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Abstract 

In the specific application environment of transmission line monitoring, a MAC address 
allocation protocol suitable for long chain wireless sensor networks: long chain cluster 
dynamic address allocation (Long chain cluster Dynamic Address Allocatio) is proposed in 
consideration of the greater energy consumption of MAC addresses in long chain wireless 
sensor networks (long chain wireless sensor networks). N); the LDAA protocol divides the 
cluster area by the way of segmentation. On this basis, the MAC address space division 
multiplexing technology is used to assign two different MAC addresses to the cluster head 
node and the cluster member nodes, and the network of mobile nodes is considered, and 
MAC addresses are allocated for them. The simulation results show that in the transmission 
line environment, the LDAA protocol compares the traditional MAC address allocation 
protocol, which can reduce the average address length of the node and effectively reduce the 
energy consumption caused by the address of the transmission node. 
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1. Introduction 

The transmission line has a large area span and is mostly in an unattended area with few people. As 

a power grid infrastructure, it is exposed to the natural environment all the year round, which is 

vulnerable to environmental changes, which will seriously affect the overall performance of the 

power grid and the stability of its operation [1-2]. With the expansion of power grid and the 

development of smart grid in the future, transmission lines are becoming more and more difficult to 

maintain, so it is necessary to build a real-time monitoring network of transmission lines with high 

performance. 

However, the wireless sensor network has the characteristics of small size, self-organization and easy 
deployment, which can better meet the specific application scenario of transmission line monitoring 

network .WSN (Wireless Sensor Networks, WSN) is composed of a large number of sensitive 

elements. The wireless network composed of self-organizing and multi-hop sensor is designed to 

detect, collect, process and transmit the monitoring information of the perceived object in the 

geographical area covered by the network, and report it to the user for military application, the 

purpose of which is to detect, collect, process and transmit the monitoring information of the sensing 

object in the geographical area covered by the network. Environmental monitoring and other 

occasions have wide application prospects [3-4]. 

WSN is a highly application-related network. Only by studying and setting up its MAC address 
allocation protocol for a specific application scenario can it play a better performance. The traditional 

MAC address is a fixed length of 48 bits, but this does not apply to WSNs. Because sensor node 

hardware resources are limited, and the amount of data transmitted is small [5]. 
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The research shows that the communication overhead energy of wireless sensor networks is the 
largest, and each 1Bit data transmission is equivalent to the function of executing 3000 instructions. 

If the globally unique MAC address allocation method is adopted for the nodes in the network, it will 

result in the transmission of longer MAC addresses and consume too much node energy. However, 

MAC addresses in wireless environments only need to be unique [6] .MAC addresses in a 

neighborhood with spatial multiplexing, Compared with the traditional MAC address algorithm, 

which is not globally unique for network nodes, the spatial multiplexing of MAC addresses can 

greatly reduce the average length of MAC addresses. Small communications carry MAC addresses 
and consume too much energy. 

Some research achievements have been made on MAC address assignment of wireless sensors. Most 

of the network models are mainly for wireless sensor networks formed by sensor nodes which are 

randomly distributed in a certain range. Reference [5] addresses are used to identify nodes and enable 

network communication protocol [7], which fully explains the necessity of MAC address assignment 

protocol and the research content and challenges of future MAC address assignment protocol. 

Reference [6] A new MAC address assignment algorithm for wireless sensor networks, VGSR 
algorithm, is proposed. The theoretical basis of MAC address reuse is explained. VGSR algorithm 

compresses the length of MAC addresses by dividing the network into virtual cells and spatial reuse 

of MAC addresses, but each virtual lattice contains only one sensor. Nodes, this idea is too idealistic, 

because sensor nodes are randomly deployed, it is difficult to ensure that a virtual grid contains only 

one sensor node. Document [7] proposes a MAC address multiplexing compression algorithm [9] for 

dense wireless sensor networks. The compression algorithm is further improved on the basis of 

reference [6]. The region mesh is divided by the method of mesh generation. Each mesh is divided 
into several sensor nodes, and each cluster head node is selected by the cluster head node election 

strategy. For cluster head nodes, address multiplexing is done in terms of multiplexing area, while 

intra-cluster nodes do address multiplexing in terms of cells because of the particularity of 

communication. Document [8] proposes a cluster based dynamic MAC address allocation and update 

algorithm -- CDAA algorithm [10].  

CDAA algorithm uses address reuse technology to compress MAC address length by clustering on 
the basis of grid partition, and proposes an address update strategy based on utility function to update 

the address of nodes in the cluster, taking full account of the remaining energy of nodes, so as to 

reduce the energy consumption of some nodes in the cluster. As a result, the network lifetime is 

extended, but the address update policy introduces certain algorithm overhead. Reference [9] Based 

on the clustering network model with grid partition, and using redundant node detection technology, 

the redundant nodes in the network are eliminated and the performance of wireless sensor networks 

is improved.            However, most of the MAC address assignment algorithms described above are 

generally applicable to the wireless sensor network model in which N sensor nodes are randomly 

distributed in a N *N region. Wireless sensor network is a highly application-related network, there 

is no uniform MAC address allocation protocol for all types of wireless sensor networks, so we must 

design a suitable MAC address allocation protocol combined with specific application scenarios.  

