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Abstract: This research focuses on identifying the feasibility of applying intelligent systems in engineering disciplines to achieve veritable 

paradigms from academic ideas into real-world deploymen Analyzing and discussing theoretical and empirical antecedents, as well as 

performing field trials with AI and machine learning applications, the research identifies potential directions of development and possible 

issues in the use of AI and ML in various fields. That the advancement of AI and Machine Learning algorithms and implementation is 

promising for various industries and applications, such as, manufacturing, transportation, energy systems, health-care, and communication 

systems by providing high accuracy and performance. On a general note, neural networks have higher accuracy than support vector 

machines in manufacturing with an accuracy of 92 per cent in predictive maintenance, as compared to support vector machines, which 

have an accuracy of 85 per cent in traffic management in the context of transportation. Decision tree based energy consumption optimization 

has mean squared error holds 0 and it has a confident level of efficiency as compared to other methods. 005. However, there are still 

problems in healthcare applications, it is a fact that, the evolutionary computation came across many issues in privacy-preserving patient 

monitoring. In conclusion, this study provides an understanding of the intelligent systems on the innovation process that happens in the 

frame of engineering and sharpen on the methodical, ethical, and interdisciplinary approaches to achieve the optimal outcomes.  

Keywords: Artificial Neural Networks, Robotics, Fuzzy Logic, Control Systems, Computer Science, Assessment. 

1. Introduction 

In the field of engineering, the adaptation of intelligent 

systems has become to be one of the potential areas which 

can expand its application in numerous fields related to 

engineering, increasing productivity, boosting accuracy, 

and introducing new technologies. As this literature 

review aims at providing new insights into the importance 

of applying intelligent systems to engineering it seeks to 

fill this gap between pure theory and practice. Most 

sectors of engineering have the potential to be transformed 

because now AI and machine learning are possibly 

implying new advancements, data is abundantly available 

and the processing power or computational methods is 

more fluent than ever before. Overall, the purpose of this 

research is to review the positive shifts that can be affected 

by intelligent systems in engineering practices with focus 

on manufacturing, transport, energy, healthcare, and 

infrastructure fields only but not limited to it. It is with 

this spirit that embracing the theoretical underpinnings of 

AI and ML in this paper will help us discover how 

employing these principles engender realistic solutions to 

practical engineering problems. In its essence, this study 

seeks to identify and present a clear and methodical 

approach to incorporating intelligent systems into 

engineering practices effectively. It includes providing an 

understanding of how one can obtain and prepare data for 

learning and developing models, for model assessment, 

and for placing models into practice taking into 

consideration the characteristics of engineering 

applications. In addition, we aim at benchmarking and 

assessing the practical applicability of intelligent systems 

to as many real life problems as possible through the 

aforementioned criteria of efficiency such as accuracy, 

speed, reliability as well as capacity. Nevertheless, 

intelligent system within the engineering learning field 

has some blames and constraints as well. Difficulty in data 

quality, algorithm, ethical issues and legal aspect form 

some of the iron clad hurdles which would require 

additional attention [1]. Given the fact that intelligent 

systems have infiltrated virtually all branches of 

engineering approaches, it is necessary to devote efforts 

to such challenges and identify the most productive 

directions for their minimization This work aims at 

investigating the possibilities and problems associated 

with the implementation of intelligent systems in the 

engineering disciplines. Starting from the theoretical 

staple in the current state of knowledge, this work expects 

to find potential directions for the establishment of the 

future trends of research proposals and activities in the 

sphere of intelligent engineering systems, which would 

chart the course for the continuous innovation of this 

branch. 
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2. Related Works 

The integration of intelligent systems in multiple fields, 

including manufacturing, higher education, production 

systems, optimization, pharmaceuticals, health care, 

network load, agriculture, modelling, communication, 

ethics, and engineering education, is emerging as a hot 

trend in the current literature. This papers identifies the 

state of knowledge and evolving topics of study from the 

selected sources and highlights insights on the state-of-art 

of these domains. Challenges within the manufacturing 

practice field or production system can be effectively 

addressed with the help of data science and Intelligent 

Systems, as pointed out by Chia-Yen and Chen-Fu (2022) 

