

amount of data sent. e  is the sending and receiving unit data amount of energy consumption . 

The energy consumption of sending m b it is: 
2

( , )
t e le c

k m d m E m d                                         (2) 

Among them, d  is the node communication radius，
elec

k E  is the energy consumption of 

sending or receiving circuit   is the amplifier parameters of amplifier power. The energy 

consumption of receiving m b it is 

( , )
r e lec

k m d m E                                                       (3) 

   The energy consumption of entire wireless sensor network is defined as: 

1 1

( )
r t

n n

i i

to ta l i

i i

p p e k k i

 

                                                 (4) 

Here, 
r

i
k ，

t

i
k is the sending and receiving data of the i th node to. 

 

3. The Relay Node of Minimum Energy Consumption and the Update 

Process of Sink Location 

In the wireless sensor network of mobile Sink, the broadcast of the Sink node location 

information is the key to realize routing transmition; however, this process will produce large 

amounts of energy consumption. So in the WSN of the mobile Sink, the computing of 

location of Sink nodes and the relay node selection in the mobile area will greatly influence 

the performance of the network. In this article, the mobile Sink nodes can compute the 

coordinates of its new location without changing its direction by formula (5): 

( , ) ( , )
n ew cu rren t

S in k X Y S in k X Y S in k                                           (5) 

Here, ( , )
n ew

S in k X Y is the coordinates of the new location after Sink moves, and  

( , )
cu rren t

S in k X Y  is the coordinates of the current location, the vector S in k  is the mobile 

speed and direction. Once the Sink node changes the direction, the coordinate of new location 

is calculated by the formula  

_ _

_ _ _

( , ) ( , )
e s t c u r re n t

to ta l w o rk in g tim e

n u m b e r o f t im e s c h a n g in g

S in k X Y S in k X Y S in k

S in k

S in k

  

                                            (6) 

Here, 
_ _to ta l w o rk in g tim e

S in k  is the working time in a direction, and 
_ _ _n u m b e r o f tim e s c h a n g in g

S in k  

is the number of changing direction times when working. By formula (5) and (6), it can be 

accurately estimated the Sink node mobile location. 

This article introduces the Relay nodes (RN) as the RN of the routing information updates 

of mobile Sink in the moving process. When the Sink changes the direction of transmission, 

at this time it is need to find a new RN node. The selection of RN node is based on the 

maximum residual energy nodes as an RN node according to the Sink node data transmission 

radius. This will make balanced energy consumption in the range of mobile Sink node 

communication radius, improving the network lifetime. 
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i i i

c u rre n t in it
E E p                                                               (7) 

By comparison, it should choose ( )
i

cu rren t
M a x E as an RN node. Once the Sink chooses an 

RN node, RN will receive the previous RN node information from the Sink.  

RN receives information packets from the Sink node mainly includes the following 

content, format, as shown in Table 1: 

Table 1. Update Location of Data Packets 

Relay 

node 

ID 

Previous 

relay 

node 

Sink 

energy 

Estimate 

Sink 

location 

Generate 

time 

Relay 

node 

location 

The described packet of information is: 

(1) Relay node ID: ID number and coordinate information of the nearest node to Sink node;  

(2) Previous relay node: coordinate information of previous RN node;  

(3) Sink energy: Sink node residual energy;  

(4) Estimate the Sink location: the coordinates of the new location of Sink by the formula (2);  

(5) Generate time: the time of completing RN node selection and new location estimation;  

(6) Relay node location: an RN coordinate information. 

The last three are the routing information which reaches the Sink node. RN will send the 

Sink node location and routing information table item in accordance with the greedy routing 

approach to the previous RN node. Algorithm 1 describes the process of Sink node radio 

location information. Algorithm 2 describes the process of RN’s updating routing information 

as a relay node. 

 

 

Algorithm 1  Sink node's broadcast  

 

① If you find a new neighbor node 

②According to the formula (5), calculate the new coordinates of the Sink node 

③According to the table (1), broadcast the Sink  location information data 

packets within the Sink radius  

④ If the Sink node change the direction of transmission ⑤According to the 

formula (6), calculate the new coordinates of the Sink node 

⑥According to formula (7), calculate the node with the maximum residual 

energy in Sink node communication radius, and select it as the RN node  

⑦ RN node broadcast Table 1 data packet according to the greedy routing 

algorithm, in order to update node routing information in the course of 

transmission path. 
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As shown in Figure 1: it can be seen that in the process of the movement of the Sink, 2 RN 

nodes are produced. RN sends the Sink node information table item to the previous RN node 

in accordance with the greedy routing approach. During this process, Sink node location 

information which is in the node communication radius will be updated. 

