
Journal of Autonomous Intelligence (2023) Volume 6 Issue 3 

doi: 10.32629/jai.v6i3.1244 

1 

Original Research Article 

Introduction of machine learning with applications to communication 

system 
Jambi Ratnaraja Kumar1,*, Santoshkumar Chobe2, Swati Nikam2, Shrinivas Zanwar3, Madhuri Borawake4, 

Deepali Hirolikar5 

1 Department of Computer Engineering, Genba Sopanrao Moze College of Engineering, Pune 411045, India 
2 Department of Computer Engineering, Pimpri Chinchawad College of Engineering and Research (PCCOER), Pune 

412101, India 
3 Department of Artificial Intelligence & Data science, CSMSS, Chh. Shahu College of Engineering, Aurangabad 

431136, India 
4 Department of Computer Engineering, PDE’S College of Engineering Manjari (bk), Pune 412307, India 

5 Department of Information Technology, PDEA’S College of Engineering Manjari (bk), Pune 412307, India 

* Corresponding author: Jambi Ratnaraja Kumar, ratnaraj.jambi@gmail.com 

ABSTRACT 

This research paper presents a brief introduction to the key point of Machine Learning (ML) with the application to 

communication systems. Due to the exceptional accessibility of software and data abilities, there is a great deal of 

interest in using digital information machine learning thinking to solve issues in a variety of fields. Regarding the 

phenomenal amount of information and computer facilities, there is a lot more interest in using content-supervised 

learning methods to resolve obstacles where engineering course techniques are restricted by theoretical or 

methodological problems. This study starts by clarifying when and why comparable strategies may well be effective. It 

then goes into the fundamentals of supervised and unsupervised at a high level. Where traditional engineering solutions 

are being developed Modelling or algorithmic flaws are posing a problem. This paper begins by answering the why and 

when of these questions. Such methods can be beneficial to resolve real-time problems. It then goes into the 

fundamentals of classification and regression problems at a world-class level. Exemplifying software to 

communications infrastructure is presented both for the structured and unstructured interviews by identifying roles 

performed first at the network’s perimeter and cloud bits at multiple levels of the internet protocol suite, with a 

concentration on the application layer. The core contributions of this research study are as follows: (a) this research 

study explores the machine learning applications in communication system and networks optimization; (b) it offers an 

analysis of contributions of machine learning-based anomaly detection approaches to mitigate the security threat and 

maintains the integrity of entire communication network; (c) additionally, this research study provides further directions 

for research, future trends as well as challenges including the requirement for intelligent methods for network 

optimization, signal processing, etc. 

Keywords: communication networks; communication systems; machine learning; supervised learning; unsupervised 

learning 

1. Introduction 

During the Artificial Intelligence (AI) winter of the late 1980s and early 1990s, awareness that the use 

of data-driven AI-based technologies in a variety of engineering fields, like as voice recognition analysis and 

communication systems has increased gradually. Unlike initial studies on AI, which were concentrated on 

logic-based intelligent systems, the newfound faith in data-driven methodologies is fueled by the success of 

design recognition apparatuses based on machine learning. These technologies consist of a variety of recent 

computational innovations, such as unique regularization strategies and evolutionary optimization schedules,  
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with years of algorithms like the learning algorithms, the Expectation-

Maximization (EM)[1] algo, and Quality-learning. The remarkable 

analysis of the information and computational resources is important to 

the success of many design and technology professions. Whereas the 

current wave of promise and successes in deep learning may fall small, 

at least for some time being, of the necessities that inspired primary 

artificial intelligence (AI) research, learning algorithms have 

demonstrated effectiveness in a variety of crucial applications and 

more are probably in that same way. This paper illustrates the 

importance of machine learning’s important principles and the research 

on machine learning for communication networks. This presentation 

focuses on the conditions under which machine learning is justified in 

technical challenges, including the unique groups of machine learning 

that are focused on solving them. The description is focused on an 

introduction of specific technical fundamentals and an overview of 

applications to communications systems[2]. 

1.1. Machine learning 

This is advantageous to integrate the Machine-Learning [3] policy 

as somewhat of a substitute manufacturing step to create something 

like the development of an analytical method to solve the principles. 

The authentic advanced engineering process starts with the collection 

of domain knowledge, as shown in Figure 1a[4]. 