[15]. While it focuses on the promise of data science in 

manufacturing, their study reveals the shortcomings that 

come with using machine learning, as well as the proper 

procedures that need to be in place for organizations to 

benefit from intelligent systems. Likewise, the study 

conducted by De Jesus Pacheco et al. (2023) [17] 

developing a new RFID based intelligent system of 

monitoring and management system in production line, 

helps in achieving industry 4. 0 principles in practice. In 

particular, in the field of higher education, Crompton and 

Burke (2023) presented a review of the field of artificial 

intelligence, with some views on the application and the 

outcome of artificial intelligence in the utilization of 

educational technology in the context of higher education 

settings. This research reveals the potential impact of AI 

in the context of teaching and learning and, therefore, 

shows that there is an opportunity to improve learning 

activities through the use of AI technological tools, while 

at the same time insisting on the significance of 

addressing the ethical aspect of AI and the implementation 

of strategies on responsible use. Hence, the current trends 

unravel a new era in the context of the pharmaceutical 

industry as Industry 4. , including but not limited to the 

following, which are discussed by Debnath et al. (2023) 

[18]. In their research, they indicate how they go about 

measuring the CSF in applying Industry 4. randomly 

distributed in the pharmaceutical supply chain, according 

to respondents fulfilling a structured questionnaire, with 

relevance to supply chain sustainability in emerging 

economies. This research work thus helps to add to the 

current literature and discussion regarding digital 

transformation within the pharmaceutical industry 

regarding certain challenges and possible opportunities. 

Another field experiencing revolution as facilitated by the 

intelligent systems and digital technologies is the 

Healthcare domain. Dowdeswell et al. (2024) [19] 

describe how healthcare will operate, its prospects, and 

difficulties, as well as what issues may remain open in 

asymmetrically smart environments. Their work identifies 

key aspects of utilizing intelligent systems in enhancing 

healthcare provision and provides pointers towards 

critical issues of data privatization, compatibility, and the 

moral components of intelligent systems. The evaluation 

of the network workload is one of the essential aspects in 

the computer science and telecommunications field, 

which has been highlighted in Ekhlakov and Andriyanov 

(2024) [20]. In their works, they for the development of a 

multicriteria evaluation system for congestion of network 

structures using traffic information and computer vision 

tools. through the understanding of congestion avoidance 

measures this study helps to enhance the efficiency of the 

network usage and the allocation of the sources. Getting 

important information on crops through IoT and 

incorporating AI in precision agriculture is something that 

Elisha Elikem et al. (2024) [21]posited. They also aimed 

at defining what it takes to consider IoT solutions 

incorporated with artificial intelligence technologies for 

precision farming and characterizing the potential of IA in 

primarily increasing productivity, sustainability and 

resource utilization for farming practices. It becomes clear 

that participatory modeling is a valuable approach to 

fostering stakeholder engagement and decision-making 

activities in a complex system, as the study by Elsawy et 

al. (2023) illustrates. Their research sets out the key 

competencies in engagement with stakeholders that 

underpin participatory modeling; and guidelines for how 

to build relationships and achieve widespread consensus. 

In line with this, the intention and role of participatory 

modeling is aligned towards promoting transparency, 

equity, and achievements of sustainable solutions. New 

generation of Communication Systems is growing up in 

accordance to advance Smart Cities, and fast 

transportation networks, as Elsawy et al present in their 

research (2024). Their paper presents a conceptual model 

of a second-generation dual transceiver FSO 

communication system for high-speed trains in smart 

cities to examine its possible usability in future smart 

cities’ operations with increased connection speeds, 

dependability, and effectiveness. Such a perspective 

brings ethical issues more to the forefront of decision-

making in the development and application of intelligent 

systems, as underscored in Fasoro (2024) [24]. According 

to their research they have proposed that there is need for 

designers of intelligent systems to promote dignity in 

artificial intelligence through ethical approaches to 

designing Intelligent systems, openness, and 

responsibility for the new breed of artificial intelligence 

systems. Issues on engineering education are changing 

due to development of IT infrastructure and Industry 4. 

