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Abstract: The development of smart and sustainable cities and infrastructure with the integrated 

use of artificial intelligence (AI), machine learning (ML), and deep learning (DL) has emerged as 

a key transformative progress in the urban planning and management. As key drivers of efficiency, 

sustainability, and liveability, these technologies have emerged in response to recent trends within 

urban landscapes. Real-time AI-driven analytics allows cities to capture insights to adapt to the 

behaviour of cities, this includes policies like predictive maintenance of infrastructure, energy uses 

optimization as well as traffic management. ML algorithms provide resilient approaches for waste 

management, water distribution, pollution control, etc., which ultimately enriches adaptive 

behaviour of urban systems. DL especially with their pattern matching help aid the creation of 

intelligent system monitoring and management of city resources and make it sustainable and 

resilient against environmental threats. The amalgamation of Internet of things (IoT) devices with 

AI, ML and DL models has the ability to gather data, helps in taking advantage of data-driven city 

governance. Integrated solutions for the creation of smart grids, self-sustained urban transportation 

network and effective public service mechanisms are increasingly possible, seeking to contribute 

to the sustainability of urban development in the long run. The intersection of these technologies 

not only will aid cities in their day-to-day operational challenges brought on by urbanization, but 

also enable cities in their longer-term strategic planning, foster economic growth and improve 

general quality of life for residents.  
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2.1 Introduction  

The rapid rate of urbanization and population increase in metropolitan areas are among 

the leading causes for sustainable city management with corresponding infrastructure. 

Indeed, traditional approaches to city management and infrastructure development have 

been increasingly inadequate in retaining sustenance for issues like traffic congestion, 

pollution, energy consumption, and waste management (Neo et al., 2023; Ghazal et al., 

2023). There is, hence, a need that is developing to provide new solutions that would 

enable the creation of intelligent and sustainable cities. Artificial Intelligence (AI), 

Machine Learning (ML), and Deep Learning (DL) technologies can become powerful 

tools in this context, offering advanced solutions for data analysis, predictive modeling, 

and decision-making procedures (De Las Heras et al., 2020; Ahmed et al., 2022; Szpilko 

et al., 2023; Rane et al., 2024a). Awe-inspiring capabilities have already been shown in 

many areas, from healthcare to finance, by AI, ML, and DL, and the interest in their 

application to urban management has already gained ground (Varshney et al., 2021; 

Prabakar et al., 2023; Paramesha et al., 2024a). These could be technologies to optimize 

the functioning of critical infrastructure systems and improve resource utilization, thereby 

improving the quality of life among urban residents (Nosratabadi et al., 2019; Singh et al., 

2020; Paramesha et al., 2024b). For instance, AI can drive intelligent traffic management 

systems where there is congestion and emission reduction, ML algorithms predict and 

mitigate infrastructural failures, and DL models enable more efficient energy use in smart 

grids (David, & Koch, 2019; Chen, & Zhang, 2022; Jafari et al., 2023). Such innovations 

become essential in developing resilient urban environments that can adapt to change and 

operate sustainably in the long term. Drawing from these observations, the study attempts 

to fill these lacunae by providing an in-depth literature review, co-occurrence analysis of 

relevant keywords, and cluster analysis for detecting emerging trends and research 

priorities. 

Contributions of the research work: 

1) This research provides an overview of the literature available on AI, ML, and DL 

applications in developing innovative and sustainable cities. Significant findings, 

challenges, and future directions are identified. 

2) Helps to identify and analyse the most relevant keywords in a field, outlining patterns 

and relations that may indicate current research focuses and emerging areas of interest. 

3) Applies advanced clustering techniques to group-related studies and themes, aiding 

insights into dominant research clusters and giving the depth to plunge deeper into the 

understanding of interdisciplinary connections within such a domain. 
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2.2 Methodology 

Literature review, keyword analysis, co-occurrence analysis, and cluster analysis have 

been used in this study to analyse the roles of AI, ML, and DL in developing innovative 

and sustainable cities and infrastructure. The literature review covers an in-depth survey 

of academic journals, conference papers, and industrial reports published in the last ten 

years. Key sources utilized in article collection include IEEE Xplore, ScienceDirect, and 

Google Scholar. These would be guided by keywords such as "artificial intelligence," 

"machine learning," "deep learning," "smart cities," and "sustainable infrastructure" that 

guide the search process. The literature gathered is fed into bibliometric tool VOSviewer 

for keyword and co-occurrence analysis. The tools identify all the most frequently 

occurring terms and their interrelations, which are useful in showing emergent trends and 

research gaps. Co-occurrence analysis charts the connections of keywords with each 

other, outlining at a glance the strong interdisciplinary character of research in this area. 

This will involve cluster analysis in the grouping of literature into well-defined themes. 

Applying algorithms like k-means, the study groups articles with similar characteristics 

and thematic similarities. 

 

2.3 Results and discussions 

Co-occurrence and cluster analysis of the keywords 

This Fig. 2.1 illustrates the interconnected web of various terms, whereby the term "smart 

city" is located at the heart, and therefore indicates the centrality of "smart city" in the 

field of smart cities. The extensive network of connotations with the concept of smart city 

accurately reveals its centrality in discussions about AI, machine learning, and deep 

learning in urban settings. Smart cities are a complex system of systems, characterized by 

this central placement, which weaves together a wide range of technological, 

environmental and socio-economic components that makes the smart city domain so 

important. 

Cluster 1: Smart cities and urban development 

Sustainable development goals, urban planning, smart cities, big data, machine learning 

is the symbol of the fusion of the city development along with the state-of-the-art 

technologies. Although the addition of "machine learning" and "big data" highlight the 

need to utilize data in strengthening the decision-making process in smart city projects. It 

promotes "sustainable development," calling for cities to be smart not just for literal sake, 

but to be environmentally conscious, durable and resource-stingy. In this cluster, urban 

planning, urban development, AI and machine learning creating and managing urban 

places. While prediction is using predictive analytics for forecasting and responding to 
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urban challenges, decision-making looks at the role of AI as a tool for better, smarter 

governance. 

