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Abstract: In order to prolong the life cycle of underwater acoustic sensor network, 

this paper proposes a clustering protocol based on fuzzy logic. according to the 

information of node residual energy, depth and number of neighbors, each node 

becomes the priority of cluster head by fuzzy logic, and then the cluster head node is 

elected by distributed competition. In the process of inter-cluster communication, a 

next-hop selection strategy based on residual energy and forwarding cost is proposed 

to suppress the "hot zone" effect. The simulation results show that compared with the 

existing clustering protocol, the clustering algorithm can effectively prolong the 

network life cycle and adapt to the dynamic and changeable marine environment. 
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1. Introduction 

Underwater sensor networks are widely used in environmental information collection, 

marine resources exploration and seawater pollution detection. In underwater sensor 

networks, it is difficult to replace batteries for nodes because of the deployment of 

limited nodes in complex underwater environments. Therefore, how to reduce energy 

consumption, prolong network life cycle and improve energy utilization is the key 

problem faced by underwater sensor networks [1-4]. Clustering network protocol has 

been proved to be a basic mechanism to save energy consumption and improve 

network life. The cluster network protocol is to divide the nodes into multiple clusters. 

The cluster head is responsible for collecting the node data and data fusion in the 

cluster. Finally, the data is sent to the base station by the way of inter-cluster 

transmission [5-8]. 

In clustering networks, the election of cluster heads and the selection of inter-cluster 

communication relays have an important impact on the overall network life cycle. since 
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cluster head election and inter-cluster communication relay selection, decisions are 

made on the basis of fusion of multiple attributes (such as residual energy, distance 

to base station, and neighbor node density, etc .) [9–10], designing appropriate fusion 

algorithms and then making correct decisions affect the overall network performance. 

Because of the different communication environment, the clustering protocol in  

wireless communication can not be directly applied to underwater networks. Therefore, 

a variety of underwater clustering algorithms have been proposed in literature [11-

13], and good results have been obtained. However, in the existing underwater 

clustering network protocols, the constraint relationship between attributes is not 

considered when cluster head election and inter-cluster communication relay selection. 

At the same time, the measurement of attribute value is error and decision result. By 

studying the characteristics of underwater clustering network and combining with 

fuzzy logic theory, this paper designs a clustering protocol algorithm suitable for 

underwater dynamic environment (FLCU). 

The main innovations of this paper are as follows: 

(1) Aiming at the uncertainty of underwater acoustic communication environment, a 

distributed cluster head election method based on fuzzy logic is proposed. 

(2) In order to suppress the heat region problem, a next-hop selection strategy based 

on residual energy and forwarding cost is proposed.  

 

2. System Model 

2.1 Network Model 

A number of sink nodes are deployed on the sea surface and are responsible for 

periodically collecting the data of the sensor nodes. The sensor nodes are randomly 

deployed underwater. The network node model can be expressed as follows:  

(1) Sink have location information for all network nodes and can communicate with all 

sensor nodes. 

(2) The initial energy of all network nodes is the same, and the death of network 

nodes is only due to the depletion of battery energy. 

(3) Network nodes can maintain low-power sleep mode and can adjust transmission 

power according to communication distance. 

2.2 Energy Consuming Model 

The transmission sound source level is , the propagation loss is , the marine 

environment noise level is , and the receiving detection threshold is . According 

to the sonar equation, it is necessary to ensure that the data can be received correctly: 

  

  (1) 

Assuming that the communication distance is , combined with absorption loss and 
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expansion loss, it can be concluded that the propagation loss is: 

  (2) 

Among them,  represents different expansion laws, and its value depends on the 

acoustic propagation conditions in the sea area. For example, is for cylindrical 

expansion, is for spherical expansion, is for 3/2 power law expansion.  

is a frequency  dependent absorption coefficient. 

A simple and effective formula for calculating the absorption coefficient  of 

seawater Thorp [11] given the known frequency : 

  

  (3) 

  

So, for the communication distance and the frequency , the sending sound source 

level is 

  (4) 

The relationship between energy consumption and transmitting sound source level is 

  (5) 

Where, is the conversion coefficient of battery efficiency, is the sound source 

level at 1 m from the sound source in the direction of the sound axis of the emitter, 

and its value is 170.8dB. 

So, send a bit with length , and the energy consumed in the data table is:  

  (6) 

Where,  is ,  is the node processing a bit of energy consumption, 

 is the transmission rate of the network. 

The energy consumed by  bit packets received by the node is 

  (7) 

 

3. The FLCU Algorithm 

3.1 Cluster-Head election 

The sensor node considers three parameters when calculating its own cluster-head 

probability, which are residual energy, depth and number of neighbor nodes. 

Residual Energy: If the residual energy of the node is , the initial energy is , 

the node energy factor is defined as follows: 
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  (8) 

Node depth: If the depth of node  is  and the maximum depth of network scene 

is , the node depth factor  is defined as follows: 

  (9) 

Number of neighbor nodes: if the number of neighbor nodes of node  is  and 

the maximum network density value is , then the density factor  of the node 

is defined as follows: 

  (10) 

Firstly, the residual energy, depth and number of neighbor nodes are blurred. The 

membership function is shown in Figure 1. The membership function of the priority of 

the cluster head is shown in Figure 2. 

