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Abstract: The Internet of Things is a new kind of network concept that people put 

forward based on the prototype of the Internet. It can realize the exchange of 

information between any items. In recent years, with the continuous advancement of 

the Internet of Things technology, the coverage of the Internet of Things has become 

more and more extensive, and the application has become more popular, which puts 

higher requirements on the performance of the Internet of Things gateway. This paper 

adopts a new method to optimize the selection algorithm of the gateway to the 

Internet of Things, which is to optimize multiple gateways connected to different 

subnets in the Internet of Things as a whole. This optimization method is more 

effective than most existing solutions. Well, it can improve the performance of the 

Internet of Things from a global perspective. By adopting an improved particle swarm 

search selection algorithm, taking into consideration the factors such as bandwidth, 

node residual energy, and node space distribution of the Internet of Things, a gateway 

that can meet the dynamic characteristics of the Internet of Things is selected. 

Keywords: Internet of Things, optimization of gateway, selection of gateway, Particle 

Swarm Optimization. 

 

1. Introduction 

According to different technical architectures, the Internet of Things [1] can be divided 

into: perception layer, network layer, and application layer sensing layer that contain a 

variety of sensors, RFID, cameras, and other devices. Its role is to conduct various 

monitoring of monitored areas or objects. Upload. The network layer mainly relies on 

the existing Internet of Things and Sigsbee network for data transmission. The 

application layer categorizes, collects, and analyzes the collected data. 

As the Internet of Things is a kind of network where information is transmitted in real 

time, huge amounts of data are transmitted. The Internet of Things gateway is 
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generally composed of embedded systems. Faced with the processing and forwarding 

of massive data in the Internet of Things, it is easy to cause congestion on the Iota 

gateway based on the embedded system, which results in the impact of the real-time 

nature of data transmission in the Internet of Things. Because the Iota gateway is 

located between the two major structural layers of the Internet of Things, it is the only 

channel for interacting data between the two structural layers of the Internet of Things. 

If the IoT gateway is not optimized and congestion occurs, the end-to-end latency of 

the Internet of Things will increase. The overall network throughput of the Internet of 

Things drops, and the packet delivery rate of the Internet of Things decreases. 

Therefore, the transmission performance of the networked gateway is related to the 

performance of the entire Internet of Things system. 

 

2. Algorithm Design 

To achieve a seamless connection between the perception layer [2] and the network 

layer, gateway is required as a bridge for protocol conversion (Fig.1). At present, the 

research of gateways in various countries is divided into static gateways and dynamic 

gateways. The static gateway is a fixed node in the perception layer of the Internet of 

Things to serve as a gateway to achieve the access problem of the perception layer 

node of the Internet of Things, and the dynamic gateway is a dynamic selection 

gateway according to the change of the topology structure of the sensing layer of the 

Internet of Things. Obviously, static gateways are not suitable for the free mobility of 

nodes in the network sensing layer. Therefore, the design of dynamic gateways can 

better realize the interconnection between the Internet of Things and the Internet of 

Things.  

 

Fig 1. The three-layer Iota architecture 

Some traditional optimization algorithms such as Newton's method [3], conjugate 

gradient method [4], pattern search method [5], and simplex algorithm [6] and so on 
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have provided important help for solving practical problems, but they also have their 

own limitations. These algorithms are computationally intensive, and when they are 

used to solve large-scale optimization problems, they often exhibit extremely low 

operating efficiencies. The bionic intelligence optimization algorithm that has emerged 

in recent years can solve this problem very well. Particle Swarm Optimization (PSO) [7] 

is a kind of bionic intelligent optimization algorithm because of its simple concept, low 

control parameters, fast convergence, and easy implementation. Since the day it was 

put forward, it has been widely used in swarm intelligence optimization. 

In the practical application process, the free particle seeking optimal solution in the 

particle swarm algorithm is like the node in the perception layer of the Internet of 

Things to find the optimal cluster head. First, each particle (random solution) in the 

particle group is initialized in a random manner. The position of each particle may be a 

potential solution. During each round of iterations, the particle will constantly adjust its 

own rate and direction of future search based on its own historical optimal position and 

global historical optimal position. After several rounds of iterative correction, the 

population will gradually approach the ideal position. Then find the optimal solution. 