The topic of concern is investigated properly, inevitably resulting 

in a mathematical formula that accurately simulates the phenomenon 

of the setup under consideration. Under that same premise that only the 

provided particle model is a genuine representation of the actual, an 

optimum program is constructed based on the theoretical framework 

that gives security guarantees. 

For example, to use the computer engineering and technique, 

developing an algorithm-based technique for a wireless multipath 

channel would necessarily involve the formulation or adoption of a 

working prototype for the network interconnecting sender and receiver. 

The solutions would be gained by solving an optimal control issue, and 

this would verify the global optimal solution for the transmission 

channel in a statement. 

On the contrary, the machine learning approach, and in the most 

basic model, replaces the stage of accumulating specialist knowledge 

with the simple process of accumulating a big appropriate list of 

examples of positive performance for the technique of attention. The 

system was trained for these examples. These examples in the training 

phase are provided to a machine learning approach to form a 

programmed device that handles the assigned task, as can be seen in 

Figure 1b[5]. The assignment of a catalog of candidate systems; 

sometimes renowned as the premise set, through which the learning 
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algorithm performs a variety during mentoring, makes the learning process feasible. Artificial neural 

architecture[6] with memorization neurons in the hidden layers is an implementation of a methodology class. 

A large part of learning methods is dependent on the improvement of performance indicators that take into 

account just how much the recognized equipment fits the following orders.

 
Figure 1. (a) expectable machine-learning structure flow; (b) initial machine-learning methodology. 

During the designing part for decoding the channel, in this time machine learning can work in the lack 

of an unshakable channel model. In reality, a desired output of the input of the machine and decoder machine 

can be trained for any category. It is the main fact enough to have a huge amount of the sample of capture 

signs the input and use it as a decoding function. 

Machine learning techniques for communication systems[7] could use available keywords in the process 

of learning, passing beyond just the indispensable preparation presented here. This would be, without the 

need for a dispute, the fundamental to deep learning technologies performance in a wide range of 

applications. One good illustration is image classification, where the use of deep neural networks technique 

as the theory group to be taught involves knowledge of the translating mathematical formalism of surface 

features. Nevertheless, the integration of conventional ML protocols in hybrid frameworks for network threat 

analysis and optimization becomes crucial in a dynamic environment where multiple topologies are required. 

Thereby, to eliminate these network threats, hybrid approaches may be a paramount solution for optimal 

generalization and enhanced interpretability. 

Technical expertise can influence the identification of that certain assumption class to be used in the 

instructional process in the first place, as can be seen in Figure 2[4]. Eventually, inside the article, 

demonstrations of the functionalities of such a principle in communication devices, including that of the 

problems of decryption, will be examined. 

 
Figure 2. Machine-learning terminology that assimilates domain knowledge during model selection. 
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1.2. Use of machine learning 

When innovation cost and effort are the primary concerns, and when the problem exists to be far too 

difficult to examine in its entirety, machine learning can also be a budget replacement for the traditional 

development cycle. On the other hand, the method of analysis has had the significant downsides of providing 

relatively weak performance, restricting solution generalization ability, while only being adaptable to a 

severely restricted variety of issues. 

The following criteria show the order to recognize the tasks that make machine learning more useful: 

• In this job there is a function which work is measures distinct inputs and distinct outputs. 

• A huge amount of data set is available else also be created to hold the couples of input and output. 

• This task offers to strong response through obviously definable objectives and metrics. 

• this other task doesn’t include long fetters of logic or intellectual turn on various deep knowledge and 

collective logic. 

• In this task; it doesn’t need a complete description of how to make a decision. 

• The assignment can bear mistakes and no requirement for provably right or ideal arrangements. 

• No specific expertise, actual abilities, or portability is required. 

These standards are valuable rules for the choice of whether machine learning strategies are reasonable 

for a given errand of interest. They likewise offer an advantageous division line between AI as is planned 

today, with its emphasis on preparing computational insights instruments, and more broad ideas of AI in 

light of information furthermore, sound judgment. The task has unattached demand checks or in the case of 

Associate in Nursing algorithmic rule shortage, the specified presentation agreements are often provided via 

numerical reproductions. Through the normal engineering method, notional presentation securities are often 

found that are supported by a physics-based measured structure. These assurances are often sure of upon to 

that degree because the model is trusty to be Associate in nursing correct illustration of genuineness. If a 

machine-learning attitude is cast-off to deal with an associate in nursing algorithmic rule scarcity and a 

physics-based structure is offered, then numerical results could also be sufficient to work out reasonable 

enactment procedures. In distinction, weaker guarantees are often accessible by machine learning in the 

absence of a physics-based structure. In this situation, one will offer presentation bounds solely beneath the 

conventions that the supposition category is appropriate overall to embrace apparatuses that may achieve 

well on the delinquent which information the info the information is demonstrative of the particular data 

circulation to stumble upon at runtime. The collection of a biased hypothesis category or utilization of an 

Associate in Nursing misleading information set might thence vintage powerfully suboptimal routine. 