 
RN node

Communication 

radius

Routing Updates

A

Sink Direction of 

movement

 

Figure 1. Sink Information Update Process 

4. Routing Strategy 

4.1. Routing 

After the sensor nodes obtain routing data update, and the new data packet was generated. 

The format and content of the packet is Relay node ID, Estimate Sink location, Generate time, 

Relay node location and data. The sent routing information is the final routing information.  

As shown in Figure 1, when node A receives the packets from other nodes, node A 

compares the Generate time from the receiving data packet and the Generate time from node 

A. If the Generate time from the receiving data packet is greater than the Generate time from 

node A, then node an update the Generate time of nodes. By executing the above update 

process, the node routing information of the whole Sink moving path will be updated, and 

update all node routing of the node communication radius.  

When the data according to the updated path reach the Sink predictive location, there are 

the following two cases: 

 (1) The Sink node is over the predictive location, which is as shown in Figure 2 (a). At this 

time the data packet will update the routing information along the Sink transmission path. 

(2) The Sink does not reach the previous routing predictive location, but change the 

direction somewhere in the middle, which is as shown in Figure 2 (b). At this time, the RN 

node directly transmits the data packets to the Sink node. 

Algorithm 2  Node target information updates  

 

① RN node sends the Sink node updating location information (Table 1 format)to 

the previous RN node  based on the greedy routing algorithm 

② During the process of sending, still choose the relay node with the maximum 

residual energy in the communication radius 

③ All the relay node will receive the latest location information of the Sink node 

in the whole updating process 
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So when the sensor nodes collect the data and begin choosing the routing, the clustering 

wireless sensor network data will converge the transmission method [14], through clustering 

method of balanced energy consumption and data prediction transmission mechanism, which 

can effectively prolong the network life span, and after reaches the Sink node communication 

radius, the path choice depends on the routing method proposed in this paper. 

 
RN node

Communication 

radius
Expected 

position of Sink

Sink Direction 

of movement

 

Figure 2. (a) Two Special Cases of Routing Updates 
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Figure 2. (b) Two Special Cases of Routing Updates 

4.2. Entire Network Periodic Broadcast Sink 

In order to better realize the routing information update, guarantee the accuracy of the data 

transition, this paper puts forward a method of entire network broadcast of Sink location 

information, as shown in formula (8): 

s in k

B ro a d c a s t
V


                                                                        (8) 

B roadcast Is the periodic broadcast, 
s in

a v e r

k

c u rre n t

E
k T

E
    indicates the radio control 

condition, k is the number of random distribution, and its scope is [1, 10], T is broadcast 
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duration time, 
a ver

E is the average residual energy for all nodes in the network, 
s in k

V is the 

Sink node movement speed. By the formula (7), it can be seen that the residual energy of Sink 

node is greater, the broadcast cycle is shorter. Although the entire network broadcast the 

location of Sink will consume the energy of nodes, more nodes can accurately identify the 

location of the Sink, and find better routing. 

 

5. The Simulation Experiment and Result Analysis 

The Simulation experiment evaluates the performance of the algorithm from two important 

aspects: the data transmission rate and energy consumption. Data transfer rate is defined as a 

certain number of data packets which involves from the target node transmition to the Sink 

node transmission rate. Energy consumption is defined as the consumed energy of node 

dealing with the routing updates and data transmission. Here the additional energy 

consumption factors are ruled out. Comparing MECRN with ALURP [19] and ER [18] 

algorithm, the obtained simulation results will be compared and analyzed. 

The specific parameter Settings of simulation experiment are as follows: (1) The nodes 

number of simulation environment is set to [500, 1000]; (2) The Sink node mobility rate is [5, 

20] m/s. (3) The number of data packets is set to 100; (4) the simulation cycle is set to 100s. 

(5) Node communication distance is set to 30m. (6) The energy consumption of the node 

model is consistent with the literature [13], constant e is set to 015 LJ/bit, delay requirement 

D is set to 600 seconds, that is, all data must be transmitted to the mobile sink points within 

10 minutes. (7) In order to better verify the algorithm performance, 
s in

a v e r

k

c u rre n t

E

E
is set to 2, that is, 

the current Sink node energy consumption is the half of the average energy consumption. The 

duration of the broadcast is set to 5, so the maximum value for is 100. (8) All nodes have 

the same initial energy--20J. To reduce the error, all the data in the simulation experiments 

are the average of 50 times randomized trials. Parameters are shown in Table 2: 

In addition, in order to better verify the validity of the entire network broadcast Sink node, 

the data transfer rate and energy consumption of the MECRN with and without the presence 

of entire network broadcast mode will be compared. 

