
A Brief Survey on Applying the Machine 

Learning Theories in Wireless Networks 

 

BINCY BABY 

Research Scholar, Department of Computer Science, Sree Narayana Guru College, 

K.G.Chavadi P.O., Coimbatore - 641 105, Tamil Nadu, India. 

 

Mr.J.SANTHOSH, MSc., MCA., MPhil., ME., (Ph.D) 

Assistant Professor, Department of Computer Science, Sree Narayana Guru College, 

K.G.Chavadi P.O., Coimbatore - 641 105, Tamil Nadu, India. 

 

Abstract: The upcoming application and the tremendously high data rate applications are 

projected to be sustained by the future generation networks. This methodology needs wireless 

radio pattern. The assorted necessity of future generation networks can be fulfilled by the 

confronting issues that are supporting the radio in both decision making and intelligent adaptive 

learning. In order to assist the smart radio channels, artificial intelligence tools are used. The tool 

called machine learning is considered to be the important tool in solving the above issue. The 

commendable spectral bands are predicted to be independently accessed by new smart 5G 

terminals with the assistance of learning in complicated spectral efficiency and conjecture. The 

transmitting power can be controlled by service learning and interference learning quality and it 

is dependent upon energy efficiency learning and interference efficiency learning. Hence the 

elementary methods of machine learning methods are assessed and their methods are applied in 

the 5G networks that comprises of massive MIMOs, cognitive radios, femto/small cells, smart 

grid, heterogeneous networks, device to device communications, energy harvesting, and so on. 

The survey is formulating the problem and the various machine learning techniques are analyzed 

in the field of 5G networks. 
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1. Introduction 

The far-reaching and even non-traditional networking methods have attained the attention 

towards both educational and industrialized communities. The far-reaching applications are 

assisted with the aid of some emerging unparalleled data rate factors [5].  Distinctively, the 

future generation networks are anticipated to learn different features of both the user‟s 

impression and human attitude to independently examine the configuration of the optimal 

system.  

 This type of efficient mobile workstation is fully dependent upon decision making and 

complicated learning. The most prevailing artificial intelligence tools called machine learning 

represents a capable solution. As exposed in Fig. 1, the radio frequency and their environmental 

parameters are considered and the parameters are able to sense and observe the available 

spectrum independently with the help of previously determined observation and decisions by the 

learning algorithms. The transmission power can be controlled for the purpose of both energy 

conservation and transmission protocol regulation [9]. 

                                     

                                         Figure No: 1 Radio Learning Paradigm 
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Machine learning is the most important feature and it is used in social behavior analysis, 

image/audio processing, economics, finance, etc. Clearly, the specific task T is learnt by the 

machine with the intent of conserving the particular performance measure P, based on a specific 

knowledge K. Here, the system seeks to enhance the performance measure P reliably while 

implementing the task T, again by making use of its specific knowledge K. This type of learning 

method is called data mining which is always dependent on indicating the parameters T,P and K, 

it is also called as data mining, database recovery and self-directed discovery. 

The two types of machine learning algorithms exist and they are classified as supervised 

and unsupervised learning.  The term “supervised/ unsupervised” tells whether there do labeled 

samples exist in the database? The alternate technique has been emerged called as reinforcement 

learning and it was stimulated by the psychology behavior. The agent‟s definite form of 

return/efficacy is always more concerned and associated to its surroundings through its acuity 

and achievement [2]. 

The ancestors of machine learning techniques are classified depending on the similarity measures 

with respect to the formation, functionality, relenting regression techniques, instance-based 

techniques, standardization algorithms, decision tree based algorithms, clustering algorithms, and 

Bayesian algorithms, association rule based learning algorithms, deep learning algorithms, 

dimensionality reduction algorithms, artificial neural networks,  collection algorithms, and so on. 

In this survey, the general concepts of machine learning algorithms in 5G are introduced and the 

analogous applications are illustrated based on classification of reinforcement, supervised, and 

unsupervised learning. 