2. Address Assignment Algorithm  

2.1 Network Model 

In transmission line system, transmission lines are usually composed of parallel three-phase wires by 

overhead. The WSN nodes are regularly and orderly deployed along the transmission lines, and their 

topology is long-chain. Sensor nodes are arranged on each tower three-phase separately, and the 

distance between sensor nodes is 400 meters from the transverse view. Because the A, B and C phases 

are closer, the vertical distance between sensor nodes is negligible. And once the sensor nodes are 

deployed, the location is fixed. The final network model is composed of 3N general sensor nodes and 

a sink node (sink). The WSN network model for transmission line monitoring has the following 

characteristics:  
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(1). Sensor nodes are deployed in a long chain along the transmission line, and the monitored data 
are transmitted to the sink node in real-time in a multi-hop manner.  

(2). The location of sensor nodes and sink nodes in transmission lines is relatively fixed, once the 

deployment is no longer mobile.  

(3). In network initialization, the sink node is assigned a label of 0, and each sensor node is assigned 

a unique label according to the principle of making the label of the sensor node far away from the 

sink node small.  

(4). The functions of sensor nodes are identical, and the transmitting power is adjustable. The wireless 
communication links between nodes are uniform and symmetrical.  

(5). Sink node has relatively strong computing and storage capacity; node energy is relatively 

unrestricted; sink node not only receives data from sensor nodes, but also can control nearby sensor 

nodes.  

According to the above wireless sensor network modeling for transmission lines, sensor nodes are 
regularly and orderly deployed in the L *W region (L > W), see Figure 1:  

 
Fig. 1 wireless sensor network topology for transmission lines 

2.2 Address Assignment Scheme 

Based on the literature introduced in the introduction, this paper proposes a LDAA dynamic address 
assignment protocol for long-chain WSN networks. According to the network model shown in Fig. 

1, the cluster heads of each cluster cell are selected by choosing the cluster heads according to the 

partitioning method of the network model in Fig. 1. On this basis, the MAC address space division 

multiplexing technology is applied to the cluster heads, and then the cluster heads are allocated to the 

cluster members. Address length plus one MAC address. Therefore, the MAC addresses of cell nodes 

consist of two MAC addresses of different lengths, short cell cluster head addresses and long cell 

cluster member addresses, and ensure that the cluster member nodes in a cluster cell communicate 

only with the cluster head nodes of the cell. In addition, the sink node is identified by 0, making it an 

MAC address. Taking into account the access and outgoing network of mobile nodes, the mobile 

nodes are allocated unequal length MAC addresses. See Figure 2: 

2.2.1 Community Segmentation and Cluster Head Election 

Because the sensor nodes of transmission line monitoring are long-chain deployed and orderly, so in 

the initialization of the protocol, the network is segmented by longitudinal segmentation. According 

to the principle of MAC address space reuse, assuming the communication radius of the sensor nodes 

is R and the transmitting power of the nodes is controlled, the MAC can be known. The reuse distance 

of the address is 3R, which ensures that the address of any sensor node is not duplicated within its 

two hop range. Therefore, the long-chain wireless sensor network is divided into 9/N cluster cells, 

each cell contains 9 sensor nodes. The MAC address of a clustered cell is different, and the MAC 

address of different clustered cell can be reused. see Figure 3: 
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Fig. 2 flow chart of MAC address assignment algorithm  

 
Fig. 3 Sketch map of clustered plot  

After the segmentation process, we can see that the MAC address of the adjacent cluster cell is 

reusable. However, it is not possible to assign the MAC address directly to the sensor nodes at this 

moment. After the cluster head node is selected successfully, the MAC address of the cluster head 
node must be assigned first, and then the cluster head node should assign the MAC address to the 

cluster member node. In this paper, when choosing cluster-head nodes, we consider that the functions 

and roles of sensor nodes in the network are the same, and the status is equal, but we should also 

consider the distance between the selected cluster-head nodes and sink nodes. Therefore, when 

choosing cluster-head nodes, the sensor nodes with relatively small initial labels in each cluster-cell 

become clusters. Header nodes, but it should be noted that the cluster head nodes selected by adjacent 
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cells must guarantee 2 hops out, so that the MAC addresses assigned to cluster head nodes are not 

duplicated.  