Cluster 2: Internet of Things (IoT) and connectivity 

The blue cluster just descripted encloses the high-impact concepts: "internet of things 

(IoT)", "learning systems", "edge computing", and "5G mobile communication system". 

This cluster underscores the very high value of connectivity and the ability to share real-

time data to better manage smart cities. The reason largely to do with overflow of data 

that a system of IoT devices is capable of providing and transmitting, data that is vital to 

the performance of many urban services. Low-latency data processing and 

communication – is the priority for real-time applications like traffic management and 

emergency response, edge computing and 5G are the aggregation of all of this. This is 

testified by the very presence of security systems and the need for quality service 

provision but the report stresses that the high quality of services and the ability to maintain 

secure networks are vital, to be named among the best of the best in creating and 

maintaining a smart city infrastructure. 

Cluster 3: Machine learning and decision support 

The green cluster focuses on application of AI to enhance analysis and prediction covering 

features like ML, decision, support vector machine and future forecasting. Support vector 

machines are machine learning algorithms that are necessary for data analysis on big data 

holding millions of datasets. Meanwhile, cluster describes how these technologies are 

deployed in forecasting (predicting trends and the future) and can help in planning urban 

life proactively. The cluster indicates the deployment of AI enabled public health care in 

smart urban areas. Automatic data acquisition covers real-time monitoring and control of 

urban system which increases safety and productivity with the help of AI. 

Purple cluster creates an overview of the environmental outlook of smart cities, relates it 

to sustainability and energy management, including smart grid and energy consumption. 

Noteworthy- AI is necessary for attaining the fundamental goal, which is sustainability, 

as it leverages resources better and reduces the environmental impact. Smart grid 

technology is very important to ensure the efficiency and sustainability of the energy, and 

healthy delivery and consumption, smart grid management with energy management are 

very necessary. Utilisation of AI technology to monitor and ameliorate environmental 

conditions and the relevant field is air quality and waste management. The use of AI is 

particularly crucial in the framework of promoting environmental sustainability practices 

through the exposure of the concept of learning (e-learning) to the residents of the city. 
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Fig. 2.1 Co-occurrence analysis of the keywords in literature 

Cluster 4: Sustainability and environmental management 

Cluster 5: Security and privacy 

The presence of terms such as network security, cybersecurity, data privacy, 

authentication and more indicates the strong emphasis on ensuring the security of smart 

city infrastructures. As the world continues to grow more connected and more reliant on 

data within our urban areas, the security and privacy of the data within our systems have 

become incredibly important. The result is that the city's systems are secure, with cyber 

threats to the city detected and counteracted through AI and machine learning. 

"Blockchain," means the use of decentralized technologies to make data transactions more 

secure and more transparent. "Computer crime" highlights the subtleties of cyber threats, 

and the seriousness of ensuring adequate safety measures are in place. The intricate weave 
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of cluster connections displays the interdisciplinary character of smart city initiatives. In 

diverse contexts, words such as "internet", "big data" and "decision making" are more 

often than not being used, to underline their momentous importance. This cross-cutting 

between "machine learning" and urban relevant environmental, and security concern 

exemplifies the broad range of urban challenges that "machine learning" can address. In 

response to the use of support vector machines and learning algorithms, the integration of 

AI in the planning and operational parts of smart cities has not been far behind of 

predictive analytics applications in real-time scenarios. We need to harmonize the 

strategies of urban expanding with the objectives of sustainable urban development in 

order to build a connection between the spatial planning and the sustainable development. 

 

Applications of Artificial intelligence, machine learning, and deep learning in smart 

and sustainable cities and infrastructure 

The rapid urbanization has brought new and unprecedented challenges to city 

management and infrastructure development (De Las Heras et al., 2020; Ahmed et al., 

2022; Ghazal et al., 2023; Rane et al., 2024b). Therefore, the concepts of smart cities and 

sustainable infrastructure have emerged with manifold technologies that enable efficient, 

livable, and resilient urban environments. Of these, AI, ML, and DL have been prominent 

transformation tools (Varshney et al., 2021; Prabakar et al., 2023; Paramesha et al., 

2024c). They provide innovative solutions for optimizing city operations, enhancing 

quality of life, and promoting sustainability. 

Urban planning and management 

AI is integral to the stages of planning and management involved in urban planning by 

way of analysing large data sets that would inform decision-making processes (Ullah et 

al., 2020; Luckey, 2021; Varshney 2021). AI-driven systems may, therefore process data 

from sources such as satellite imagery, social media, and sensor networks, providing 

insight into the dynamics of urban areas. AI algorithms can be used in population growth, 

traffic patterns, and environmental impact prediction of immense utility to city planners 

in developing more efficient and sustainable designs for urban areas (Luckey, 2021; 

Varshney 2021; Ahmed et al., 2022; Paramesha et al., 2024d). Second, AI-driven tools 

can improve resource allocation, for example, energy and water distribution, using 

demand pattern prediction and areas for better identification. 

Enhancing public safety and security 

AI, ML, and DL contributing to public safety and security in smart cities (Deep, & Verma, 

2023; Zhao, 2023; Rane et al., 2024c). Activities that seem out of the ordinary can be 

detected and analysed in real-time by AI-infused surveillance systems, improving 
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response times to impending dangers. DL algorithms that come with facial recognition 

technology identify people in crowded places and help in crime prevention and the 

tracking of suspects or missing persons. AI-driven predictive policing models can hence 

be trained on historical crime data to predict possible hotspots, thus providing law 

enforcers with better resource allocation and the ability to engage in proactive efforts 

against criminal activities. 

Intelligent Transportation Systems (ITS) 

AI, ML, and DL technologies show massive promise in the transport sector (Majumdar et 

al., 2021; Chen, & Zhang, 2022). ITS incorporates all those technologies in managing and 

streamlining traffic flow, hence reducing congestion and improving transportation 

efficiency. Traffic signals can assess the real-time traffic situation with AI algorithms, 

thereby reducing wait time and conserving fuel. ML models will be able to predict traffic 

conditions and provide the best routes to commuters to improve their travel experience 

(Ei Leen et al., 2023; Abdullah et al., 2023; Paramesha et al., 2024e). Besides, self-driving 

cars, perceivably based on DL for perception and decision-making, become an avenue 

towards a better tomorrow in urban mobility; this means offering users safer and more 

efficient modes of transport. 