 

Figure. 1  Membership functions of the input 

 

Figure. 2 Membership functions of the chances 
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The fuzzy rules are shown in Table 1. When the residual energy of the node is more, 

the shallow the depth, the more neighbor nodes, the higher the probability of 

becoming a cluster head. When the residual energy of the node is less and the depth 

is deeper, the probability of becoming a cluster head is smaller. 

Table 1 Fuzzy rules 

Input Output 

Residual energy Depth Density Priority 

H H H VH 

H H M H 

H H L RH 

H M H VH 

H M M H 

… … … … 

L L L VL 

 

Each sensor node obtains cluster head priority through the above fuzzy logic algorithm, 

writes the priority value into the packet, and broadcasts to the surrounding nodes. 

After receiving the broadcast packet sent by the neighbor node, the node determines 

whether it is less than the priority according to the priority of the neighbor node 

recorded in the broadcast packet, and writes the neighbor node to the list of candidate 

cluster heads if it is less than that. After the end of the cluster head competition slot, 

the node whose candidate cluster head list is empty will broadcast again and become 

the cluster head node. 

After receiving the broadcast of the neighbor node cluster head, the non-cluster head 

node selects the nearest cluster head node to send the join request. After receiving 

the request of the non-cluster head node, the transmission slot of each cluster member 

node is calculated according to the TDMA rules. The calculated slot planning 

information is notified to the intra-cluster node. 

3.2 Multi-Hop Routing among Clusters 

After the data acquisition of the cluster node is completed, the data is sent to the 

cluster head node, and the cluster head node processes the data of all the nodes in 

the cluster, and the fused data is sent to the Sink node one by one. When cluster head 

i selects the next hop, it selects the best next-hop node by means of weighted sum 

according to the remaining energy of the neighbor cluster head, the distance to the 

sink node and the distance value to the neighbor cluster head. 

Residual Energy, the residual energy of candidate node  of the next hop is , and 

the initial energy is , then the node energy factor  is defined as follows: 
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  (11) 

Distance to the sink node. The distance between candidate node  of the next hop 

and sink node is , then the distance factor  of the node to sink node is defined 

as follows: 

  (12) 

Distance to node j. The distance between node  and candidate node  of the next 

hop is , then the distance factor  of the node to node j is defined as follows: 

  (13) 

The above information of neighbor cluster head  is weighted and summed to obtain 

the forwarding priority  of each neighbor cluster head: 

  (14) 

Where, and . 

 

4. Simulation 

In order to verify the validity of the clustering protocol proposed in this paper, NS3 

simulation platform was used for simulation verification. The specific simulation 

parameters are shown in Table 2. 

Figure 3 shows the average energy consumed by the network nodes in each round of 

the 1 ~ 300th round of this implementation example. In this paper, the energy 

consumption per round of FLCU protocol is lower than that of CBKU and EULC 

protocols. Because this protocol makes decisions based on the information of the node 

itself in the cluster-head election, the additional energy consumption is reduced. EULC 

protocol needs to carry out layer information interaction in each round, which causes 

a lot of energy consumption. 

Figure 4 shows the time of death of the first node, the 150th node and the 300th node 

in the implementation example. In these three cases, the time of death of the nodes 

in this paper is significantly later than the time of death of the existing technology. 

Figure 5 shows the number of viable nodes during the network time. The simulation 

results show that because the protocol in this paper comprehensively considers the 

factors such as residual energy and forwarding cost in the inter-cluster communication 

mechanism, the hot zone problem is suppressed, the node death time is delayed, and 

the energy consumption is balanced. 

 

 



Volume 7 Issue 12 2020 
 

   56 

Table 2 Simulation parameters 

Network size  

Sink node location (500,500,0) 

Node number 500 

Packet size 100 bytes 

Frequency  30kHz 

 2 J 

 50 nJ 

 

 

Figure. 3 Average energy consumption per node over one turn. 

 

 

Figure. 4  Times at which the first node , 30% and 60% of nodes die. 
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Figure 6 shows the residual energy of the whole network in the whole simulation round, 

and figure 7 shows the number of packets received by the node sink the whole 

simulation round. It can be seen that the cluster head election based on fuzzy logic 

reduces the additional energy consumption of the network. The decrease of energy 

consumption and the increase of energy consumption balance ensure that the number 

of packets received by sink nodes is obviously higher than that of EULC protocol. 

 

Figure. 5 Number of surviving nodes. 

 

 

Figure. 6  Average node residual energy. 



Volume 7 Issue 12 2020 
 

   58 

 

Figure. 7   Number of packets received by the sink node. 

 

5. Conclusion 

Aiming at the problem of energy limitation in underwater acoustic sensor network, this 

paper proposes a network clustering protocol based on fuzzy logic. According to the 

information of node residual energy, depth and number of neighbors, each node 

becomes the priority of cluster head by fuzzy logic, and then the cluster head node is 

elected by distributed competition. In the process of inter-cluster communication, a 

next-hop selection strategy based on residual energy and forwarding cost is proposed 

to suppress the "hot zone" effect. Compared with the existing clustering protocols, the 

clustering algorithm can effectively prolong the network life cycle. 
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