 

2. Related work 

Pagani and Rossi introduced the broadcasting feature for ad hoc networks which is equivalent to 

the address exploring technique given by Lauer. The algorithm is based on the cluster 

arrangement of the nodes [17]. The organized nodes are splitted into clusters by which one 

among them performs the role of cluster head (CH) in every cluster. In a cluster, the cluster head 

has the direct association to any of the nodes. The hop distance is given as 2 for the two nodes in 

the similar cluster. The broadcasting algorithm transmits the information from source to the 
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cluster head that gives rise to the erection of the virtual spanning tree by broadcasting the 

information to all of the nodes in the cluster head i.e. the two neighboring cluster heads that have 

the hop distance of two. The information is conveyed to each and every cluster heads and 

promotes to their neighboring cluster heads. The replicate copies of the information are not 

forwarded by the nodes. The broadcasting technique uses the concept of clustering.  

Lin and Gerla introduced the distributed clustering technique and it is originated by all 

other nodes whose node id is lower when compared to all their neighbors and the decisions are 

transmitted to generate the clusters to their neighbor nodes [18]. The broadcast will be known to 

other nodes by their neighbors and the node which has the lowest id is selected among the 

neighbor cluster heads. After transmitting the decision by the neighbors having lower ids then 

each node is responsible for transmitting the decision based on clustering. While executing the 

algorithm, the cluster can be examined by each cluster and only one message is conveyed. 

Ni et al investigated the broadcast storm problem [19]. The direct broadcasting by 

performing flooding is costly due to redundancy, contention and collision. Several broadcasting 

techniques are proposed to minimize the redundancies. This method also attains the high degree 

transmission rate for the minimum number of retransmissions. Qayyum et al discussed the multi 

relay point feature for handling the effectual flooding theory in wireless networks. This is 

applied in the case of ad hoc method [20]. The intention of this method is to reduce the relay 

point. Gerla et al have integrated the concept of clustering and broadcasting algorithm without 

the communication overhead fir handling the clusters by updating the information of the 

neighborhood.  

Peng and Lu introduced the neighbor elimination method to minimize the retransmission 

count. It is not necessary to retransmit the information when the neighbor nodes are covered by 

prior transmissions. Peng and Li proposed the concept of early neighbor rebroadcast by one 

transmission. This present survey focuses on machine learning method, their techniques and how 

the concept is applied in 5G networks. The remaining section is illustrated as follows: section 3 

describes the machine learning architecture, section 4 describes the conclusion and the future 

enhancement and section 5 gives the references. 
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3. Machine Learning Architecture 

The future generation systems are designed by the various machine learning algorithms and they 

faced difficulties like heterogeneous networks, large-scale MIMOs and device-to-device (D2D) 

networks developed by femto and small cells, etc. Figure no. 2 represents the entire family of 

machine learning methods and its probable applications in 5G. 

The above given families of machine learning algorithms are examined and investigated 

by analyzing the following techniques such as reinforcement learning, supervised learning and 

unsupervised learning [11]. Every unit is comprised of several sub units by describing the 

particular learning methods like regression algorithms, k-nearest neighbor (KNN) algorithm, 

support vector machines (SVM) and Bayesian learning; k-means clustering, principal and 

independent component analysis; and partially observed Markov decision processes, Q-learning, 

and the multi-armed bandit technique. 

 

 Figure No: 2 Families of Machine Learning Methods 

 

3.1 Supervised Learning in Wireless Networks 

Regression analysis is one of the supervised learning approaches and it depends on the statistics 

for evaluating the variable relationships [7]. The D-Dimensional vector variable „x‟ is the input 
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variable provided to forecast the continuous values evaluation targets. The intention of the 

regression model is to achieve the above criteria. The process of target estimation is the utility of 

the independent variables.  The regression model is said to be linear whereas in logistic modeling 

a common term sigmoid curve is assumed. The K – Nearest Neighbor and Support Vector 

Machines are employed for classifying the objects.  

The KNN method is used to classify the object into a particular category depending on 

the majority of the object selection by their neighbor‟s where the object is allocated to the class 

where the method is more familiar among the k-nearest neighbors [13]. The resultant is 

composed of the particular property of the object i.e. considering the average values of its k 

nearest neighbors. Other case is SVM, it is completely dependent upon non linear mapping 

method that translates the source training data into more dimensionality data and hence it 

become more discrete always looks for the separation of hyper plane by optimal linear method 

that helps to separate the classes based on the dimension rate. The procedure is related to the 

non-linear classification group depending on the kernel family group.  The non linear mapping 

can be associated to the high dimensions and the information from the two classes can be made 

discrete by the help of hyper plane [16].  