Energy management and sustainability 

One of the most critical parts of sustainable city initiatives is energy management 

(Selvaraj et al., 2023). AI and ML technologies can make possible smart grids that shall 

help with optimization processes associated with energy distribution and consumption 

very effectively (Pham, et al., 2021; Chui et al., 2018). The analysis of energy usage 

patterns by ML algorithms brings the ability to predict fluctuations in demand and adjust 

supply accordingly, reducing energy wastage and, thus, costs. AI-driven systems can 

integrate solar and wind power, from renewables, into the grid much better than now in 

predicting their output and making appropriate storage arrangements (Farmanbar et al., 

2019; David, & Koch, 2019; Jafari et al., 2023). This provides greater resilience and 

sustainability for urban energy systems. 

Table 2.1 Applications of AI, ML, and DL in smart and sustainable cities and 

infrastructure 

References Application Area AI ML DL 

Majumdar et 

al., (2021); 

Chen, & 

Zhang, 

(2022); Ei 

Traffic Management Traffic signal 

control, 

congestion 

prediction 

Traffic 

pattern 

analysis, 

anomaly 

detection 

Real-time 

traffic flow 

prediction, 

autonomous 
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Leen et al., 

(2023); 

Abdullah et 

al., (2023) 

vehicle 

navigation 

Selvaraj et al., 

(2023); Pham, 

et al., (2021); 

Chui et al., 

(2018) 

 

Energy Management Smart grid 

optimization, 

demand response 

Energy 

consumption 

prediction, 

anomaly 

detection in 

energy usage 

Predictive 

maintenance 

for energy 

infrastructure, 

renewable 

energy 

forecasting 

Chen, et al., 

(2022); 

Szpilko et l., 

(2023); 

Udupiet al., 

(2024) 

Waste Management Route 

optimization for 

waste collection, 

waste sorting 

Predictive 

waste 

generation 

models, 

recycling rate 

improvement 

Image 

recognition for 

waste 

classification, 

smart bins 

Punia, & Mor, 

(2021); 

Krishnan et 

al., (2022); 

Adedeji et al., 

(2022) 

Water Management Leak detection, 

water quality 

monitoring 

Water usage 

prediction, 

anomaly 

detection 

Real-time 

flood 

prediction, 

advanced 

water quality 

prediction 

França et al., 

(2021); Deep, 

& Verma, 

(2023); Zhao, 

(2023) 

Public Safety Crime prediction, 

emergency 

response 

optimization 

Crime pattern 

analysis, 

anomaly 

detection in 

surveillance 

Real-time 

video analysis 

for public 

safety, facial 

recognition 

Szpilko et al., 

(2023); Alahi 

et al., (2023); 

Bibri et al., 

(2024) 

Environmental 

Monitoring 

 

Pollution tracking, 

climate change 

impact analysis 

Air quality 

prediction, 

anomaly 

detection 

High-

resolution 

environmental 

monitoring, 

species 

identification 

Gonçalves et 

al., (2020); 

Rodríguez-

Gracia et al., 

(2023)  

 

Building 

Management 

Smart HVAC 

systems, lighting 

control 

Energy 

efficiency 

optimization, 

fault 

detection 

Predictive 

maintenance 

for building 

systems, 

occupant 

behavior 

modeling 
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Gangwani, D., 

& Gangwani, 

P. (2021); 

Szpilko 

(2023); Ullah 

et al., (2020) 

Transportation Autonomous 

public transport 

systems, route 

optimization 

Demand 

prediction for 

public 

transport, 

service 

optimization 

Real-time 

passenger flow 

prediction, 

autonomous 

vehicle 

operations 

Ullah et al., 

(2020); Mehta 

et al., (2022); 

Szpilko et al., 

(2023) 

Healthcare Services Telemedicine, 

health monitoring 

Disease 

outbreak 

prediction, 

patient data 

analysis 

Real-time 

health 

monitoring, 

advanced 

medical 

imaging 

analysis 

Ullah et al., 

(2020); 

Luckey, 

(2021); 

Varshney 

(2021) 

Urban Planning Land use 

optimization, 

infrastructure 

development 

Predictive 

urban growth 

models, 

infrastructure 

demand 

analysis 

High-

resolution 

urban 

simulation, 

real-time 

construction 

site monitoring 

França et al., 

(2021); 

Younus et al., 

(2022); 

Alahakoon et 

al., (2023) 

Education Personalized 

learning, 

administrative 

automation 

Student 

performance 

prediction, 

resource 

allocation 

Intelligent 

tutoring 

systems, 

automatic 

grading 

Monteiro et 

al., (2021);  

Grimaldia et 

al., (2021); 

Alahi, et al., 

(2023) 

Public Services Chatbots for 

citizen services, 

smart kiosks 

Service 

demand 

prediction, 

process 

optimization 

Voice 

recognition for 

public service 

access, 

advanced 

document 

analysis 

Kishen et al., 

(2021); Cao, 

(2021); 

Oosthuizen et 

al., (2021) 

Retail Personalized 

shopping 

experiences, 

inventory 

management 

Customer 

behaviour 

prediction, 

sales 

forecasting 

Real-time 

image 

recognition for 

stock 

management, 

personalized 

advertising 
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Ryman-Tubb 

et al., (2018); 

Kunwar, 

(2019); 

Mahalakshmi 

et al., (2022) 

Finance Fraud detection, 

automated 

customer service 

Credit 

scoring, risk 

assessment 

Real-time 

market 

prediction, 

advanced 

financial 

analysis 

Gajdošík, & 

Marciš, 

(2019); 

Bulchand-

Gidumal, 

(2022); 

Doborjeh et 

al., (2022) 

Tourism and 

Hospitality 

Personalized travel 

recommendations, 

smart booking 

systems 

Demand 

prediction, 

guest 

preference 

analysis 

Advanced 

sentiment 

analysis, real-

time customer 

feedback 

processing 

Jose et al., 

(2021);  

Shaikh et al., 

(2022); 

