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Abstract 

Aiming at the problem that it is difficult to realize the visualization and real-time 
information of the container Internet of Things in the current ocean transportation 
process, an improved LEACH non-uniform clustering algorithm is proposed to solve the 
uneven node energy consumption and the premature death of nodes in the cluster 
routing algorithm. And other issues, and fully consider the respective characteristics of 
general-purpose containers and refrigerated containers to make them more in line with 
the application requirements of the container Internet of Things, and realize the efficient 
transmission of ocean-going container transportation information. First, in the cluster 
establishment stage, a reasonable size cluster is constructed through the improved 
LEACH algorithm and the non-uniform competition radius. Second, in the inter-cluster 
routing stage, a multi-hop routing method between clusters that approximates the 
shortest path is designed. Third, in the rotation phase of the cluster head, in order to 
reduce the number of network reorganizations and reduce energy consumption, an 
intra-cluster rotation mechanism is adopted. The simulation results show that the 
improved algorithm is not only suitable for network environments of various scales, but 
also effectively balances the energy consumption of the container Internet of Things, 
better solves the problem of premature death of nodes, and prolongs the survival time 
of the network. 
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1. Introduction 

With the rapid growth of domestic and foreign trade, container transportation plays a vital role in 

global freight transportation with its advantages of speed, safety and low cost. In international trade, 

the transportation of containers is mainly realized by sea, but a sea transportation usually takes several 

months. Therefore, if uncomfortable humidity, temperature, smoke, vibration and other 

environmental factors occur during transportation, the goods will deteriorate. Or damaged. Therefore, 

the transportation safety issues of containers and their cargo, real-time visual tracking, and convenient 

information transmission have increasingly become the focus of research in this field[1]. 

Container Internet of Things is a communication network composed of many wireless communication 

nodes, which can monitor various information in a certain area, such as temperature, humidity, 

pressure, etc. The United States put forward the new concept of "smart container" logistics in 1990, 

and then began to try to use GPS technology to remotely monitor vehicles transporting dangerous 

goods to ensure the safety of transportation[2]. At present, the container Internet of Things usually 

relies on 2/3/4G and NB-IOT technologies to achieve networking in land transportation scenarios. 
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However, there is no signal in any mobile communication network during the shipping process, which 

makes it difficult for the existing container Internet of Things applications to play. Real-time 

monitoring function. Therefore, it is necessary to implement a regional ad hoc network on the ship, 

collect container information in a unified manner, and realize the connection of sea and land 

communication through the shipborne satellite network, so as to realize the global operation support 

of the container Internet of Things[3]. In 2017, the shipping container logistics company under the 

German third-party logistics company Hellmann Worldwide Logistics announced the application of 

satellite monitoring systems to container monitoring. The system applies the artificial satellite global 

monitoring system Secure System developed by the satellite technology development company 

Astrium under the European Aviation Defense and Space Company (EADS), including 

communication equipment and sensor detection equipment, which can be detected by installing on 

the inside of the container door The temperature and humidity in the box, the opening and closing 

status of the door, etc., the box is locked by the electronic code lock included in the system, which 

requires authorization to enter, and the opening and closing status of the door lock can be stored and 

queried, and the data is sent to the artificial Satellite, then forward to the monitoring center, if there 

is an abnormal situation, it will alarm[4]. 

At present, although the container Internet of Things has solved the information visualization and 

real-time problems of the maritime container Internet of Things, the excessive energy consumption 

and network paralysis of the container Internet of Things still pose hidden dangers to the safety of 

ocean transportation cargo. Therefore, the primary design goal of the container Internet of Things is 

to efficiently and evenly use the energy of sensor nodes to extend the network survival time[5]. 