This type of model is utilized for evaluating or forecasting the radio features related to 

the particular users. Consider the system “massive MIMO” which consists of more antennas 

performing both channel estimation and identification that gives way to high-dimensional 

search-problems and it can be resolved by learning models mentioned earlier. To simplify the 

function of SVM to employ in the problems of data classification is performed by its hierarchical 

version called as H-SVM. Each hierarchical level comprised of a restricted number of SVM 

classifiers. This type of establishment was utilized for the evaluation of the Gaussian channel‟s 

noise level in the field of MIMO-aided wireless network that contains‟ transmitting antennas and 

„r‟ receiving antennas. The training data is abused and the evaluation of the noise channel 

statistical analysis is trained by H-SVM model.  

The heterogeneous types of networks are composed of different cells and the frequent 

handover may take place. Both the SVM and KNN classifiers are useful to determine the 

solution for optimal handover. The described models are employed for studying the particular 

usage of mobile terminals at the application layer and the pattern is used in both device contexts 
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and different spatial temporal devices. It is developed for the prophecy of the configuration that 

has to be utilized in the particular location interface. The group of contextual input cases is 

provided for the machine learning theory where the user context are developed and learned for 

the purpose of executing the input cases dynamically into a state of the system for energy saving, 

whilst retaining user satisfaction at the higher rate and the supervised machine learning 

algorithms [4].  

Few experiments were conducted by taking the five real user profiles that is comprised of 

user-locations and consumption of energy by making the information to be private. The above 

demonstration illustrates that 90 percent energy demand prediction is successful with the support 

of the KNN algorithms. 

3.1.1 Bayesian Learning: Massive MIMO Learning 

The posterior probability function can be computed by Bayesian learning method and the 

computing is based on the target variables with respect to the input and training instances [3]. 

Few models are developed with the help of Bayesian theories and they are not restricted to three 

methods like Gaussians mixture model (GM), hidden Markov models (HMM) and expectation 

maximization (EM). GM is a technique and every data point comes under the category of one or 

more clusters in the group by placing the data points in each cluster are said to be Gaussian 

distribution.  

EM is a method of generalization for estimating the maximum likelihood and it 

repeatedly identifies solutions or features that are most likely. It is characterized based on the 

two steps:  the “E” opts function that depicts the lower bound of the likelihood, and the “M” opts 

the features that increase the preferred function [1].  

HMM is a method developed for symbolizing the probability distributions of observing 

the sequence. This is the mixture based generalization model featured to hide the variables to 

organize the particular assortment of the constituent to be opted for each observation, are 

associated to each other by the process of Markov process. Table 1 tells the categories and the 

features of supervised machine learning algorithms. 

 

International Journal of Scientific Research and Review

Volume 7, Issue 9, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/688



Category Learning Techniques Key Characteristics Applications in 5G 

Supervised 

Learning 

Regression Models 

a) Relationships of the variables 

are       estimated. 

b) Linear and logistics 

regression 

Energy learning 

K-nearest neighbor 
a) Maximum selection is 

performed by the neighbors 

Energy learning 

Support vector 

machines 

a) Non linear mapping to high 

dimension  

b) Separate hyper plane 

classification 

MIMO channel 

learning 

Bayesian learning 

a) A posterior distribution 

calculation 

b) GM, EM and HMM 

a) Massive MIMO 

learning 

b) Cognitive spectrum 

learning 

                            Table No: 1 Categorization Supervised Learning Model 

The Bayesian learning model is summoned for the purpose of spectral characteristic 

learning type and evaluation in future generation networks. The problem of pilot contamination 

occurred in massive MIMO systems can be resolved and evaluated the channel features of the 

preferred connections in a target cell and the intrusive connections of the contiguous cells, where 

channel evaluation was performed with the help of sparse Bayesian learning methods. The 

channel component was designed by GM by observing the received signals called as the 

“weighted sum of Gaussian distributions” that have dissimilar variances, and then evaluated with 

the help of the EM algorithm [8]. 