Rahman, & 

Ravi, (2022) 

Agriculture Crop monitoring, 

pest detection 

Yield 

prediction, 

soil quality 

analysis 

Real-time crop 

health 

monitoring, 

advanced 

image analysis 

for plant 

diseases 

Çınar et al., 

(2020); Fahle 

et al., (2020); 

Rai et al., 

(2021) 

Manufacturing Predictive 

maintenance, 

quality control 

Process 

optimization, 

defect 

detection 

Real-time 

anomaly 

detection in 

production, 

advanced 

robotics 

control 

Kibria et al., 

(2018); 

Balmer et al., 

(2020); 

Ouyang et al., 

(2021) 

Telecommunications Network 

optimization, 

customer service 

automation 

Service 

demand 

prediction, 

fault 

detection 

Real-time 

network traffic 

analysis, 

advanced 

signal 

processing 

Sun et al., 

(2020); Abid 

et al., (2021) 

 

Disaster 

Management 

Emergency 

response 

coordination, 

resource allocation 

Disaster 

prediction 

models, 

damage 

assessment 

Real-time 

damage 

detection from 

satellite 

imagery, 

advanced risk 

modeling 
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Recuero 

Virto, & 

López, 

(2019); Zhao 

et al., (2020) 

Cultural Heritage 

Preservation 

Digitization of 

artifacts, virtual 

tours 

Predictive 

analysis of 

deterioration, 

visitor pattern 

analysis 

High-

resolution 

image 

restoration, 

real-time 

monitoring of 

heritage sites 

Frolova, & 

Ermakova, 

(2021); Rosili 

et al., (2021); 

Zeleznikow, 

(2023) 

Legal Services Document 

analysis, case 

outcome 

prediction 

Legal 

research 

optimization, 

workload 

prediction 

Real-time 

transcription 

services, 

advanced legal 

analytics 

Guo et al., 

(2019); 

Sepasgozar et 

al.,  

(2020); 

Alzoubi, 

(2022) 

Housing Smart home 

systems, 

automated 

maintenance 

Property 

value 

prediction, 

tenant 

behaviour 

analysis 

Real-time 

security 

monitoring, 

advanced 

home 

automation 

Araújo, et al., 

2021); Ghosh 

et al., (2023) 

Sports and 

Recreation 

Performance 

analysis, event 

management 

Player 

behaviour 

analysis, fan 

engagement 

prediction 

Real-time 

game analysis, 

advanced 

motion 

tracking 

 

Waste management and recycling 

Effective waste management is the means to clean and sustainable urban environments. 

A range of innovations enabled by AI, ML, and DL technologies can enhance waste 

collection, sorting, and recycling processes (Chen, et al., 2022; Udupiet al., 2024). For 

example, AI-powered sensors and cameras that monitor fill levels in waste bins and create 

collection routes on their own can help to reduce operational costs while at the same time 

reducing the impact on the environment. ML algorithms analyse waste composition to 

identify recyclable materials more effectively. Besides, DL models do so by automating 

identification and sorting procedures for different types of waste materials as part of 

improving recycling processes (Szpilko et al., 2023; Udupiet al., 2024). 

Smart buildings and infrastructure 

AI, ML, and DL have become intrinsic parts of intelligent buildings and related 

infrastructures (Chew et al., 2020; Das et al., 2023). Smart buildings harness the power of 
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these technologies in optimizing energy use, improving occupant comfort, and increasing 

efficiency in general. AI-driven building management systems can track and control 

HVAC, lighting, and other utilities against real-time occupancy data to reduce energy 

consumption and operational costs (Gonçalves et al., 2020; Rodríguez-Gracia et al., 

2023). In this regard, ML algorithms can leverage the data obtained from sensors to 

predict maintenance needs, thus preventing equipment failures and elongating building 

infrastructure life. Moreover, DL models can enhance building security through improved 

monitoring of possible access points to the building's interior, which is attained by 

effective detection of unauthorized activities. 

Environmental monitoring and management 

A sustainable city needs environmental solid monitoring and management systems for 

people's and ecosystems' well-being. AI, ML, and DL technologies can constantly track 

parameters such as air/water quality or other environmental indicators (Szpilko et al., 

2023; Alahi et al., 2023). AI algorithms will allow one to analyse sensor data to detect 

sources of pollution and predict environmental trends; hence, timely interventions are 

possible (Alahi et al., 2023; Bibri et al., 2024). AI/ML can help optimize water and green 

space management, anticipating patterns of use and detecting opportunities for 

conservation. Moreover, DL models are improving climate modeling and prediction, 

helping cities be better prepared to deal with and mitigate the effects of climatic change. 

Smart healthcare systems 

Health is one of the critical components of innovative city initiatives; AI, ML, and DL 

technological innovations contribute to strengthening healthcare services (Ullah et al., 

2020; Szpilko et al., 2023). The AI-enabled systems can singly analyse patient data from 

which customized treatment recommendations can be made. ML algorithms learn patterns 

from health records and social media data to predict the outbreak of diseases, thereby 

supporting early interventions and control measures. Moreover, DL models can analyse 

medical imaging to increase the chances of detecting diseases-especially fatal ones like 

cancer at an early stage when effective treatment is possible. These technologies thus 

enable innovative healthcare systems to ensure access by urban populations to high-

quality and efficient healthcare services. 

Citizen engagement and participation 

AI, ML, and DL technologies further raise the level of engagement and participation from 

citizens living in smart cities. Artificially intelligent platforms can allow for the extraction 

and analysis of public feedback from social media and other sources to understand the 

pulse of citizens better and identify areas of concern. ML models finally make it possible 
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to personalize communication with residents by informing them about relevant 

information and updates on city services and events. DL algorithms can further facilitate 

natural language processing and sentiment analysis, aiding city authorities to understand 

residents better for effective and responsive interaction. It enhances the sense of citizen 

participation with this kind of technology, hence creating urban settings that are more 

inclusive and responsive. 