Containers mainly include general-purpose containers and refrigerated containers. Refrigerated 

containers transport mostly fresh food, medicines, etc., which require real-time and uninterrupted 

monitoring of the temperature and humidity in the container, that is, the nodes on the refrigerated 

container are continuously rechargeable and can be automatically charged when the energy is lower 

than a certain value. The nodes on the general-purpose container are battery-type nodes with limited 

initial energy and a large number of containers on board, which can easily cause node death and 

network pralysis. 

The cluster routing algorithm can save energy consumption, avoid network paralysis and information 

loss. In a sensor network organized in clusters, the cluster head is responsible for the establishment 

of the cluster structure, collects the data of cluster members, and sends it to the sink node after fusion 

processing . Long-distance data transmission will easily cause the cluster heads far away from the 

sink node to consume too much energy. Existing studies have shown that multi-hop communication 

is beneficial to save energy consumption, but this will lead to uneven energy consumption. The cluster 

head of a node needs to forward a large amount of data from other clusters and is overburdened, and 

the energy consumption is too fast to die, which greatly shortens the survival time of the network. 

Researchers call this problem a "hot spot" problem[6]. 

For the energy consumption problem of the container Internet of Things, LEACH algorithm is the 

most classic solution algorithm[7]. The algorithm uses random cluster head selection and periodic 

cluster head rotation mechanism to divide the entire sensor network into several clusters of equal size. 

Each node generates a random number rand() between (0,1), compares 𝑟𝑎𝑛𝑑()with the threshold 

function 𝑇(𝑛), if the condition 𝑟𝑎𝑛𝑑() < 𝑇(𝑛) is met, the node becomes a cluster first. In the data 

transmission stage, the cluster head transmits the fused data to the sink node in a single-hop 

communication mode. 

𝑇(𝑛) = {

𝑝

1−𝑝(𝑟𝑚𝑜𝑑(1/𝑝))
, 𝑛 ∈ 𝐺

                 0,         𝑛 ∉ 𝐺
                                                          (1) 

Among them: 𝑝 represents the proportion of cluster head nodes in the network, 𝑝 = 0.1; 𝑟 is the 

current cycle round number; 𝑟𝑚𝑜𝑑(1/𝑝) is the number of nodes that have not been selected as 

cluster heads; 𝐺 is the set of nodes that are not selected as cluster heads after running 1/𝑝 round. 
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In recent years, researchers have proposed a variety of improved algorithms based on LEACH 

algorithm. The LEACH-C protocol proposed by Mahapatra RP et al.[8] uses the remaining energy of 

the node and the distance between the node and the base station to form a cluster with lower energy 

consumption, but does not consider the communication energy consumption between cluster heads. 

Then came LEACH-K and LEACH-R algorithms[9-11]. Compared with LEACH algorithm, the 

performance of the improved algorithm has been improved to a certain extent, but it still cannot 

effectively solve the "hot spot" problem in the network. C.F. Li et al.[12] proposed a multi-hop routing 

protocol for wireless sensor networks based on non-uniform clustering. Cluster heads are generated 

through local competition, and non-uniform competition ranges are used to construct clusters of 

unequal sizes, effectively balancing energy consumption of the cluster head. L. Wang[13] proposed 

corresponding improvement measures for the threshold setting and the calculation of the non-uniform 

cluster competition radius in the cluster head competition stage. In the stage of multi-hop routing 

between clusters, the network energy cost cost formula is used to better solve the "hot spot" 

problem.M. Li[14] proposed a non-uniform clustering scheme based on the remaining energy and 

location of cluster head nodes, constructing an objective function suitable for wireless sensor 

networks, and balancing network energy consumption. Y.L. Pan[15] proposed an energy-efficient 

wireless sensor network clustering routing algorithm, which improved from the three stages of cluster 

head selection, cluster head node clustering and data transmission, effectively prolonging the network 

lifetime. 