1.3. Machine learning for communication network 

In mandate to instance uses of supervised-learning and unsupervised-learning knowledge, the researcher 

will tender interpreted indicators to the fiction on ML for communication[8]. Rather than trying for an entire, 

and archeologically inclined, assessment, the operations and references have been named with the thing of 

demonstrating crucial pieces concerning the use of device literacy in engineering difficulties. Through this, 

we concentrate on responsibilities packed out at the network hand, rather than at the druggies, and establish 

the operations beside two axes. Nevertheless, the conventional ML-based models used in communication 

network optimization offer less accuracy, interpretability, computational complexity, integration challenges, 

secrecy concerns, and many more. ML-based models have intricacy in generalizing adequately to novel as 

well as unexplored datasets because they are frequently trained on particular sets of data. The effectiveness 

as well as dependability of ML-based solutions may be constrained in communication network infrastructure 

owing to the wide variation in operational circumstances. Figure 3[4] shows the initial basic general cellular-

wireless-network architecture that makes distinct authority divisions with base stations, associated 

computing resources, access points, and comprising of the initial system and linked cloud-computing stages. 
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This distinguishes responsibilities that are accepted by the authority of the system, that is at the corrupt 

locations or admission themes and the accompanying computing stages, from responsibilities that are rather 

the accountability of a national pall supercomputer associated with the essential network. 

 
Figure 3. A general Cellular-Wireless-Network (CWN) structural model that differs between edge sections with base section, cloud 
segment, access points, and associated computing resources. 

The superiority goes on the base of well-timed original information composed at changed films of the 

decorum mound, which includes all sheets from the bodily up to the operation subcase. In discrepancy, the 

federal pall developments extensive-term and worldwide information composed from many bumps in the 

verge network, which generally incorporates only the advanced layers which are represented by the protocol 

mound, vicelike interacting, and operation layers. There should be any prototype scarcity or a procedure 

shortage that checks the use of a predictable model assembled manufacturing scheme. As the best example of 

structure shortfall, pre-emptive source division is built on expectations of human activities. For example: 

reserving up-to-date contents, may not be valuable from firm and consistent copies, constructing a data-

driven method anticipated. For subordinate instances of rule deficit, take into account the matter of channel 

decryption for channels with a better identified associated correct structure supported that the most chance 

decoder entails an excessive quality. 

Most are usually happy with announcement issues. Indeed, for many tasks in statement networks, it’s 

potential to gather or create coaching information sets and there’s no have to be compelled to apply good 

judgment or to supply careful enlightenment for a way a call was created. The remaining 2 criteria have to be 

compelled to be patterned on a case-by-case basis. Initially, the development or operation being academic 

must not be amended to apace finished time. For instance, coming up with channel decoder-supported 

samples obtained from a restricted range of comprehensions of a given proliferation channel needs the 

channel to be motionless over a satisfactorily long amount of your period. Second, within the case of a model 

discrepancy, the task ought to have some broadmindedness for error in the sense of not requiring obvious 

presentation pledges. for example, the routine of an interpreter proficient on a channel wanting a deep-rooted 

channel structure, like a natural announcement link, will solely be relied upon in so far mutually trusts the 

obtainable information to be demonstrative of the entire set of potential comprehensions of the matter 

underneath study. Instead, underneath associate rule discrepancy, a physics-based model, if obtainable, may 

be probably accustomed to performing PC reproductions and acquiring mathematical presentation guarantees. 

In this particular section, there is the researcher shows the detailed machine learning procedures and 

how can be applied to wireless communication networks. In Figure 4[9], the researcher discusses and display 

each type of machine learning’s pro and cons. 
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Figure 4. This figure is to deliver a methodical review of practical applications for modern Machine-Learning methods in wireless 
communication. 

Allowing Figure 4 whether or not the algorithm in evolving humanoid administration, machine-

learning-models may be grouped into the following three general categories: 

1) Supervised-Learning-Model. 