AI based crack detection system 

Table 2.2 shows the AI based crack detection system. The AI-based crack detection 

system combines advanced techniques of data collection, replete sets of diverse datasets, 

and better preprocessing methods for both ML and DL models. This multifaceted 

approach embeds high accuracy with the robustness to crack detection for the existence 

of a wide range of industrial applications. This constitutes progress in automated 

structural health monitoring and predictive maintenance, harbouring cutting-edge AI-

based technologies. 

Table 2.2 AI based crack detection system 

Stage Details 

Data Collection CCD / CMOS Sensors, Laser Scanner 

Datasets 
CFD, GAPS384, AigleRN, EdmCrack600, CRACK500, 

DEEPCRACK, RDD 

Pre-Processing Histogram Equalization, Filtering, Morphological Operations 

AI Based Crack Classification 

Machine 

Learning 

Approach  

Deep Learning Approach  

- Support 

Vector 

Machine  

- K Nearest 

Neighbour  

- Naive 

Bayes  

Image patch 

classification 

Boundary 

box 

regression 

Semantic 

segmentation 

-DCNN 

-VGG16 

-ALEXNET 

-RESNET 

-Faster R-

CNN 

-SSD 

-YOLO 

-RNN 

-U NET 

-FCN 

-ZF NET 

 

Emerging technologies and their potential impact on smart and sustainable cities 

and infrastructure 

Technologies that are more into action and play a very significant role in developing a 

city are related to the Internet of Things (IoT) (Jin, et al., 2014; Zanella et al., 2014; Rejeb 
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et al., 2022). IoT enables the interconnection of devices surrounding a person, letting them 

transfer and receive data (Jin, et al., 2014; Rejeb et al., 2022). Under the concept of a 

smart city, IoT devices can include simple devices like street lights and traffic signals and 

complex devices like water meters and waste bins. Interconnected devices will collect an 

enormous amount of data, which, after analysis, can be used to optimize the city's 

operations.  For example, sensor power adjustment at smart streetlights can be turned 

on/off automatically depending on the time of day or by sensing pedestrian presence, 

thereby saving energy. Case of intelligent traffic signals, on the other hand, operate their 

timing in real-time according to the situation of the comfort and reduce congestion and 

emissions (Chen, & Zhang, 2022; Ei Leen et al., 2023; Abdullah et al., 2023). These 

facilitate leveraging IoT to make cities urban environments more responsive and efficient. 

Table 2.3 shows the emerging technologies and their potential impact on smart and 

sustainable cities.  

AI and ML also join in as significant components in the making of smart cities (Ahmed 

et al., 2022; Szpilko et al., 2023). AI can digest these vast volumes of data IoT devices 

produce and analyse them to make learned decisions and inferences. For example, in 

transportation, AI can be used to control traffic flows, pre-diagnose infrastructure 

maintenance, and even manage autonomous vehicles. A set of AI algorithms applied in 

energy management guarantees that energy is optimally distributed and consumed; renal 

energy sources are seamlessly fitted into the grid, reducing total energy consumption. AI-

driven solutions can also help make a contribution towards enhancing public safety 

through the execution of predictive policing, wherein sets of data on crimes are analysed 

to foresee and prevent activities relating to crimes. Big data analytics constitutes another 

critical technology that underlies intelligent city initiatives (Khan et al., 2017; Soomro et 

al., 2019). Available capacities in the collection, processing, and analysis of large data are 

promising a deeper understanding of urban dynamics by city planners and managers. For 

example, through big data, it can be possible to deduce patterns of energy use, water 

consumption, or transportation habits, which are also valuable for resource allocation. 

Data analysis in public health can involve sources tracking diseases to allow a response.  

Table 2.3 Emerging technologies and their potential impact on smart and sustainable 

cities  

 

References Technology Description Impact on Smart 

Cities 

Impact on 

Sustainable 

Cities 

Jin, et al., (2014); 

Zanella et al., 

IoT Interconnected 

devices 

exchanging data 

Enhances city 

services, traffic 

Real-time 

resource 
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(2014); Rejeb et 

al., (2022) 

management, 

efficiency 

monitoring, 

reduces waste 

Ahmed et al., 

(2022); Szpilko et 

al., (2023) 

AI Machines 

learning and 

decision-

making 

Optimizes 

operations, 

enhances public 

safety, improves 

services 

Increases energy 

efficiency, 

supports 

monitoring, 

urban planning 

Strohbach et al., 

(2015); Khan et 

al., (2017); 

Soomro et al., 

(2019) 

Big Data 

Analytics 

Analysis of 

large datasets 

Improves urban 

planning, transport 

systems, services 

Supports impact 

assessments, 

tracks 

consumption 

Rao, & Prasad, 

(2018); Shehab et 

al., (2021) 

 

5G Networks High-speed, 

low-latency 

connectivity 

Real-time 

communication, 

supports 

autonomous 

vehicles 

Facilitates 

energy 

management, 

environmental 

monitoring 

Kundu, (2019); 

Karale, & 

Ranaware, 

(2019); Huang, et 

al., (2022) 

Blockchain Secure, 

transparent 

transactions 

Enhances security, 

governance, 

supply chain 

Secure energy 

trading, waste 

management 

tracking 

Farmanbar et al., 

(2019); David, & 

Koch, (2019); 

Jafari et al., 

(2023) 

Smart Grids Digital 

technology in 

electrical grids 

Optimizes energy, 

integrates 

renewables 

Reduces waste, 

supports 

renewables 

Burns et al., 

(2020); Biloria, 

(2023) 

Autonomous 

Vehicles 

Self-navigating 

vehicles 

Reduces 

congestion, 

improves public 

transport, road 

safety 

Lowers 

emissions, 

reduces parking 

needs 

Thellufsen et al., 

(2020); 

Lewandowska et 

al., (2020); 

Hoang, & 

Nguyen, (2021) 

Renewable 

Energy  

Harnessing 

renewable 

energy sources 

Increases 

renewables, 

lowers carbon 

footprint 

Promotes 

sustainable 

energy, reduces 

emissions 

Chew et al., 

(2020); Das et al., 

(2023) 

Smart 

Buildings 

Tech-enhanced 

buildings 

Enhances 

efficiency, 

occupant comfort 

Reduces energy 

consumption, 

promotes 

efficiency 
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White et al., 

(2021); Cureton, 

& Dunn, (2021); 