Table 2. Simulation Parameters 

 

Network size                1000×1000 m
2
 

Node communication distance   40 m 

Number of nodes             [500,1000] 

Sink node mobility rate        [5,30] m/s 

The simulation duration        600 s 

The number of packets         100 

Node initialized energy         20J 

The times of experiment        50 

 

5.1. Changes of Nodes Number 

Figure 3 and Figure 4 respectively shows the effect of ALURP’s, ER’s and MECRN’s 

changes of nodes number to the data transmission rate and energy consumption. Data transfer 

rate here is defined as the ratio of data packet number that the source node successfully 

transmitted to the Sink node, and the number of all data packets. The energy consumption is 
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defined as the total energy consumption of updating Sink node location information for data 

node, as well as data transmition process. Its unit is J. In the simulation experiments,  are 

50, the mobile rate of the Sink node is set to 25 m/s. It can be seen that ER showed less data 

transfer rate and lower energy consumption. Because in the ER, the source node’s data 

packets can be sent directly to the Sink node, and the data transmission efficiency is low. 

Since there is no routing and update process lead to a lower energy consumption. On the other 

hand, ALURP showed better data transmission rate and higher energy consumption. This is 

because ALURP applies the flooding mechanism, therefore all the nodes can quickly know 

the location of the Sink, thus showing better data transfer rate, and consuming large amounts 

of energy. MECRN due to apply predictive higher energy consumption nodes as the transmit 

relay node updating routing information, thus it can effectively save energy consumption, also 

in the use of regular entire network broadcast mechanism, routing performance is better. 

Choosing the RN as a relay node makes the network energy consumption more balanced. 
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Figure 3. Node Number’s Effect to the Data Transfer Rate 
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Figure 4. Node Number’s Effect to the Energy Consumption 
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Figure 5. Sink Mobile Speed’s Effect to the Data Transmission Rate 
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Figure 6. Sink Mobile Speed’s Effect to the Energy Consumption 

5.2. The Change of Sink Node Mobile Rate 

Figure 5 and Figure 6 respectively shows ALURP’s, ER’s and MECRN’s data 

transmission rate and energy consumption along with the changes of Sink node’s mobile rate. 

In the simulation experiment, is 50, the number of nodes is set to 1000. When ALURP and 

MECRN protocols’ nodes mobile rates of changed, their data transmition rates were closed to 

each other. While ER protocol showed relatively poor data transmition rate, which is due to 

the fact that ER directly sent data packets to the Sink node, and its efficiency is much lower 

than using multipath routing strategy. In the experimental results of the energy consumption, 

we can see the ER showed lower energy consumption, and MECRN showed the highest 

energy consumption without using the entire network broadcast. 

The above two experiments reflect that MECRN protocol reduces the energy consumption 

of network nodes, while maintaining higher data transmition rate of the network. 
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5.3. The Change of   

In order to find the effect of value to the performance of algorithm, in the experiment, 

node number is 1000; Sink node mobile speed is 25 m/s. 

Figure 7 and Figure 8 respectively MECRN’s data transmission rate and energy 

consumption as  changes the value. From Figure 7, we can see that, as  increasing, 

broadcast cycle becoming greater, and the network nodes dynamism entire network update 

cycle also changes. It may not be updated timely, data mobile rate were under certain 

influence. Due to changed in Figure 8, energy consumption also increased gradually, this is 

because when the node energy work is looking for routing power launch, the network burden 

is increased. 

 

6. Conclusions 

In the wireless sensor network that supports the mobile sink, every time the sink 

node moves, the routing should be rebuilt. If the routing is frequently rebuilt, it not only 

causes unnecessary energy consumption, but a large number of the broadcast news will 

cause the network storm. According to the above problems, this paper introduces the 

concept of minimum energy consumption relay node (RN). By RN, it can be estimated 

the location coordinates of Sink node. It can also guarantee the accurate routing 

information by the update mechanism and the periodic entire network. The simulation 

experiments show that the proposed routing algorithm reduces the energy consumption 

of the network node, and at the same time keep the network higher data rate.  

 

Acknowledgements 

The work described in this paper is supported by Supported by Natural Science 

Foundation of Heilongjiang Province of China (ZD201203/C1603). 
 