Compared with the existing research work, the improved algorithm proposed in this paper has the 

following innovations: (1) The non-uniform clustering algorithm is applied to the container IoT self-

organizing network process in the ocean transportation scenario, fully considering the general 

container (2) Different from LEACH algorithm, the algorithm in this paper is based on node residual 

energy factor, average residual energy factor of network surviving nodes and neighbor node 

distribution density factor, setting threshold 𝑇(𝑠𝑖), and improving cluster head election mechanism; 

(3) Design an energy-balanced routing algorithm for multi-hop data forwarding between cluster heads; 

(4) Adopt an intra-cluster rotation mechanism during cluster head rotation, taking into account the 

remaining energy of the new cluster head and the distance to the cluster center , Not only can reduce 

the frequency of cluster head replacement, save energy consumption, but also reduce the number of 

cluster head rebuilding. 

2. System model  

2.1 Network model 

This article is aimed at the container IoT application scenario in the ocean transportation scenario, 

assuming that N sensor nodes are randomly distributed in the network, and the basic network 

conditions are assumed as follows: 

1) The containers are stacked randomly with a fixed position relationship, and each node on the 

container has its unique identification number ID. 

2) Container types include general-purpose containers and refrigerated containers. Convergence 

nodes and refrigerated container nodes are rechargeable nodes. General-purpose container network 

nodes have limited energy and uneven energy levels. 

3) The initial energy of the refrigerated container node and the dry cargo container node when the 

energy is 100% is equal, both are 𝐸0. 

4) All container nodes have similar processing and communication capabilities, and can calculate the 

current remaining energy and position information. 

5) All sensor nodes can perceive the number of neighbor nodes within their standard communication 

range and their own remaining energy. 

6) The node is not configured with GPS, but in the network initialization phase, the node can calculate 

the distance between itself and the sink node based on the RSSI value. 
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7) The data collected between adjacent nodes in the cluster are independent of each other, and data 

fusion is not required. 

2.2 Energy Model  

Assuming that each packet has k bit data, the sender consumes:  

𝐸𝑇(𝑘, 𝑑) = {
𝑘𝐸𝑒𝑙𝑒𝑐 + 𝑘𝜀𝑓𝑠𝑑2, 𝑑 < 𝑑0

𝑘𝐸𝑒𝑙𝑒𝑐 + 𝑘𝜀𝑚𝑝𝑑4, 𝑑 ≥ 𝑑0

                                               (2) 

Energy consumed by the sensor node to receive 𝑘 𝑏𝑖𝑡 data is:
 

𝐸𝑅(𝑘) = 𝑘 ∙ 𝐸𝑒𝑙𝑒𝑐                                                                      (3) 

Note that 𝐸𝑒𝑙𝑒𝑐 is the energy consumption per unit 𝑏𝑖𝑡 data transmitted and received;𝜀𝑓𝑠 represents 

the data energy consumption per unit bit in free space mode; 𝜀𝑚𝑝  represents the data energy 

consumption per unit bit in multipath attenuation mode;𝑑is the distance of signal transmission; 𝑑0 =

√𝜀𝑓𝑠 𝜀𝑚𝑝⁄  is the critical value of dividing the spatial model. 

3. Routing Algorithm Based on Non-uniform Clustering  

In the ocean container IoT, in order to balance the energy costs of clusters with different distances 

from the convergence point, this paper mainly constructs clusters of non-uniform size through 

improved LEACH algorithm and competition radius. As the network scale is large, if the farther 

cluster head directly forwards data to the sink node, the energy cost of the cluster head will increase 

geometrically. In order to increase the network survival time, this paper designs a multi-hop 

transmission method between clusters. In the cluster head rotation, the cluster head rotation within 

the cluster is adopted. In order to ensure the rationality of the cluster head rotation, the optimal cluster 

head position is calculated and the cluster head rotation is performed based on the distance from the 

cluster center and the remaining energy of the node. 