2) Unsupervised-Learning-Model. 

3) Reinforcement-Learning-Model. 

1.3.1. Supervised-Learning 

Supervised-Learning[10] has been intensively investigated and enhanced and now has long been 

recognized as a key component of machine learning. Significant quantities of living thing data should 

continuously be provided to establish a guideline development between both the visible training dataset and 

the expected output Figure 5[11] shows the workflow of supervised learning. Whereas reinforcement learning 

does have the benefit of increased solution quality and action clarity, it often requires a substantial quantity 

of information to be personally categorized, making information processing more expensive. Wireless 

allocation of resources and image processor and decoder development are interesting applications for the use 

of supervised learning since the software’s objective function is called and accumulating appropriate exercise 

data is moderately straightforward and quick. Numerous supervised learning algorithms are investigated 

which involve Random Forest (RF), logistic regression, gradient boosting algorithm, etc. Nevertheless, ML 

models developed utilizing conventional algorithms outperform low in numerous network settings which 

remains a huge challenge in communication network infrastructure optimization. Some models are 

developed for improving the network scalability and optimization through Support Vector Machine (SVM), 

decision tree, and related algorithms. However, developed frameworks face threats owing to restricted 

adaptability in dynamic environmental settings due to class imbalance, etc.  

 
Figure 5. Supervised learning workflow. 
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1.3.2. Unsupervised-Learning 

According to Figure 6[12], this structure depends on large quantities of unlabeled knowledge for 

gathering the original information building while not counting on peripheral properties and humanoid 

supervising. The benefit of the unsupervised learning model[13] is that no previous data is a prerequisite, but 

this originates at the price of doubtless tumbling its accurateness. Another drawback is that the mechanically 

revealed knowledge isn’t invariably representative of real-world conditions. Given its distinctive features, 

the Unsupervised-Learning Model is appropriate for finding the complications of manager connotation, 

handler consortium for a mixture of various access, attack recognition of malevolent users, and so on. 

However, the unsupervised learning-based conventional framework involves numerous restrictions namely, 

minimal interpretability, less scalability, and dependency on a selection of model along with the network 

topology. Therefore, novel frameworks must be explored utilizing the modified algorithms for resolving the 

dependency over computational assets, and adaptability to dynamic environment settings. 

 
Figure 6. Unsupervised learning workflow. 

1.3.3. Reinforcement-Learning 

In Figure 7[14] there is discussion about the first intended to find ideal activity places through variation 

and communications in questionable time-fluctuating conditions, this model[15] gives one more method of 

gaining from unlabeled information as long as one or the other positive or negative criticism can be gathered 

during the learning system by experimentation. Support learning doesn’t need direct oversight. Indeed, the 

intelligent learning worldview is equipped for figuring out how to act with the goal that it might set itself up 

for accomplishing a consistently further developing exhibition. The inconvenience of support learning is, in 

any case, that it depends on tremendous measures of assets. Another downside is that the resultant elite 

exhibition arrangements regularly need conceivable actual translations. In any case, fruitful application 

situations for support knowledge have been found in Unmanned-Aerial-Vehicle[16] (UAV) interchanges, 

independent driving, Mobile-Edge-Computing[17] (MEC), and remote reserving arrangements. 

 
Figure 7. Reinforcement learning workflow. 

2. Discussion 

In this section, authors are required to provide a detailed account of the procedure that was followed 

while conducting the research described in the report. This will help the readers obtain a clear understanding 

of the research and also allow them to replicate the study in the future. Authors should ensure that every 
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method used is described and include citations for the procedures that have been described previously. Avoid 

any kind of discussion in this section regarding the methods or results of any kind[18]. Research manuscripts 

reporting large datasets that are deposited in a publicly available database should specify where the data have 

been deposited and provide the relevant accession numbers. If the accession numbers have not yet been 

obtained at the time of submission, please state that they will be provided during review. They must be 

provided before publication. Interventional studies involving animals or humans, and other studies that 

require ethical approval, must list the authority that provided approval and the corresponding ethical 

approval code. Table 1 shows the comparative analysis of the suggested technique with existing approaches. 

Table 1. Comparative analysis of the suggested technique with existing approaches 

Suggested techniques Existing approaches 

Techniques  Advantages  Techniques  Drawbacks  

Explainable AI More transparent and 
interpretable. 