512 principles and bioecological theory of human 

development, which Garcés and Peña discussed in their 

work published in 2022 [25]. Aim and scope: Their study 

focuses on the incorporation of BIM into engineering 

education as well as to the concept of Industry 4. 0: based 

on the understanding of Kolb’s theory of experiential 

learning for improving of the process of the students’ 

learning in laboratories. Incorporating application-based 
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experiences with computing technologies in the learning 

process of engineering will enhance students’ capabilities 

in addressing the expectations of futureJobs Market. 

Finally, by summarizing the findings of this systematic 

literature review, you would understand how intelligent 

systems have been applied and useful in different fields as 

well as identify the issues and potentials of using these 

systems. These industries range from manufacturing to 

higher education, health care provision and agriculture, 

telecommunications and many more industries where 

intelligent system is revolutionalizing them and 

introducing new innovative ideas in them. Nonetheless, 

the issues associated with data credibility or 

trustworthiness, data confidentiality and ethical concerns, 

data compatibility … are issues that require sustained 

focus and research across multiple disciplines to fully 

unlock the potential of Intelligent Systems for the 

common good. 

3. Methods and Materials 

To this end, this study uses the integrative approach to 

analyze the application and development of intelligent 

systems in engineering professions exploring the 

theoretical analysis and the practical implementation in 

the context of the empirical study. The methodology is 

designed this way to ensure that the desired approach to 

achieving the study goals and objectives is parodied, 

especially as they pertain to implementation strategies, 

performance metrics, opportunities, and challenges that 

relate to the contribution of intelligent systems in 

engineering disciplines [2]. 

The first stage of the presented methodology includes the 

analysis of the current trends and approaches in the field 

of AI and ML pertinent to the engineering domain. This 

review samples classic literature based on algorithms 

covering neural networks, support vector machines, 

decision trees and other algorithms like evolutionary 

computation among others [29]. Table provides a 

summary of the main AI and ML algorithms used in this 

study in light of the above characteristics and their uses in 

AI applications. 

Table: Summary of AI and ML Algorithms 

Algorithm Characteristics Applications 

Neural 

Networks 

Non-linear 

mapping, deep 

architectures 

Pattern 

recognition, 

regression, 

forecasting 

Support 

Vector 

Machines 

Binary 

classification, 

kernel methods 

Data 

classification, 

regression 

Decision 

Trees 

Hierarchical 

structure, 

interpretability 

Classification, 

regression, 

decision 

support 

Evolutionary 

Computation 

Population-

based 

optimization, 

genetic operators 

Optimization, 

search, 

evolutionary 

design 

In the second step that involves empirical data acquisition 

Phase Two of the methodology data related to engineering 

applications are gathered from various sources like 

industry data sets, public data and data generated from 

simulated environments [28]. These features include 

primary and secondary variables and characteristics 

related to concrete, construction material, environment 

and process parameters, as well as performance indicators 

related to the particular domain of engineering [3]. Table 

2 below displays the different data sets utilized in this 

research, the source (s) applied and the manipulations 

done to every data set. Table: Overview of Datasets 

Utilized in the Research 

Dataset Source 

Characte

ristics 

Preproce

ssing 

Require

ments 

Manufactur

ing Industry 

Time-

series 

sensor 

data 

Data 

cleaning, 

normaliz

ation 

Transportat

ion 

Public 

repositorie

s 

Geospatia

l 

informati

on, traffic 

patterns 

Feature 

extractio

n, outlier 

detection 

Energy 

Simulated 

environme

nts 

Power 

consumpt

ion, 

renewabl

e sources 

Temporal 

aggregati

on, 

missing 

value 

imputatio

n 

Healthcare 

Public 

datasets 

Electroni

c health 

records 

Privacy 

protectio

n, feature 

encoding 

Following data preparation, the next section of the 

methodology as a part of the process is model creation and 
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learning. The various AI and ML algorithms described in 

the theoretical analysis section are then coded and 

embedded in suitable programming languages and 

environments by using the appropriate programming 

frameworks and libraries such as TensorFlow, scikit-

learn, as well as PyTorch among others [27]. Typically, 

these algorithms are trained and also cross-validated with 

the gathered data sets; parameters like the cross-

validation, hyperparameter tuning and ensemble learning 

are methods used in determining the best alpha [4]. Table 

3 presents the specification of the experiments conducted 

in the framework of the algorithm modeling, the 

algorithms taken into consideration, the types of training 

employed and the quantitative measures of the model 

quality. 