2.2.2 Cell Cluster Address Assignment 

Three basic principles should be satisfied to assign MAC addresses to cluster heads. Firstly, the length 

of MAC address is as short as possible, mainly because the cluster head node not only receives and 

processes the data transmitted by the cluster member nodes in the cell, but also transmits the data to 

the sink node through multiple ways, and the transmission of too long MAC address will consume 
more energy.Secondly, it is necessary to consider the access of mobile nodes. The MAC address 

assigned to mobile nodes is completed by the cluster head of the cell. The length of the MAC address 

is consistent with the length of the cluster head node, so it is necessary to ensure that there is enough 

address space to assign MAC addresses to mobile nodes.Thirdly, cluster head nodes should also 

satisfy the spatial reuse principle of MAC address. To sum up, this protocol can identify the MAC 

addresses of four nodes by assigning 2Bit address length to cluster head nodes. According to the 

spatial reusability of MAC addresses, three identities are selected to be allocated to the cluster head 

node and the remaining one is left to the mobile node. When the 2Bit address length allocated to the 

mobile node is insufficient, a mobile node is allocated from the remaining address space of the cluster 

member.  

2.2.3 Cell Node Address Assignment  

After the division of the clustering area, we can see that there is a cluster head node and eight cluster 

member nodes in the cell. Considering the scalability of the network, if the cluster members are 

assigned an address with a length of 3 Bit, all eight sensor nodes will occupy the address space and 

there will be no remaining addresses available. Therefore, it is necessary to increase the length of 

MAC address to increase the available address space.            This article assigns the unique identifier 

4Bit to the cluster member node, making it the node MAC address. However, another problem needs 

to be considered. In order to reduce MAC address conflicts, the protocol must ensure that the MAC 

addresses assigned to the cluster members are not equal to the MAC addresses of the cluster head 

node and the MAC address space reserved for the mobile node.  

3. Theoretical Analysis of Simulation Results 

The simulation experiment evaluates the LDAA protocol from the average length of address and 

communication energy consumption. The OMNET++ simulation platform based on MIXIM 

simulation framework is used to simulate the LDAA algorithm proposed in this paper.  

3.1 Average Address Length 

The average address length is an important index to evaluate the performance of the algorithm. The 

calculation method of the average address length of MAC address is: The average address length = 

the sum of the MAC address length of all nodes / the number of network nodes.  

Because the address assignment algorithm is divided into cluster head node address assignment and 
intra-cluster node address assignment, the sum of MAC address lengths of all nodes consists of two 

parts: the total length of cluster head node address and the total length of intra-cluster node address.  
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Fig. 4 Under the condition that the transmission line network has a certain coverage, the number of 

ordinary sensor nodes in the network can be changed appropriately to observe the change of the 

average address length of the nodes. It can be seen that with the increase of the number of nodes, the 
average address length of the four methods increases in different amplitudes. It can be seen from the 

graph that with the increase of the number of nodes in the network, the average address length 

required by LDAA algorithm remains unchanged, mainly because of the fixed topology of the long-
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chain wireless sensor network. With the increase of network size, LDAA algorithm still has good 

adaptability. See Figure 4: 

 
Fig. 4 Comparison of average address length  

3.2 Communication Energy 

The algorithm brings additional communication energy consumption and computing overhead to the 

network. Because the computing overhead is relatively small compared with the communication 

overhead, this section only considers the additional communication energy consumption brought by 

the algorithm.In LDAA algorithm, there are three message formats, which need to generate additional 
communication energy to transmit the three messages; the cluster head node generates Mcom 

message and cluster message when it is elected, and the node assigned address generates broadcast 

message Maddr. And the Mcom message length is 20bit, the Mcluster message is 6bit, and the Maddr 

message length is 12bit. It is assumed that the energy required for nodes to receive and send 1 bits of 

data is Er and Es respectively. And considering the message sent by a node will be received by all its 

neighbors, and no forwarding.  

In the cluster head election algorithm, each node receives on average a MCOM message and a 
Mcluster message broadcast by each node in its communication range, and sends a Mcom message 

itself. Considering that the average number of nodes in the communication range of each node in the 

network is the average connectivity of the network, the cluster head election algorithm is proposed. 

The average energy consumption of nodes in Ecluster is:  

sr EEE  ]6)1(20[cluster                                    (2) 

In the intra-cluster node address allocation algorithm, on average, each node broadcasts a Maddr 

message from its communication range and broadcasts a Maddr message itself. The average energy 
consumption Eaddr brought by the intra-cluster node address allocation algorithm is as follows:  

])1[(12addr sr EEE                   (3) 

4. Conclusion 

This paper proposes a cluster based dynamic address assignment algorithm. On the basis of energy-

saving, long-chain wireless sensor networks are clustered, and address allocation and intra-cluster 

address allocation are implemented in two steps by using address reuse technology. Thus, the average 

length of addresses and the energy consumption caused by the transmission of addresses in the 

communication process are effectively reduced.  
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