Qian et al., (2022) 

Digital 

Twins 

Virtual replicas 

for simulation 

Improves 

planning, 

infrastructure 

management 

Efficient 

resource 

management, 

impact 

assessments 

Jain et al., (2021); 

Gohari et al., 

(2022) 

Urban 

Drones 

UAVs for 

delivery, 

surveillance, 

inspection 

Enhances 

logistics, 

emergency 

response 

Reduces 

congestion, 

supports 

monitoring 

 

Blockchain technology has exciting applications in replicability, security, and 

transparency for city services (Kundu, 2019; Karale, & Ranaware, 2019). New 

decentralized and immutable ledger blockchain technology can be used to perform very 

secure transactions and manage frequently changing data. It ensures secure, transparent 

voting systems that help to uphold electoral integrity in intelligent cities. Blockchain can 

also be applied in supply chain management to track down the origin and movement of 

goods, promoting sustainability and reducing fraud. That also mean that blockchain 

supports the development of smart contracts-self-executing contracts with the terms 

directly written into code. These contracts can automate and streamline various 

administrative processes, reducing bureaucracy and increasing efficiency. The 

deployment of 5G networks will be the game-changer in intelligent cities connectivity. 

The inherent features and functionalities of 5G, high speed, very low latency, and huge 

capacity, have turned it into an enabler of seamless operation for IoT devices, real-time 

data analytics, and highly developed communication services. From autonomous vehicles 

to intelligent grids, telemedicine, or even remote education, the protean applications 

supported by 5G have made it hugely successful (Rao, & Prasad, 2018; Shehab et al., 

2021). For instance, in the transport sector, 5G can facilitate vehicle-to-everything 

communication and vehicle-to-everything (V2X), vehicle interactions with other vehicles 

and infrastructures to improve safety and efficiency. In health, 5G can help with remote 

surgery and real-time monitoring of patients to increase access to medical care. 

This can contribute to sustainable urban environments and is integrated within such 

emerging technologies. On the one hand, IoT and AI techniques will make smart grids 

ensure optimization in energy production and consumption, incorporate renewable energy 

sources, and bring down carbon footprints (Lewandowska et al., 2020; Hoang, & Nguyen, 

2021). Intelligent water management systems can monitor water usage, detect leaks, and 

ensure efficient distribution, thereby saving this resourceful element. The IoT can 

facilitate better waste management by making IoT-enabled sensors track waste levels and 

optimize collection routes to reduce fuel consumption and gas emissions in the long term. 

Among the significant components of urban infrastructure, one area that will benefit 
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greatly from these technologies is transportation. AI and 5G-driven autonomous vehicles 

can become a panacea for traffic accidents, congestion reduction, and emissions 

reduction. Intelligent public transit systems, with traveller information provided in real-

time, will make traveling by transit much more efficient and user-friendly. In addition, 

intelligent digital platforms enable electric and shared mobility solutions that foster 

sustainable modes of transport. 

Another area of impact for emerging technologies is intelligent buildings and 

infrastructure (Chew et al., 2020; Das et al., 2023). IoT sensors in an intelligent building 

could significantly monitor and control lighting, heating, ventilation, and air conditioning 

(HVAC), and other similar systems to optimize energy use and comfort. Such buildings 

can exploit renewable sources of energy like solar panels and utilize energy storage 

systems for demand management. Digital twin technologies can create replicas in the 

virtual space for physical assets in construction. Therefore, they can increase the 

sustainability and resilience of built infrastructure by improving design, construction, and 

maintenance activities. Digital technologies also contribute to public safety and security. 

For instance, AI-enabled surveillance devices can analyse video feeds in real time to 

identify any suspicious activity and alert the concerned authority of any threat. IoT 

devices helpful during disaster management by sending early warnings to different 

authorities so that emergency responses can be initiated on time. Furthermore, blockchain 

will ensure integrity and security for critical data against cyber threats. 

Fig. 2.2 summarizes the various industrial systems: robotics and automation systems, 

advanced sensing and monitoring systems, programmable logic controllers, building 

management systems, human-machine interface, and predictive maintenance systems. In 

this research, each technology has been taken into consideration with its associated 

benefits and drawbacks. The advantages include increased productivity, cost reduction, 

quality control, and energy optimization. Contrasted to these benefits are the drawbacks 

related to huge upfront investment costs, maintenance, and integration problems. Such a 

detailed comparison would go on to highlight the critical factors that need consideration 

while deciding on the implementation of these industrial systems. 

The participants follow an experimental procedure for performing some tasks and then 

answer evaluation questionnaires. This information is detailed in Table 2.4. The 

experiment will first be introduced, followed by signing consent forms by the participants 

as shown. After that, the collaboration process is explained, and training of the 

participants is conducted. Upon completing the training, a detailed explanation of the first 

task is presented, and the participants carry out the task. On completion of the first task, 

the NASA-TLX questionnaire is administered to obtain information about the perceived 

workload about the task. Afterward, instructions concerning the second task are presented, 
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and the participants perform this task too. At the end of the second task, participants are 

requested to fill in the NASA-TLX and an acceptability questionnaire, thus ending the 

procedure. This is a step-by-step procedure for the systematic assessment of participants' 

performances on tasks, as well as their perceptions relevant to these tasks. 