Algorithm 

Training 

Procedure 

Evaluation 

Metrics 

Neural 

Networks 

Stochastic 

gradient 

descent 

Accuracy, 

precision, 

recall, F1-score 

Support 

Vector 

Machines 

Grid search 

for 

hyperparamet

ers 

Area under 

ROC curve, 

confusion 

matrix 

Decision Trees 

Information 

gain for 

splitting 

Gini index, 

entropy, mean 

squared error 

Evolutionary 

Computation 

Genetic 

algorithms for 

optimization 

Convergence 

rate, fitness 

landscape 

analysis 

After model training and validation, the last step of the 

methodology indicated here is model deployment where 

the trained models are used in various engineering 

applications [30]. This deployment involves employing 

the intelligent systems into the conventional engineering 

solutions, engaging the engineering experts to ensure 

synergy with the defined solutions. Additionally, 

performance measurement and evaluation procedures are 

implemented and which is used to evaluate the 

effectiveness and outcomes of models over time[5]. As 

the investigation progress, a comprehensive scientific 

strategy is used to counter possible issues, and constraints 

related to utilization of intelligent systems for engineering 

purposes. The foregoing challenges include the accuracy, 

credibility and integrity of the data being fed into the 

model, the inherent bias within the mathematical 

formulations of the algorithms, the ethical viewpoints and 

social responsibilities while making important decisions 

and final all-important compliance with legal restrictions 

that may be in place [14]. The measures against these 

difficulties are then developed in an integrated manner 

with input from representatives of different disciplines 

including data science, engineering, ethic, and law. 

4. Experiments 

This paper has presented research of the real-world 

application of the intelligent system within the 

engineering fields, and from this study, there are 

enormous benefits of the intelligent systems put to 

practice in the various sub-discipline of engineering [13]. 

In this section, drawing out the model’s development, 

performance, and the actual implementation, the emphasis 

is made on the appraisal of the capability for the critical 

understanding and application. 

 

Fig 1: Evolution and Applications of Intelligent Systems 

Model Development: 

During the first phase of the study, various AI and ML 

techniques were tested and trained on various datasets that 

can depict various aspects of engineering requirements. 

For each model, the table displays the differences in the 

algorithms used, training strategies, and hyperparameters 

tuned. 

Algorithm 

Training 

Procedure 

Hyperparame

ters 

Neural 

Networks 

Stochastic 

gradient 

descent 

Learning rate, 

batch size 

Support 

Vector 

Machines 

Grid search 

for 

hyperparamet

ers 

Kernel type, 

regularization 

parameter 
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Decision 

Trees 

Information 

gain for 

splitting 

Maximum 

depth, 

minimum 

samples split 

Evolutionary 

Computation 

Genetic 

algorithms for 

optimization 

Population 

size, mutation 

rate 

Performance Evaluation: 

The effectiveness of the developed models on different 

engineering applications was compared using individual 

evaluation metrics, accuracy, precision, and recall, F1 

measure, AUC-ROC, as well as mean squared error [6]. 

Here’s a summary of the overall performance of all 

models in all the datasets: 

Algorithm Dataset Accuracy Precision Recall 

F1-

score 

AUC-

ROC 

Mean 

Squared 

Error 

Neural 

Networks Manufacturing 0.92 0.91 0.93 0.92 - - 

Support 

Vector 

Machines Transportation 0.85 0.86 0.83 0.84 0.92 - 

Decision 

Trees Energy - - - - - 0.005 

Evolutionary 

Computation Healthcare 0.78 0.79 0.77 0.78 - - 

It is perceived that neural networks can be used to forecast 

manufacturing term outcomes effectively and give high 

accuracy and performance and that the temporal qualities 

in the sensor data are considered by these networks. 

Transportation is one of important fields that SVMs are 

applied to perform classification of geospatial information 

and patterns of traffic flow [7]. Support vector machines 

and decision trees have shown outstanding performance  

energy applications as well as supplied the understandable 

analysis results for the power consumption. Nevertheless, 

the application of evolutionary computation in healthcare 

seems to experience certain hurdles which may be 

attributed to the number, size, and concentrating to the 

EHRs as well as privacy issues [12]. 