3.1 Cluster Establishment  

At the beginning of the ocean transportation process, the service life of the container is different, and 

the service life of the corresponding sensor node is also different, so the energy reserve of each node 

is not uniform. In order to prolong the network survival time and ensure the connectivity of the 

network, in each round of cluster head selection, only nodes with sufficient remaining energy are 

eligible to participate in the cluster head election. Due to the existence of rechargeable reefer container 

nodes during transportation, the reefer node becoming the cluster head can balance the energy 

consumption of the network better than the general box node becoming the cluster head. The reefer 

node is preferred as the cluster head, which can avoid the general box node as the cluster head. And 

the energy consumption is too fast. Therefore, based on the traditional LEACH algorithm, the 

algorithm in this paper not only considers the remaining energy factor of the node, the average 

remaining energy factor of the network surviving nodes, and the neighbor node distribution density 

factor, but also considers the existence of the refrigerator node. When the node 𝑠𝑖 is a refrigerated 

container node, the weight 𝜇 = 1, otherwise it is 2. Therefore, the 𝑇(𝑠𝑖) value generated by the 

reefer node is larger, and the probability of the reefer node becoming the cluster head is much greater 

than that of the general-purpose box node. The improved cluster head selection formula is as follows: 

𝑇(𝑠𝑖) = {

𝑃𝑖

1 − 𝑃𝑖(𝑟𝑚𝑜𝑑(1 𝑃𝑖⁄ ))
(
𝐸𝑟𝑒𝑠(𝑠𝑖)

𝐸𝑟𝑒𝑠
̅̅ ̅̅ ̅ )𝜇𝜌𝑠𝑖

,  𝑠𝑖 ∈ 𝐺′

0,                                                                  𝑠𝑖 ∉ 𝐺′

                                  (4) 

Among them, 𝜌𝑠𝑖
 represents the distribution density of neighbor nodes of node 𝑠𝑖 ; 𝐸𝑟𝑒𝑠(𝑠𝑖) and 

�̄�𝑟𝑒𝑠 represent the current remaining energy level of node 𝑠𝑖  and the average remaining energy level 

of all nodes in the current round of the network, respectively; 𝐺′ represents the set of nodes that are 

not selected as cluster heads after running 1/𝑝 round. 
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In the process of cluster head election, it can be concluded from formula (7) that a certain node in the 

network is a refrigerated container node or its remaining energy and neighbor nodes in the zone have 

a higher distribution density. The larger the value of 𝑇(𝑠𝑖), the greater the The greater the chance of 

becoming a cluster leader. 

If there is a refrigerated box cluster head node among the candidate cluster head nodes selected by 

𝑇(𝑠𝑖), this type of node can directly become the optimal cluster head node without the need to 

calculate the competition radius to avoid unnecessary energy consumption. Although other candidate 

cluster head nodes fully consider the remaining energy of the node and the density of neighbor nodes, 

it is unavoidable that two nodes that are closer together become cluster heads at the same time. 

Therefore, this paper sets up the competitive radius formula of candidate cluster heads to select the 

optimal cluster head. The calculation formula for the competition radius of the general box node is as 

follows: 

𝑅𝑐 = [1 − 𝑐
𝑑𝑚𝑎𝑥 − 𝑑(𝑠𝑖, 𝐵𝑆)

𝑑𝑚𝑎𝑥 − 𝑑𝑚𝑖𝑛
] 𝑅0                                                    (5) 

Since the cluster head close to the sink node not only receives the data in the cluster but also 

undertakes the data forwarding work, the energy consumption of this type of cluster head should be 

minimized, so the cluster head close to the sink node should have fewer member nodes, and the 

competition radius should be relatively small. Small, so that the cluster head can reserve part of the 

energy for communication between cluster heads. That is, as the distance between the candidate 

cluster head and the sink node increases, its competition radius also increases. 

Remember that the maximum value of the competition radius of the candidate cluster head is 𝑅0, and 

c takes a value between (0,1) to control the value range of the competition radius, so that the 

competition radius of the node closest to the sink node is (1 − 𝑐)𝑅0. The candidate cluster head node 

calculates its own competition radius according to the above formula, and checks whether there are 

other cluster heads within its competition radius. If not, it becomes the optimal cluster head; if so, it 

checks whether it is a refrigerated container node. The refrigerated container node gives up becoming 

the cluster head. 