References 

[1] I. F. Akyildiz, W. Su, Y. Sankarasubramaniam and E. Cayirci, “Wireless sensor networks: a survey”, Comput 

Netw, vol. 38, no. 4, (2002). 

[2] C. Chen, J. Ma, K. Yu, “Designing Energy Efficient Wireless Sensor Networks with Mobile Sinks”, 

Proceedings of the ACM Sensys Workshop WSW, (2006) October, Boulder, Colorado, USA. 

[3] W. Liang, J. Luo and X. Xu, “Prolonging network lifetime via a controlled mobile sink in wireless sensor 

networks”, Proceedings of the 53th IEEE Global Telecommunications Conference, (2010) December 6-10, 

Miami, FL,USA. 

[4] Y. S. Yun and Y. Xia, “Maximizing the lifetime of wireless sensor networks with mobile sink in delay-

tolerant applications. IEEE T Mobile Comput., vol. 9, no. 9, (2010). 

[5] M. Marta and M. Cardei, “Improved sensor network lifetime with multiple mobile sinks”, Pervasive Mob 

Comput., vol. 5, no. 5, (2009). 

[6] Z. Zhi, L. Da-yong, L. Shao-qiang, F. Xiao-ping, Q. Zhi-hua and L. Yon, “Energy-balanced clustering routing 

protocol in wireless sensor networks with a mobile sink”, Control and design, vol. 27, no. 8, (2012). 

[7] F. Ye, H. Luo, J. Cheng, S. Lu and L. Zhang, “A two-tier data dissemination model for large-scale wireless 

sensor networks”, Proceedings of 8th International Conference on Mobile Computing and Networking, 

Atlanta, (2002) September 23 – 28, Atlanta, GA,USA. 

[8] J. Lee, W. Yu, X. Fu, “Energy-efficient target detection in sensor networks using line proxies”, Int J Commun 

Syst., vol. 21, no. 3, (2008). 

[9] G. Wang, T. Wang, W. Jia, M. Guo, J. Li, “Adaptive locat.ion updates for mobile sinks in wireless sensor 

networks”, J Supercomput., vol. 47, no. 2, (2009). 

[10] J. Yu, E. Jeong, G. Jeon, D.-Y. Seo, “Park KA dynamic multi agent-based local update strategy for mobile 

sinks in wireless sensor networks”, Proceedings of 11th International Conference on Computational Science 

and Applications, (2011) June 20-23, Santander, Spain 



International Journal of Grid Distribution Computing 

Vol.7, no.3 (2014) 

 

 

Copyright ⓒ 2014 SERSC  153 

[11] F. Yu, S. Park, E. Lee, S-H. Kim, “Elastic routing: a novel geographic routing for mobile sinks in wireless 

sensor networks”, IET Commun., vol. 4, no. 6, (2010). 

[12] K. Shin and S. Kim, “Predictive Routing for Mobile Sinks in Wireless Sensor Networks: A Milestone-based 

Approach”, Journal of Supercomputing,  vol. 62, no. 3, (2012). 

[13] R. Heinzelman, A. Chandrakasan, et al., “An application- specific protocol architecture for wireless 

microsensor networks”, IEEE Trans on Wireless Communications, vol. 1, no. 4, (2002). 

[14] Y. Jun, Z. Deyun and W. Yi, “Cluster-Based Data Aggregation and Transmission Protocol for Wireless 

Sensor Networks”, Journal of software, vol. 21, no. 5, (2010). 

 

Authors 
 

Xianhui Yang, he graduated from Northeast Forestry University in 

2011 and received a Master Degree of Computer Application. At the 

same year, he studied in the same university for the Doctor Degree, 

specializing in Wireless Sensor Networks. 

 

 

 

 

 

Honge Ren, she received PHD degree in 2006 from Northeast 

Forestry University. Now she is professor of The College of Information 

and Computer Engineering. She is Senior Member of the CCF. Her 

current research interests include different aspects of Artificial 

Intelligence and Distributed Systems 

 

 

 

 

Weipeng Jing, he was born in 1979 in China. He is a associate 

professor in Northeast Forestry University. His research interests include 

modeling and scheduling for distributed computing systems, system 

reliability estimation, fault tolerant computing and system reliability, 

distributed computing. He is a member of the CCF. 



International Journal of Grid Distribution Computing 

Vol.7, no.3 (2014) 

 

 

154                    Copyright ⓒ 2014 SERSC 

 