A technique called “cooperative wideband spectrum sensing scheme” is developed based 

on the theory of EM algorithm and it was projected for the discovery of a primary user (PU) 

assisted by a multi-antenna characteristic combined with the cognitive radio network [14]. This 

repetitive method first generated the function of log-likelihood of both the indefinite spectrum 

tenancy and the channel information and the noise in the “E” mode. The log-likelihood function 
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is maximized for the intention of concluding the indefinite information in the “M” point and the 

same procedure is performed by mutually identifying the PU signal and evaluating the indefinite 

frequency response of the channel as well as the noise discrepancy that held in the numerous sub 

bands.  

Next feature HMM was developed a concept similar to markov process of the two states. 

The PUs may be available or non available but the available two-state phase denotes the 

availability and the non availability of PUs. Additionally, the parameters like sojourn time of the 

available channels, non active phase of the Pus and the signal strength of the PUs are calculated 

by the EM algorithm. Lastly, Bayesian learning was evolved and the model is equivalent to 

tomography of the Bayesian inference structure, was projected for visualizing and statistically 

categorizing the range of methods efficient for extracting the widespread features and the pattern 

of traffic/interference for service in cognitive radio networks at the data link layer and network 

layer. The features assembled contain both the path-delay and the percentage of booming packet 

receptions, whilst the evaluated features were the link‟s thriving transmission probability. The 

Bayesian evaluators were derivative for single/multiple transmissions in single/multiple path 

cases. 

3.2 Unsupervised Learning in 5G Networks 

K-means clustering always look for the partitioning of the data into k number of clusters. The 

observation always fit in the cluster which is very closer. The cluster‟s centroid is declared as the 

center of gravity, i.e. determining the mean value of the distant points within the cluster [12]. 

The clustering algorithm is performed in an repetitive phase, where the given object is allocated 

to the particular cluster and the centroid must be nearer to the object depending on the Euclidean 

distance called as „similarity measure‟, and then the in cluster dissimilarities are reduced by 

repeatedly revising the centroid of the cluster till the point of  „convergence‟ is attained. 

Unequivocally, the convergence is attained when the allocation remains stable, i.e., the clusters 

grouped and organized in the present round are similar to those grouped in the prior section.   

3.2.1 Principal and Independent Component Analysis (PCA/ICA) 

Principal component analysis (PCA) is used to convert the group of interrelated variables into a 

group of uncorrelated features, called as the principal components. Here the numerous amount of 
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principal components is quite lower or equivalent to the numerous amount of source variables. 

Generally, the major principal component analysis has the highest probable variance (i.e., 

accounting for as much of the inconsistency in the information as possible), and each subsequent 

section in turn has the maximum probable variance under the condition that it is unrelated to 

(i.e., uncorrelated with) the foregoing elements [6]. The principal components are unrelated, 

because they are said to be the eigenvectors of the covariance matrix and that is called as 

symmetric method. Likewise, independent component analysis (ICA) is technique envisaged to 

disclose concealed parameters that lie beneath the group of random variables, signals or 

measurements. In this procedure, the data variables are implicited to be linear combination of 

some indefinite covert variables, and the integrating system is also indefinite. The covert 

variables are understood to be non-Gaussian and equally independent and method is called as the 

independent components of the experimental data and this is established by ICA and the table 2 

summarizes the unsupervised learning algorithm. 

Category Learning Techniques Key Characteristics Application in 5G 

Unsupervised 

Learning 

K-means Clustering 
a) k partition clustering 

b) Repetitive updating 

Heterogeneous 

networks 

PCA 

a) Orthogonal 

transformation 

 

Smart grid 

ICA 
a) Reveal hidden 

independent factors 

Spectrum learning in 

cognitive radio 

                           Table No: 2 Unsupervised Learning in 5G Networks 

3.3 Reinforcement Learning in 5G Networks 

A mathematical structure id given by the Markov decision processes (MDPs) for performing 

decision making in particular situations and the resultant is random. At times, the process will be 

in some step and the decision maker can choose any type of actions in the existing state. 