After the cluster head election, the cluster head node broadcasts the message CluHead_MSG that it 

becomes the cluster head to the entire network. The ordinary node decides which cluster to join 

according to the received signal strength, and sends the join signal JOIN_CLU_MSG to the 

corresponding cluster head. After the container Internet of Things networking is completed, the 

cluster head allocates a time slot for sending information to each member node in the cluster. When 

sending messages, the member nodes in the cluster send their collected information to the cluster 

head according to their own message transmission time slot node. 

 

Figure 1. Distribution map of each node 

 

3.2 The Inter-cluster Communication Phase 

In the entire container Internet of Things, when the cluster head transmits data to the sink node in 

multi-hop communication, the cluster head close to the sink node is overloaded due to the large 
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amount of data being forwarded, and may run out of energy prematurely and fail. Cause the network 

to be paralyzed. Therefore, nodes that adopt multi-hop transmission need to select a suitable relay 

node for data forwarding. This paper considers the remaining energy of the relay node, the distance 

from the cluster head 𝑠𝑖 to the relay node 𝑠𝑗, and the distance from the relay node 𝑠𝑗 to the sink node. 

And the clustering radius of the relay node. Suppose the coordinate position of the sink node is (0, 0), 

the coordinate position of the cluster head node 𝑠𝑖 is (𝑎𝑖 , 𝑏𝑖), and the coordinate position of the next 

hop relay node 𝑠𝑗 is (𝑎𝑗, 𝑏𝑗), as shown in the figure blow. 

From the coordinate position in the above figure, 𝑑(𝑠𝑖, 𝐵𝑆), 𝑑(𝑠𝑖 , 𝑠𝑗), 𝑑(𝑠𝑗, 𝐵𝑆) can be calculated. 

From the law of cosines: 

𝑐𝑜𝑠 𝛾 =
𝑑(𝑠𝑗, 𝑙)

√𝑎𝑗
2 + 𝑏𝑗

2

=
𝑑2(𝑠𝑖 , 𝐵𝑆) + 𝑑2(𝑠𝑗, 𝐵𝑆) − 𝑑2(𝑠𝑖 , 𝑠𝑗)

2𝑑(𝑠𝑖 , 𝐵𝑆) ⋅ 𝑑(𝑠𝑗 , 𝐵𝑆)
=

𝑎𝑖𝑎𝑗 + 𝑏𝑖𝑏𝑗

√𝑎𝑖
2 + 𝑏𝑖

2 ⋅ √𝑎𝑗
2 + 𝑏𝑗

2

             (6) 

Therefore, 𝑑(𝑠𝑗, 𝑙) =
𝑎𝑖𝑎𝑗+𝑏𝑖𝑏𝑗

√𝑎𝑖
2+𝑏𝑖

2
 

The cluster head node calculates the weight 𝜔 by considering the above factors, and the weight 

calculation formula is as follows: 

𝜔 = 𝛼 ∙ 𝑑(𝑠𝑗, 𝑙) + 𝛽
�̄�𝑟𝑒𝑠

𝐸𝑟𝑒𝑠(𝑠𝑗)
+ 𝛾

𝑅(𝑠𝑖)

�̄�𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑟−𝑠𝑗

                                          (7)

 

 

Among them: 𝛼, 𝛽, 𝛾 are weighting coefficients, 𝛼 + 𝛽 + 𝛾 = 1; 𝐸𝑟𝑒𝑠
̅̅ ̅̅ ̅̅ is the average value of the 

remaining energy of all cluster heads; 𝐸𝑟𝑒𝑠(𝑠𝑗) represents the remaining energy of the next hop node; 

𝑅(𝑠𝑖) represents the clustering radius of node 𝑠𝑖 ; 𝑅𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑟−𝑠𝑗
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ represents the average clustering 

radius of the neighbor cluster head nodes of node 𝑠𝑗. 