 

 

Fig. 2.2 The role of industrial devices in sustainable machining: advantages and 

disadvantages 
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Table 2.4 Illustration of the experimental approach 

Steps The experimental procedure 

1 Presentation of the experiment 

2 Signing of consentments 

3 Explanation of the collaboration 

4 Training period 

5 Explanation of the first task. 

6 Realization of Task 1 

7 Answering NASA-TLX 

8 Explanation of the second task 

9 Realization of the second task 

10 The participant will then respond to the NASA-TLX and acceptability questionnaire. 

 

2.4 Conclusions 

The significance of AL, ML, and DL technologies in strengthening urban performance in 

terms of efficiency, sustainability, and livability has been accentuated by recent 

advancements. AI-based software helps analyse data in real-time as well as creates 

predictive models that are vital for promoting smart-use of urban resources. For example, 

it prevents traffic jams by means of intelligent traffic management systems, making an 

important contribution to environmental protection. ML algorithms play a vital role in 

managing the energy consumption of smart grids, maintaining an equilibrium of the 

energy resources with the energy demand, and also to deal with renewable energy 

resources, without any obstacles. Thanks to DL, the discipline that can process lots of 

data, the intelligent structure in human/municipal services or infrastructure initiated 

earlier, also may become more sophisticated. DL models can process satellite imagery 

and sensor data for real-time tracking of the health of infrastructure, enabling predictive 

maintenance to ensure the resilience of an urban infrastructure. This technology also helps 

a lot in the field of waste management where intelligent bots can sort the waste products 

more effectively, leading to better recycling initiatives and lesser use of landfills. A recent 

emphasis on the integration of ethical AI principles is what should prevent these 

advancements from being made at the detriment of privacy and security. To earn citizen 

trust and to protect sensitive information, they are now adopting more transparent AI 

frameworks, more substantial safeguards for data. This interdependence of technology 

developers with urban planners and policymakers needs to continue if we are to tap into 

the full potential of these technologies to create liveable, just, and environmentally 

sustainable cities. 

 

 



  

43 

 

References 

Abdullah, S. M., Periyasamy, M., Kamaludeen, N. A., Towfek, S. K., Marappan, R., Kidambi 

Raju, S., ... & Khafaga, D. S. (2023). Optimizing traffic flow in smart cities: Soft GRU-based 

recurrent neural networks for enhanced congestion prediction using deep learning. 

Sustainability, 15(7), 5949. 

Abid, S. K., Sulaiman, N., Chan, S. W., Nazir, U., Abid, M., Han, H., ... & Vega-Muñoz, A. (2021). 

Toward an integrated disaster management approach: how artificial intelligence can boost 

disaster management. Sustainability, 13(22), 12560. 

Adedeji, K. B., Ponnle, A. A., Abu-Mahfouz, A. M., & Kurien, A. M. (2022). Towards 

digitalization of water supply systems for sustainable smart city development—Water 4.0. 

Applied Sciences, 12(18), 9174. 

Ahmed, I., Zhang, Y., Jeon, G., Lin, W., Khosravi, M. R., & Qi, L. (2022). A blockchain‐and 

artificial intelligence‐enabled smart IoT framework for sustainable city. International Journal 

of Intelligent Systems, 37(9), 6493-6507. 

Alahakoon, D., Nawaratne, R., Xu, Y., De Silva, D., Sivarajah, U., & Gupta, B. (2023). Self-

building artificial intelligence and machine learning to empower big data analytics in smart 

cities. Information Systems Frontiers, 1-20. 

Alahi, M. E. E., Sukkuea, A., Tina, F. W., Nag, A., Kurdthongmee, W., Suwannarat, K., & 

Mukhopadhyay, S. C. (2023). Integration of IoT-enabled technologies and artificial 

intelligence (AI) for smart city scenario: recent advancements and future trends. Sensors, 

23(11), 5206. 

Alzoubi, A. (2022). Machine learning for intelligent energy consumption in smart homes. 

International Journal of Computations, Information and Manufacturing (IJCIM), 2(1). 

Araújo, D., Couceiro, M., Seifert, L., Sarmento, H., & Davids, K. (2021). Artificial intelligence in 

sport performance analysis. Routledge. 

Balmer, R. E., Levin, S. L., & Schmidt, S. (2020). Artificial Intelligence Applications in 

Telecommunications and other network industries. Telecommunications Policy, 44(6), 101977. 

Bibri, S. E., Krogstie, J., Kaboli, A., & Alahi, A. (2024). Smarter eco-cities and their leading-edge 

artificial intelligence of things solutions for environmental sustainability: A comprehensive 

systematic review. Environmental Science and Ecotechnology, 19, 100330. 

Biloria, N. (2023). Autonomous mobility in the built environment. In Intelligent Environments 

(pp. 351-394). North-Holland. 

Bulchand-Gidumal, J. (2022). Impact of artificial intelligence in travel, tourism, and hospitality. 

In Handbook of e-Tourism (pp. 1943-1962). Cham: Springer International Publishing. 

Burns, C. G., Oliveira, L., Hung, V., Thomas, P., & Birrell, S. (2020). Pedestrian attitudes to 

shared-space interactions with Autonomous Vehicles–A virtual reality study. In Advances in 

Human Factors of Transportation: Proceedings of the AHFE 2019 International Conference on 

Human Factors in Transportation, July 24-28, 2019, Washington DC, USA 10 (pp. 307-316). 

Springer International Publishing. 

Cao, L. (2021). Artificial intelligence in retail: applications and value creation logics. International 

Journal of Retail & Distribution Management, 49(7), 958-976. 



  

44 

 

Chen, G., & Zhang, J. (2022). Applying Artificial Intelligence and Deep Belief Network to predict 

traffic congestion evacuation performance in smart cities. Applied Soft Computing, 121, 

108692. 

Chen, X. (2022). Machine learning approach for a circular economy with waste recycling in smart 

cities. Energy Reports, 8, 3127-3140. 

Chew, M. Y. L., Teo, E. A. L., Shah, K. W., Kumar, V., & Hussein, G. F. (2020). Evaluating the 

roadmap of 5G technology implementation for smart building and facilities management in 

Singapore. Sustainability, 12(24), 10259. 

Chui, K. T., Lytras, M. D., & Visvizi, A. (2018). Energy sustainability in smart cities: Artificial 

intelligence, smart monitoring, and optimization of energy consumption. Energies, 11(11), 

2869. 

Çınar, Z. M., Abdussalam Nuhu, A., Zeeshan, Q., Korhan, O., Asmael, M., & Safaei, B. (2020). 

Machine learning in predictive maintenance towards sustainable smart manufacturing in 

industry 4.0. Sustainability, 12(19), 8211. 

Cureton, P., & Dunn, N. (2021). Digital twins of cities and evasive futures. In Shaping smart for 

better cities (pp. 267-282). Academic Press. 