Differently, a partially observable Markov decision process (POMDP) is said to be the 

generalized concept of a MDP and the agent is not able to straightforwardly notice the original 

state transitions and it has only fractional knowledge. The Q-Learning: Femto/Small Cells are 

used to identify the policy of optimal action for the Markov decision process when the system is 
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called indefinite [10]. The method is model-free reinforcement learning used in combination 

with MDP. In this case, the Q-learning model is composed of an agent, state and the actions. By 

implementing an action in a particular state the agent will assembles the recompense and the 

intention was to increase the recompense. The model called “Multi-Armed Bandits: Device-to-

Device Networks” are used to resolve the resource allocation troubles in the given budget where 

the user is not clear about the fundamental knowledge regarding the machines and there is a 

decisive tradeoff at every instance and hence it assembles lots of information about the expected 

suborn of the various machines and the summary of the reinforcement learning is listed in table 

3. 

Category 
Learning 

Techniques 
Key Characteristics Application in 5G 

Reinforcement 

Learning 

MDP/POMDP 

a) Bellman equation 

maximization 

b) Value iteration 

algorithm 

Energy harvesting 

Q-Learning 

a) Unknown system 

transition model 

b) Q-function 

maximization 

Femto and small cells 

Multi armed bandit 

a) Exploration vs 

exploitation 

b) Multi armed bandit 

game 

Device to device 

networks 

                          Table No: 3 Reinforcement Learning in 5G Networks 

4. Conclusion and Future Enhancements 

The architecture of supervised learning methods depends on identified procedures and labels that 

can sustain the assessment of indefinite parameters. They can be operated for “massive MIMO” 

channel assessment and data discovery, white space discovery, spectrum sensing and in cognitive 

radio, as well as for adaptive filtering in signal processing for 5G networks. It is also relevant in 

various higher-layer applications like gathering the location and the behavior of the mobile user 
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which can lend a hand for the network operators to enhance the service quality. Unsupervised 

learning is dependent on the input data and it can be employed for clustering of a cell in two-way 

ultra-dense small-cell networks, for access point correlation in omnipresent Wi-Fi networks, for 

assorted base station clustering in HetNets, and for load-balancing mechanism in HetNets. It is 

also suitable for fault discovery, intrusion detection, anomaly identification and classifying the 

behavior of the user.  

 Reinforcement learning method depends on vibrant repetitive learning and decision-

making procedure. It can be employed for surmising the decision making of the mobile users‟ in 

the indefinite network criteria, i.e. while accessing the channel under the presence of channel in 

sharing the spectrum, for allocating the resources distributed in mysterious quality of resources 

constraints in femto/small-cell networks, and also the correlation of base station in the category 

of indefinite status of the energy of the base stations in energy producing networks. 

 Likewise, the methods like neuro-fuzzy methods, neural networks and swarm intelligence 

algorithms like ant colony optimization and the evolutionary algorithms like competitive 

imperialist algorithm are the computational intelligence methods, and it is pertained to progress 

the 5G network‟s performance. In the above described methods, the deep learning algorithm and 

neural networks have become more specific and familiar. Usually, a neural network is comprised 

of a neurons and biased connections and the neurons can be observed as variables and the the 

given weights are observed as parameters. 

 The configuration of the network is done with the help of learning methods to guarantee 

that the application of a group of inputs generates the preferred group of outputs. 

Unambiguously, this can be attained by repeatedly amending the weights of the obtainable 

connection pairs among all neurons with the help of learning based technique on the labeled data 

and unlabelled data for both supervised learning and unsupervised learning. Neural networks are 

strongly employed for spectral white state assessment, handoff decisions and the forecast in 

cognitive radio networks. The machine learning algorithms are suitable only for few samples. 

Numerous algorithms are available for the future generation networks. In the same way, the 

optimization problems are resolved by the group of evolutionary algorithm by natural selection 

method which helps to resolve the resource allocation difficulties.  
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 The distinguishing feature of machine learning is: it is composed of two stages, the 

training and testing stage. The training stage enforces very high complexity when compared to 

testing stage. It is strongly suggested to execute the testing stage on shirt-pocket-sized mobile 

terminals because of the energy constraints and computational complexity conditions of mobile 

networks. This survey has given the overview of the advantages artificial intelligence based 

wireless networks outfitted with the type of machine learning. The family of machine learning 

algorithms is discussed in the perspective of future-generation networks that includes “massive 

MIMOs”, cognitive radios, the smart grid, heterogeneous networks, femto/small cells, etc. The 

categories of supervised, unsupervised, and reinforcement learning methods were discussed and 

the designing, methods and the probable upcoming applications in 5G networks.  
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