Traditional CNN-based 
architecture[19]. 

Vulnerability to multiple 
adversarial assaults as well 
as less interpretability. 

Edge computing Minimizes the computational 
burden of modified algorithms as 
well as enhances the scalability 

Conventional clustering 
methods[20] 

Uneven allocation of entire 
cluster heads lacks scalable. 

Federated learning Allows multifarious gadgets to 
connect as well as learn from one 
another for improved 
generalization. 

Support vector machine 
(SVM)[21] 

Minimal probabilistic 
interpretation as well as 
computational complexity. 

Hybrid model Enhanced resource allocation, 
improved adaptability, higher 
secrecy to the data, etc. 

Reinforcement learning[22] More vulnerable to diverse 
network attacks. 

ML-based frameworks may be an optimal instrument for optimization as well as intelligent 

administration of the communication infrastructure in real time. ML-based frameworks can forecast 

alterations, identify trends in communication network uncertainty, as well as arrive at dataset-driven 

judgments. It may enhance customer service as a whole, boost network effectiveness, as well as decrease 

outages. Every type of network organization’s activity may be analyzed using ML techniques, greatly 

enhancing behavioral assessment including vulnerability identification[23]. It could lessen the chance of 

information intrusions along with cyberattacks by identifying as well as mitigating safety hazards in real 

time[24]. Analytical techniques based on big data could be used by communication systems along with 

associated programs, including the Internet of Things, to improve understanding of situations as well as 

fundamental channel functioning. It may assist network administrators in making wise choices while 

carrying out preventative actions to enhance network operation. As a result of ML-based algorithms’ ability 

to spot anomalies as well as correlations underlying customer actions, communication systems may now 

offer considerably more individualized experiences[25]. As a result, consumer devotion as well as 

contentment may increase. ML algorithms-based frameworks are capable of helping network administrators 

save money by improving customer experience, and lowering interruptions while optimizing the efficiency 

of networks. 

Furthermore, optimization of communication network infrastructure, categorization of network traffic, 

as well as forecasting of the anomaly are only a few of the multiple advantageous applications of ML in the 

context of wireless communication infrastructure[26]. Its application is however constrained by several factors, 

such as its reliance on dataset volume as well as quality, restricted accessibility, restricted capability to 

evolve the changing contexts, as well as dependence on computational assets. Such drawbacks are probably 

going to be resolved as ML develops, making it a more potent instrument for resolving challenging issues 

within communication network infrastructure. 



9 

This is a novel research study that explores machine learning applications in communication systems 

and network optimization. Further, the research article offers an analysis of the contributions of machine 

learning-based anomaly detection approaches to mitigate the security threat and maintain the integrity of the 

entire communication network. In addition to this, the current research study may offer multiple directions 

for research, future trends as well and challenges including the requirement for intelligent frameworks for 

network optimization, signal processing, etc. 

3. Conclusion 

This paper study picks specific regions and precludes others allowing the paper researcher momentarily 

to specify some other dynamic regions. A focal subject in Machine Learning is the control of over 

appropriate. There have been numerous advancements around here as researchers investigated different 

punishment capacities and resampling procedures for forestalling overfitting. A comprehension of the 

overfitting cycle has been acquired through the measurable ideas of inclination and difference, and a few 

creators have created predisposition change disintegrations for grouping issues. One more dynamic theme 

has been the investigation of calculations for learning relations communicated as horn condition programs. 

This region is otherwise called inductive reasoning programming, and numerous calculations and 

hypothetical outcomes have been created around here. Lastly, many papers have resolved viable issues that 

emerge in applications like perception of learned information, techniques for extricating justifiable principles 

from neural organizations, calculations for recognizing commotion and exceptions in information, and 

calculations for learning straightforward classifiers. There have been many invigorating improvements in the 

beyond five years, and the pertinent writing in AI has been developing quickly. As more regions inside AI 

and software engineering apply AI strategies to tackle their issues, researchers expect that the progression of 

intriguing issues and useful arrangements will proceed. It is an interesting chance to be working in machine 

learning. ML-algorithm-based conventional frameworks used in current wireless communication 

infrastructure involve certain limits namely scalability of the network, secrecy threats, and less model 

interpretability which results in a lack of understanding of how they come to end predicted outcome. In the 

future, explainable AI, edge computing as well and Federated learning may contribute towards the more 

advanced framework development for secured communication infrastructure for the future wireless industry. 
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