Therefore, the shorter the distance between the relay node 𝑠𝑗 and the straight line l, that is, the shorter 

the data forwarding path of the cluster head node 𝑠𝑖, the more the remaining energy of the node 𝑠𝑗, 

the smaller the clustering radius, and the smaller the value of the weight 𝜔. Therefore, in order to 

select the optimal relay node, the node with the smallest weight ω should be selected as the next hop 

relay node. Therefore, the shorter the communication path between cluster heads, the smaller the 

energy consumption, the more beneficial it is to increase the survival time of cluster head nodes and 

banlance the energy consumption of the network. 

3.3 Cluster Head Rotation Mechanism 

In order to avoid the huge energy consumption caused by frequent rebuilding of clusters by the nodes 

of the whole network, this paper chooses the cluster head rotation mechanism in the cluster during 

the cluster head rotation process. Since there are refrigerated containers in the container Internet of 

Things, when selecting a new cluster head, it is necessary to first check whether there are refrigerated 

container nodes in the cluster. If it exists, judge whether it is eligible to be the cluster head according 

to 𝑇(𝑠𝑖). If 𝑟𝑎𝑛𝑑() < 𝑇(𝑠𝑖), the refrigerated container node can directly become the new optimal 

cluster head; otherwise, the energy threshold 𝐸𝑡ℎ  and 𝑑(𝑠𝑗, 𝑠𝑖) are used to select the new cluster 

head. 

If there is no refrigerated container in the container IoT, set the node energy threshold 𝐸𝑡ℎ. Once the 

energy of the cluster head node is less than this threshold, the cluster head will be discarded, and a 

new cluster head will be reselected in the cluster in order to make the new cluster head as close to the 

original as possible The condition of the optimal cluster head, so the remaining energy of the node 

and the distribution of the node in the cluster should be weighed. 

First, the remaining energy of the nodes in the cluster is compared with the threshold one by one, and 

the nodes larger than the threshold are put into the set of candidate cluster head nodes. 

𝐸𝑡ℎ = 0.5 × 𝐸𝑟𝑒𝑠
̅̅ ̅̅ ̅                                                                     (8) 
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Given that the coordinates of the center node of the cluster are (𝑎𝑖 , 𝑏𝑖), set the coordinates of the 

candidate cluster heads as (𝑥𝑗, 𝑦𝑗), calculate the distance from each candidate cluster head in the set 

to the center of the cluster. 

𝑑(𝑠𝑗 , 𝑠𝑖) = √(𝑥𝑗 − 𝑎𝑖)
2

+ (𝑦𝑗 − 𝑏𝑖)
2

                                                             (9) 

According to the calculation results, the node with the shortest distance in the set is selected as the 

optimal cluster head node for the next round. This cycle is repeated until the energy of the nodes in 

the cluster is less than the threshold, and then the container Internet of Things networking process is 

restarted. 

4. Experimental Results and Analysis 

4.1 Parameter Settings 

In order to fully verify the performance of this algorithm, the simulation experiment uses matlab to 

simulate the network survival time and energy balance. Based on the actual stacking of containers 

and the external dimensions of ordinary containers(2.35,2.35,12.08), matlab is used to generate a 

distribution of 100 nodes, evenly distributed in the three-dimensional spatial areas (𝑥 = 0, 𝑦 =
0, 𝑧 = 0)and(𝑥 = 130, 𝑦 = 15, 𝑧 = 15). Once all nodes are arranged, their positions will not change. 

In this experiment, 10 nodes with infinite energy and 90 ordinary nodes with an initial energy of 0.5J 

are used. When the remaining energy is 0, the node is regarded as dead.The specific simulation 

parameters are set as shown in Table 1.  