 

Fig 2: AI System Engineering—Key Challenges and 

Lessons Learned 
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Practical Deployment: 

After model development and evaluation, the completed 

models were in to real life engineering applications in 

order to measure the usefulness of the models [8]. Table 

provides the details of practical deployment scenarios 

mentioned in various engineering domains, the strategies 

applied, and observations made. 

Algorith

m 

Engineering 

Domain 

Deployme

nt 

Strategy Outcomes 

Neural 

Networks 

Manufacturin

g 

Embedded 

system 

integration 

Improved 

predictive 

maintenan

ce 

Support 

Vector 

Machines 

Transportatio

n 

Cloud-

based API 

deployme

nt 

Enhanced 

traffic 

manageme

nt 

Decision 

Trees Energy 

On-

premise 

server 

deployme

nt 

Optimal 

energy 

consumpti

on 

scheduling 

Evolution

ary 

Computat

ion Healthcare 

Federated 

learning 

approach 

Privacy-

preserving 

patient 

monitorin

g 

 

Fig 3: International Journal of Intelligent Systems 

Discussion: 

The conclusion provides justification and evidence about 

an intelligent system for application in engineering; it also 

presents details on scope and actualisation of intelligent 

system in engineering. Neural networks are identified as 

an effective technique for the prevention of equipment 

failures in manufacturing through pre-emptive 

maintenance based on the intricate temporal patterns that 

the networks can capture from sensor data. Support vector 

machines are indeed reliable in classification of 

transportation techniques, which help in efficient traffic 

flow and appropriate routing systems [9]. Energy 

management was made easier by decision trees; they help 

specify unique patterns and then make decisions from 

there. Nevertheless, there are some issues that come with 

the use of evolutionary computation in healthcare, which 

would require other methodologies like the federated 

learning to be employed so that the data protection laws 

can be complied with as required. In general, the results 

of the present study extend the literature of intelligent 

systems applied to engineering in regard to real-world 

experiences and organizational affordances and 

constraints for advancing the theory, practice, and use of 

these systems [10]. Through enlisting of advanced AI and 

ML tools and methods, engineering professionals can 

unlock most of the benefits that comes with intelligent 

system to optimize on the practices in various fields [11].  

 

Fig 4: Categories of intelligent system software 

5. Conclusion 

This scholarly trip within the research area of intelligent 

system application in engineering applications has 

enriched the understanding of the constructive change that 

can result from the ubiquity of AI and ML within several 
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fields and the real issues that must be considered when 

applying such technologies. Over the course of this 

investigation, through theoretical analysis, empirical data 

investigation, and practical implementation, this research 

has catalogued the potential and drawbacks of intelligent 

systems in addressing sophisticated engineering issues. 

This paper establishes the need to employ suitable 

methods and means for aggregating and applying 

knowledge from different fields in order to leverage on 

intelligent system. Ranging from effective equipment 

maintenance in industries to efficient traffic control in 

transportation, smart solutions are useful prospects in 

improving at the rate of effectiveness and accuracy in the 

greater sectors. However, problem including data privacy, 

bias in AI algorithms and issues in regulation need a 

systematic analyses on how efficient and sustainable 

intelligent systems can be implemented. Also, the study 

emphasizes the importance of generating new ideas and 

knowledge that can be applicable and useful for a lifetime 

due to the progressing technological change and 

sophisticated needs in modern societies. Thus, by a 

systematic analysis of intelligent systems’ definitions and 

their impact on engineering practice, this study provides 

valuable insights into the advancements of digitalization 

and Industry 4. 0 principles. As for future research 

directions to be undertaken, it can be noted that the 

investigation goals may shift towards specific emerging 

problems, potential new applications or improved 

methods for incorporating intelligent systems into 

practice for engineering purposes. If people involved into 

research, practice, and policy-making opt for the 

integration and cooperation between various fields, 

intelligent systems will become maximal as tools for 

promoting the sustainable development, improving the 

quality of life, and defining the future of the engineering 

progress. 
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