The perception layer of the Internet of Things can use the particle swarm algorithm to 

find the optimal cluster head. 

Fig.2 shows the search process when particles exist in a two-dimensional space 

environment. Node I is the ideal position, which is the optimal solution to be searched 

for. The four nodes A, B, C, and Dare search particles. In the search process, each 

particle needs not only to remember its own historical best solution (p Best) but also to 

remember the group's historical best solution (g Best). The figure on the left shows the 

particle distribution after the particle swarm algorithm is initialized randomly. It can be 

seen from the figure that the particle C is closest to the ideal position I, so the particle 

C is the group optimal solution (g Best) at this time. The figure on the right shows the 

particle distribution after three iterations. It can be seen from the figure that D2 is the 

historical optimal position of particle D, which is the historical best solution (p Best) of 

particle D itself. 

Each node in the Internet of Things awareness layer has the opportunity to be elected 

as a cluster head, but the cluster head election is a constrained optimization problem. 

Only those nodes with superior performance in the current Internet of Things 

awareness environment can be elected as cluster heads. The cluster selection 

algorithm optimized for gateway selection proposed in this paper considers the impact 

of the following factors on the network environment: 
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Fig 2. Particle search in two-dimensional space 

The first is the bandwidth factor. Since cluster heads need to forward information 

between clusters and between clusters and the Internet of Things awareness layer and 

the Internet of Things, their traffic is much larger than ordinary nodes, and only 

high-bandwidth nodes can perform the functions of cluster heads. . Followed by the 

energy factor, because the cluster head needs to receive and send data frequently, its 

energy consumption is much larger than that of ordinary nodes. If a low-energy node 

is used as a cluster head, it will soon die due to energy exhaustion, making it impossible 

to effectively communicate between the sensor nodes of the Internet of Things, the 

perception layer of the Internet of Things, and the Internet of Things. The clustering 

algorithm should give high-energy nodes more opportunities to be selected as cluster 

heads. The third is the node distribution factor. The selected cluster heads should be 

evenly distributed in the network. They cannot be located at the edge of the network, 

nor can they be too concentrated. This is the requirement for distribution between 

clusters; the cluster head of a cluster should be distributed among the nodes of the 

cluster. The center, which is the requirement for distribution within the cluster. 

Reasonably distributed cluster heads can effectively balance network energy 

consumption and extend network lifetime. 

Assuming that there are N nodes in the network during initialization, the number of 

optimal clusters to be elected in each round is M. In the cluster selection algorithm 

proposed in this paper for gateway selection optimization, the elected M cluster heads 

are equivalent to a particle in the cluster selection algorithm optimized for gateway 

selection. According to this principle, a number of particles are found, and one particle 

is a Group head. The optimal particle is the solution to the problem we are looking for. 

The pros and cons of the particle are evaluated by the objective function (fitness 

function). 
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The determination of the objective function is the basic requirement of the particle 

swarm algorithm. According to the specific characteristics of the actual problem sought, 

the objective function that is close to the demand is selected to calculate the fitness 

value. The fitness value is the credential to evaluate the quality of the solution, and is 

also the only property parameter. This parameter can make the optimization process of 

the algorithm continue to move forward. Advance. The cluster-selection algorithm for 

gateway-based selection optimization proposed in this paper takes the four parameters 

of node bandwidth, residual energy, intra-cluster distribution, and inter-cluster 

distribution as independent variables of the objective function. 

Using the mathematical model to describe its four factors can get the following 

formula: 

Bandwidth factor: 

 

Energy factor: 

 

Cluster distribution factor: 

 

Intercluster distribution factor 

 

The cluster selection algorithm optimized for gateway selection selects the above four 

optimal cluster head impact factors as the independent variables of the objective 

function. The definition of the objective function is expressed as follows: 

 

In the formula, a, b, c, and dare normalization coefficients, and their values range from 

0 to 1, and the sum of the four is 1. They respectively indicate the effect of f1, f2, f3, 

and f4 on the objective function. Since f1, f2, f3, and f4 belong to different types of 

influence factors, their values are usually not an order of magnitude. Without 

correction, the value of the objective function cannot accurately determine the merits 

of a particle. Therefore, the experiment needs to be multiplied by the correction factors 

correct the degree of influence so that they are at one level. The values of a, b, c, and 



Volume 5 Issue 5 2018 

   81 

d need to be defined according to the specific network and specific requirements. From 

the above formula, when the node's bandwidth is higher, energy is more, and the 

location distribution is more reasonable, the larger the fitness value of the objective 

function is, the larger the fitness value is, the better the particles are. 

 

3. Simulation and Result 

NS is the abbreviation of Network Simulator, and NS2 is its second version. The 

predecessor of NS is "REAL Network Simulator" developed by UC Berkeley in 1989. 

Because it is free of charge, researchers around the world continue to modify and 

improve it, making it a good current simulation tool involving all aspects of the network. 

NS2 is an object-oriented network simulator, it is essentially a discrete event the 

simulator, because all simulations are driven by discrete events. The most important 

part of NS2 is a discrete event simulation engine. Discrete event simulation is a 

commonly used system simulation model. Events specify changes in the state of the 

system. Modifications to the system state occur only when the event occurs. 

The simulation process is designed by Particle Swarm Optimization as follows: 

 Step1: Initialize the particle group, including setting the size of the particle group, 

setting the maximum number of iterations, and the speed and position information of 

each particle in the random initialization particle group. 

Step2: Use the objective function to calculate the fitness value of each particle for the 

first time, then compare the fitness value of each particle, and set the position of the 

particle with the best fitness value as the global optimal position. The current position 

of each particle is the current optimal position. 

Step3: If the maximum number of iterations is not reached, the speed and position of 

the particles are updated, and then the fitness value of each particle is recalculated 

according to the objective function. By comparing the particle adaptation values, a new 

individual optimal position and a new global optimum are obtained. Position. 

Step4: After the maximum number of iterations is reached, the global optimal solution 

is output, that is, the K cluster heads selected for the current election are output. 

To reflect the convergence speed and the global optimal fitness value of the clustering 

and cluster-heading election algorithm proposed by this paper, the particle swarm 

optimization algorithm is used to select the optimal clustering and cluster-head election 

algorithm based on gateway selection. Three sets of experiments were done under 

weights. The inertia weight of the first group is 0.4, the inertia weight of the second 

group is 0.9, and the inertia weight of the third group is the monotonically decreasing 

inertia weight designed in this paper. In the first 200 rounds, a comparison was made 

between the reciprocal of the global optimal fitness value and the number of iteration 

rounds. The experimental results are shown in Fig.3. 
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Fig 3. Convergence rates under different inertia weights 

From Fig.3, we can see that when the inertia weight is 0.4, the clustering algorithm 

proposed in this paper is optimized after iterating 25 rounds, and it has good local 

search ability, but the global search ability is poor. The global fitness value found last 

is not ideal. When the inertia weight is 0.9, the clustering algorithm for gateway 

selection optimization proposed in this paper can search for new solutions at a faster 

speed, with better global search capabilities, but lacks local search capabilities. The 

monotonically decreasing inertia weight designed in this paper does not have a global 

expansion ability when the inertia weight is 0.9, and there is no convergence rate when 

the inertia weight is 0.4, but it balances the global search and the local search, also 

balances the rough selection. With the selection, the resulting global fitness value is 

better than the first two cases. 

 

4. Conclusion 

The gateway is the medium that connects the Internet of Things awareness layer with 

the Internet of Things. To realize the effective interconnection between the Iota 

awareness layer and the Internet of Things, this paper first analyzes and researches 

the related technologies of the Internet of Things awareness layer, the existing Iota 

sensing layer access method, and the existing gateway discovery methods. The 

clustering algorithm proposes a cluster-based and cluster-headed election algorithm 

that is optimized for gateway selection and uses the cluster heads in the perception 

layer of the Internet of Things as gateways to interconnect the Internet of Things 

awareness layer with the Internet of Things. The weight value obtained by this 

algorithm can well balance the global search with the local search, to obtain the optimal 

solution. 
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