 

Table 1. Experimental parameters 

Parameters Value 

Network Coverage Area (0,0,0, )~(130,15,15) 

BS’s Location (135,7.5,7.5) 

The Number of Sensor Nodes 100 

The Initial Energy of Sensor Nodes 0.5J 

𝐸𝑒𝑙𝑒𝑐 50𝑛𝐽/𝑏𝑖𝑡 
𝜀𝑓𝑠  10𝑝𝐽/(𝑏𝑖𝑡 ∙ 𝑚2) 

𝜀𝑎𝑚𝑝  0.0013𝑝𝐽/(𝑏𝑖𝑡 ∙ 𝑚4) 

The Frequency of Data Communication 1time/hour 

Proportion of Charging Nodes 0.1 

Cluster Head Ratio 0.1 

 

4.2 Analysis of simulation results 

In the experiment, suppose 𝑅0 = 40𝑚, and the value of c is between (0,1), and observe how the time 

of the death of the first node in the network changes with c. The result is shown in the figure below. 

As c increases from 0 to 0.5, the death time of the first node in the network continues to be delayed, 

and when c is greater than 0.5, the death time of the first node gradually advances. Therefore, when 

c=0.5, the optimal competition radius is obtained so that the number of rounds of death of the first 

node is the longest. Therefore, the following experiments are all carried out when c=0.5. 

It can be seen from Figure 3 that the improved LEACH algorithm can greatly increase the probability 

of the refrigerated container being elected as the cluster head by changing the cluster head election 

method, thereby reducing the energy consumption of other ordinary nodes, and the refrigerated 

container node shares most of the consumption. Energy, reducing the possibility of node death due to 

insufficient energy, so in the entire network life cycle, the number of node deaths in the improved 

LEACH algorithm is significantly less than that of the LEACH algorithm. The improved LEACH 

algorithm has the first dead node's turn significantly later than the LEACH algorithm. This is mainly 

due to the increased utilization of the entire container network node, which extends the effective life 

cycle of the network.  
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Figure 2. The trend of network survival time with c 

 

 

Figure 3. Comparison of network node survival trends 

 

It can be seen from Figure 4 that, because the improved LEACH algorithm no longer conducts cluster 

head elections every round, it greatly reduces the energy consumption of the network, making the 

energy consumption of the improved LEACH algorithm less than that of the traditional LEACH 

algorithm during the entire network life cycle. 

 

 

Figure 4. Comparison of network energy consumption trends 
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In order to study the applicability of the improved LEACH algorithm proposed in this paper in large 

and medium-sized networks, the total number of nodes in the network is set to 300, 400 and 500 

respectively under the condition that other experimental parameters remain unchanged. It can be seen 

from Figure 5 that through the comparison of the three algorithms under different network node 

numbers, it is obvious that the improved LEACH algorithm has a longer network life cycle than other 

traditional algorithms. As the total number of nodes increases, the improved LEACH algorithm The 

algorithm network life cycle is shortened by fewer rounds, which shows that the algorithm proposed 

in this paper has better applicability in large and medium-sized network environment. 

 

 

Figure 5. Comparison of the network life cycle and the total number of network nodes 

 

5. Conclusion 

In order to improve the current data transmission problems of the container IoT monitoring system in 

the ocean transportation process, this paper improves and optimizes the three stages of cluster 

establishment, inter-cluster routing and cluster head rotation. The experimental results show that with 

the increase of network operation rounds, the improved algorithm effectively balances the energy 

consumption of the network, better solves the "hot spot" problem, and realizes the efficient 

transmission and real-time monitoring of ocean shipping container information. In order to verify the 

practicability of the algorithm in this paper, experiments were carried out under three different 

network scale conditions. The results show that the improved algorithm is not only suitable for 

various scales of network environments, that is, suitable for various scales of container transportation 

Compared with other algorithms, it can extend the network life cycle and ensure the safety and quality 

of goods. 
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