Das, N., Akshatha, K., & Rani, R. H. J. (2023, December). 5G Pathway Navigation for Smart 

Infrastructure. In 2023 International Conference on Power Energy, Environment & Intelligent 

Control (PEEIC) (pp. 855-859). IEEE. 

David, M., & Koch, F. (2019). “Smart is not smart enough!” anticipating critical raw material use 

in smart city concepts: the example of smart grids. Sustainability, 11(16), 4422. 

De Las Heras, A., Luque-Sendra, A., & Zamora-Polo, F. (2020). Machine learning technologies 

for sustainability in smart cities in the post-covid era. Sustainability, 12(22), 9320. 

Deep, G., & Verma, J. (2023). Embracing the future: AI and ML transforming urban environments 

in smart cities. J. Artif. Intell, 5, 57-73. 

Doborjeh, Z., Hemmington, N., Doborjeh, M., & Kasabov, N. (2022). Artificial intelligence: a 

systematic review of methods and applications in hospitality and tourism. International Journal 

of Contemporary Hospitality Management, 34(3), 1154-1176. 

Ei Leen, M. W., Jafry, N. H. A., Salleh, N. M., Hwang, H., & Jalil, N. A. (2023, June). Mitigating 

Traffic Congestion in Smart and Sustainable Cities Using Machine Learning: A Review. In 

International Conference on Computational Science and Its Applications (pp. 321-331). Cham: 

Springer Nature Switzerland. 

Fahle, S., Prinz, C., & Kuhlenkötter, B. (2020). Systematic review on machine learning (ML) 

methods for manufacturing processes–Identifying artificial intelligence (AI) methods for field 

application. Procedia CIRP, 93, 413-418. 

Farmanbar, M., Parham, K., Arild, Ø., & Rong, C. (2019). A widespread review of smart grids 

towards smart cities. Energies, 12(23), 4484. 

França, R. P., Monteiro, A. C. B., Arthur, R., & Iano, Y. (2021). An overview of the machine 

learning applied in smart cities. Smart cities: A data analytics perspective, 91-111. 

Frolova, E. E., & Ermakova, E. P. (2021). Utilizing artificial intelligence in legal practice. In Smart 

Technologies for the Digitisation of industry: Entrepreneurial environment (pp. 17-27). 

Singapore: Springer Singapore. 



  

45 

 

Gajdošík, T., & Marciš, M. (2019). Artificial intelligence tools for smart tourism development. In 

Artificial Intelligence Methods in Intelligent Algorithms: Proceedings of 8th Computer Science 

On-line Conference 2019, Vol. 2 8 (pp. 392-402). Springer International Publishing. 

Gangwani, D., & Gangwani, P. (2021). Applications of machine learning and artificial intelligence 

in intelligent transportation system: A review. Applications of Artificial Intelligence and 

Machine Learning: Select Proceedings of ICAAAIML 2020, 203-216. 

Ghazal, T. M., Hasan, M. K., Ahmad, M., Alzoubi, H. M., & Alshurideh, M. (2023). Machine 

learning approaches for sustainable cities using internet of things. In The Effect of Information 

Technology on Business and Marketing Intelligence Systems (pp. 1969-1986). Cham: Springer 

International Publishing. 

Ghosh, I., Ramasamy Ramamurthy, S., Chakma, A., & Roy, N. (2023). Sports analytics review: 

Artificial intelligence applications, emerging technologies, and algorithmic perspective. Wiley 

Interdisciplinary Reviews: Data Mining and Knowledge Discovery, 13(5), e1496. 

Gohari, A., Ahmad, A. B., Rahim, R. B. A., Supa’at, A. S. M., Abd Razak, S., & Gismalla, M. S. 

M. (2022). Involvement of surveillance drones in smart cities: A systematic review. IEEE 

Access, 10, 56611-56628. 

Gonçalves, D., Sheikhnejad, Y., Oliveira, M., & Martins, N. (2020). One step forward toward 

smart city Utopia: Smart building energy management based on adaptive surrogate modelling. 

Energy and Buildings, 223, 110146. 

Grimaldia, D. C., Shallab, C. F. K., & Fontanalsc, I. (2021). From smart city to data-driven city. 

Implementing Data-Driven Strategies in Smart Cities: A Roadmap for Urban Transformation, 

1. 

Guo, X., Shen, Z., Zhang, Y., & Wu, T. (2019). Review on the application of artificial intelligence 

in smart homes. Smart Cities, 2(3), 402-420. 

Hoang, A. T., & Nguyen, X. P. (2021). Integrating renewable sources into energy system for smart 

city as a sagacious strategy towards clean and sustainable process. Journal of Cleaner 

Production, 305, 127161. 

Huang, C., Xue, L., Liu, D., Shen, X., Zhuang, W., Sun, R., & Ying, B. (2022). Blockchain-assisted 

transparent cross-domain authorization and authentication for smart city. IEEE Internet of 

Things Journal, 9(18), 17194-17209. 

Jafari, M., Kavousi-Fard, A., Chen, T., & Karimi, M. (2023). A review on digital twin technology 

in smart grid, transportation system and smart city: Challenges and future. IEEE Access, 11, 

17471-17484. 

Jain, R., Nagrath, P., Thakur, N., Saini, D., Sharma, N., & Hemanth, D. J. (2021). Towards a 

smarter surveillance solution: The convergence of smart city and energy efficient unmanned 

aerial vehicle technologies. Development and Future of Internet of Drones (IoD): Insights, 

Trends and Road Ahead, 109-140. 

Jin, J., Gubbi, J., Marusic, S., & Palaniswami, M. (2014). An information framework for creating 

a smart city through internet of things. IEEE Internet of Things journal, 1(2), 112-121. 

Jose, A., Nandagopalan, S., & Akana, C. M. V. S. (2021). Artificial Intelligence techniques for 

agriculture revolution: a survey. Annals of the Romanian Society for Cell Biology, 2580-2597. 



  

46 

 

Karale, S., & Ranaware, V. (2019). Applications of blockchain technology in smart city 

development: a research. International Journal of Innovative Technology and Exploring 

Engineering, 8(11), 556-559. 

Khan, M., Babar, M., Ahmed, S. H., Shah, S. C., & Han, K. (2017). