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Abstract 

In recent years, artificial intelligence technology has been widely used in the field of 
wireless communication to solve the bottleneck problems encountered by traditional 
wireless communication technologies in the face of new development trends such as the 
information explosion and the Internet of Everything. Intelligent communication is 
gradually becoming the mainstream direction. As an important branch of machine 
learning, deep learning has been widely used in physical layer communication in recent 
years and has achieved significant performance improvements. We first introduce 
decision tree algorithms and deep learning, two representative artificial intelligence 
technologies. Then, we elaborate on the application of these two technologies in the field 
of wireless communication, analyze and summarize their applicability and design in 
solving wireless communication problems. Methods, advantages and disadvantages, and 
finally, point out the future development trend and research direction of intelligent 
wireless communication technology around the existing limitations. 
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1. Introduction 

Human society is entering the era of information explosion. The popularity of various communication 

equipment terminals and flow-intensive applications has increased the demand for information and 

communication at an unprecedented rate. The emergence of a large number of new mobile application 

devices derived from the Internet of Things (IoT) puts more stringent requirements on the delay and 

reliability of information transmission. 

While the demand for wireless communication has soared, the development of wireless 

communication systems has encountered bottlenecks. For a long time, the design of wireless 

communication systems has followed a model-driven concept and constructed based on modular and 

hierarchical ideas [1]. Each technology used in it is derived through various optimization methods 

after artificially establishing a mathematical model. In other words, the traditional wireless 

communication technology guarantees the optimality of system design and operation by giving full 

play to human knowledge accumulation of wireless communication. The number of parameters that 

need to be optimized in the network is increasing exponentially, making the various optimization 

algorithms that traditional technologies rely on no longer applicable due to huge communication and 

computing overhead [2]. 

A lesson from the past and a lesson from the future, people will soon cast their sights on the rapid 

development of artificial intelligence technology in recent years, and artificial intelligence technology 

has brought new solutions to the difficulties encountered in wireless communication technology. 

Artificial intelligence technology can directly learn the required hidden laws from massive data and 

use these laws to make corresponding classifications and predictions [3]. At present, artificial 

intelligence technology has been widely used in the computer field. Among them, deep learning uses 

deep neural networks to establish the mapping relationship between source data and target data, gives 
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the source data and attaches the optimal label to each group of data, so as to predict and classify the 

corresponding target data based on the unknown source data. The application of learning in computer 

vision[4], natural language processing [5] and other fields has been very mature. Deep reinforcement 

learning is mainly applied in the field of robot control [6]. With the continuous application and 

innovation in the computer field, people have found that the data-driven characteristics of artificial 

intelligence can just solve the problems that rely on professional knowledge and optimization 

algorithms in the design of traditional wireless communication systems. In addition, the self-

adjustment and self-adaptation mechanism of artificial intelligence greatly reduces the enterprise's 

investment in labor, thereby achieving the goal of reducing operating costs. Therefore, artificial 

intelligence will undoubtedly bring new opportunities for the development of wireless 

communications. At present, many machine learning methods in artificial intelligence have been 

successfully used to solve certain problems in wireless communication, which has brought a profound 

impact on the development of wireless communication technology. 

2. Machine learning algorithm 

2.1 Deep Neural Network 

The advantages of deep learning over traditional machine learning are mainly reflected in the fact 

that as the scale of data gradually increases, the effect of deep learning will become better and better, 

while with the gradual increase of data scale, the effect of traditional machine learning will reach a 

maximum value. It will level off and not increase. As shown in Figure 1. 

 

 

Figure 1. Limitations of traditional artificial intelligence algorithms 

 

There are also three basic algorithms in the field of deep learning, namely: 

DNN: Deep neural network, DNN variants are often used in recommendation systems; 

CNN: Convolutional neural network, CNN variants are often used in image problems, such as CV 

applications; 

RNN: Recurrent neural network. RNN variants are often used for sequence problems, such as speech 

recognition; 

The original artificial neural network was inspired by the biological neural network. The smallest unit 

in the biological neural network is the neuron. When one end is stimulated, the signal is transmitted 

to the other end. The composition is input (chemical signal or electrical signal) to output Chemical 

signal or electrical signal) is a process; the network is to transmit the stimulus signal of one neuron 

to another neuron. That is, multiple neurons form a network structure. Considering each neuron as a 

small composite function, then the entire neural network can be regarded as a large composite 

function, is given by: 

𝑎 = 𝑓(𝑥1, 𝑥2, … , 𝑥𝑛)                             (1) 
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disassembled into linear transformation and non-linear transformation are as follows: 

Linear transformation 

𝑧 = 𝑥1𝑤1+𝑥2𝑤2 + ⋯ + 𝑥𝑛𝑤𝑛 + 𝑏                       (2) 

Non-linear transformation (Activation function) 

𝑎 = 𝑔(𝑧)                                      (3) 

The simplest neural network is a single neuron, as shown in Figure 2. 

 

 

Figure 2. Neuron model 

 

2.2 Decision tree 

Decision tree is a basic classification and regression algorithm. Here we mainly discuss classification 

decision tree. In the classification problem, it means the process of classifying instances based on 

features, which can be considered as a set of if-then, or as a conditional probability distribution 

defined in feature space and class space. Decision trees usually have three steps: feature selection, 

decision tree generation, and decision tree pruning. We explain the classification process of the 

decision tree, starting from the root node, test a certain feature of the instance, and assign the instance 

to its child nodes according to the test results. At this time, each child node corresponds to a value of 

the feature, so Recursively test the instances and assign them until they reach the leaf node, and finally 

classify the instances into the leaf node's class. Figure 3 is a schematic diagram of the decision tree. 

The red ellipses represent internal nodes, and the black boxes represent leaf nodes. 

 

 

Figure 3. Schematic diagram of decision tree 

 

Decision trees often adopt a top-down design method. Every iteration loop, a characteristic attribute 

is selected for bifurcation until it can no longer be bifurcated. Therefore, in the process of constructing 

a decision tree, the key is to choose the best bifurcation feature attribute (which can not only quickly 

classify, but also make the depth of the decision tree small). This "optimum" can be measured by 

non-purity. If there is only one classification result in a data set, the set is the purest, that is, the 
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consistency is good; if there are many classifications, it is impure, that is, the consistency is not good. 

There are many indicators that can quantitatively measure this impurity, the most commonly used are 

entropy, Gini index and classification error. Their calculation formula is given below: 

Entropy = 𝐸(𝐷) = − ∑ 𝑝𝑗
𝐽
𝑗=1 log2 𝑝𝑗                     (4) 

Gini Index = 𝐺𝑖𝑛𝑖(𝐷) = ∑ 𝑝𝑗
𝐽
𝑗=1 (1 − 𝑝𝑗) = ∑ 𝑝𝑗

𝐽
𝑗=1 − ∑ 𝑝𝑗

2𝐽
𝑗=1 = 1 − ∑ 𝑝𝑗

2𝐽
𝑗=1      (5) 

Classification Error = 1 − 𝑚𝑎𝑥{𝑝𝑗}                      (6) 

In all the above formulas, the larger the value, the more impure, and there is no significant difference 

between these three metrics. In the formula, 𝐷 represents the classification set of sample data, and 

the set has a total of 𝐽 categories, and 𝑝𝑗 represents the sample rate of the j-th category: 

𝑝𝑗 =
𝑁𝑗

𝑁
                                   (7) 

In the formula, 𝑁 and 𝑁𝑗 respectively represent the total number of sample data in set 𝐷 and the 

number of samples in the 𝑗-th category. Incorporating formula (7) into formula (5), we get: 

Gini(D) = 1 − ∑ (
𝑁𝑗

𝑁
)2𝐽

𝑗=1 = 1 −
∑ 𝑁𝑗

2𝐽
𝑗=1

𝑁2                      (8) 

3. Application in wireless communication 

3.1 Channel estimation 

Channel estimation algorithms are classified according to the type of input data, and can be divided 

into two categories: time domain and frequency domain. The frequency domain method is mainly 

aimed at multi-carrier systems; the time domain method is applicable to all single-carrier and multi-

carrier systems. From the perspective of the prior information of the channel estimation algorithm, it 

can be divided into three categories: reference signal-based estimation, blind estimation and semi-

blind estimation. The estimation algorithm based on reference signal determines the parameters to be 

estimated according to certain estimation criteria, or performs according to certain criteria. Gradually 

track and adjust the estimated value of the parameter to be estimated. Its characteristic is that it needs 

reference signal, namely pilot frequency or training sequence. The estimation based on the training 

sequence and the pilot sequence is collectively referred to as the estimation algorithm based on the 

reference signal. The channel estimation algorithm based on training sequence is suitable for burst 

transmission system. Blind estimation utilizes some inherent characteristics of the modulated signal 

and has nothing to do with the specific information bits, or a method of using decision feedback for 

channel estimation. Semi-blind estimation is a channel estimation method that combines the 

advantages of blind estimation and training sequence estimation. 

Inspired by the traditional minimum mean square error channel estimator, [7] proposed a method for 

estimating M-dimensional structured channels using techniques in the field of machine learning. 

According to the structure of the MMSE estimator, the DNN structure is designed, and a similar 

effective estimator is obtained. The simulation results show that in the 3GPP channel model where 

the covariance matrix is not the Toeplitz Matrix, this scheme can still obtain lower channel estimation 

errors than traditional channel estimation methods with lower computational complexity. The 

network uses a typical spatial channel model to perform numerical simulations to prove the generality 

of the selected structure to the actual channel model. [8] proposed a channel estimation method for 

massive MIMO systems based on deep learning. This method uses a specially designed deep neural 

network. The received signal is first denoised, and then the conventional least squares (LS) is 

performed. estimate. And this method does not require any training, and the parameters used by 

conventional deep neural networks are several orders of magnitude fewer. 

3.2 Channel prediction 

In the communication system, the perfect channel status information (CSI) is obtained, which has a 

vital role in the communication system. If the transmitted channel status information (CSI) becomes 
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possible due to fluctuations of the channel, the channel prediction becomes important, that is, the 

prediction of the channel status information (CSI) is required to improve the performance of the 

MIMO system. Channel prediction helps improve the performance of various operations performed 

at the transmitter or receiver, such as adaptive coding and modulation, decoding processing, channel 

equalization, and antenna beamforming. 

The theory of water sound communication technology has been mature, and there are still some 

problems in the specific implementation. Although the water acoustic communication technology has 

made great progress, it is necessary to achieve faster communication rate, higher communication 

quality. [9] The orthogonal frequency division multiplexing (OFDM) is provided with an effective 

solution for the water voice system. The author of [9] proposes two channel estimators based on deep 

neural networks, and proposes a new training strategy. During training, use the received pilot symbol 

and the correct channel punch response to the training data of the DNN model, and then predict the 

depth neural network model when working and estimated the impulse response of the channel. The 

final experimental results also show that the proposed method is better than the least squares (LS), 

the BPNN algorithm, and the MMSE algorithm is comparable to the MMSE algorithm. 

The theory of water sound communication technology has been mature, and there are still some 

problems in the specific implementation. Although the water sound communication technology has 

made great progress, it is necessary to achieve faster communication rate, higher communication 

quality, and more complete communication network, it also requires MIMO technology, coding 

technology, and spread spectrum technology to organically bind to machine learning.[9] The 

orthogonal frequency division multiplexing (OFDM) is provided with an effective solution for the 

water voice system. In order to overcome and deal with various channel distortion and interference, 

we must estimate the acquired channel status information. [9] The author proposes two channel 

estimators based on deep neural networks, and proposes a new training strategy. During training, use 

the received pilot symbol and the correct channel punch response to the training data of the DNN 

model, and then predict the depth neural network model when working and estimated the impulse 

response of the channel. The final experimental results also show that the proposed method is better 

than the least squares (LS), the BPNN algorithm, and the MMSE algorithm is comparable to the 

MMSE algorithm. 

3.3 Relay Selection 

[10] Try to solve the relay selection problem of two hop wireless communication with machine 

learning, from the perspective of data driver, divide the relay selection into a multi-category 

classification problem, propose a solution based on decision tree, eliminating Relays Select the 

dependence on maximum algorithm. 

 

 

Figure 4. Relay Selection Model Based on Decision Tree 
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Two-input systemization processing is performed for each relay, as a model input feature, and two 

optimal split criteria: information gain and Gini index are optimized. The experimental results show 

that in terms of the average end-to-end rate, the performance of the decision tree is comparable to the 

performance of the optimal selection, and the calculation complexity and feedback are reduced based 

on the decision tree. The model map is shown in Figure 4, which is a decoding forwarding network 

including a source node, a destination node, and 𝑁 relay, [𝑥𝑚
1 , 𝑥𝑚

2 , … , 𝑥𝑚
𝑘 , … , 𝑥𝑚

𝐾 ] represents the 

characteristic value extracted from the two hop links as the training data of the decision tree, the 

decision tree predicts the current state based on the training model to obtain the best relay 𝑦𝑚. 

4. Conclusion 

In machine learning, the training data acquisition and adaptive model of deep neural network is 

critical, and the training phase is offline offline before data transmission, and the optimal mapping is 

established by the association analysis of training data. Relationship, according to the well-trained 

model, we run online. Therefore, we can consider a small calculation from a huge amount of data 

source to analyze the corresponding optimal target data, such characteristics, make it very good at a 

low power-consuming device. Of course, this is very dependent on the accuracy and optimality of 

training data sets and the adaptability of the model, and we need to fully analyze the target data during 

the construction of deep neural network, and find the best variable. As the training data set, the larger 

the scale of training data set, the more complete data, the higher the quality of the depth neural 

network model. However, the transmission rate, wireless environment fluctuation, and noise of 

wireless communication links, and the data set obtained by the wireless communication system tends 

to be less data, and it is easily interference even partially missing. Therefore, it is necessary to promote 

it to wireless communication data. It should be the research direction of attention to the next step. 
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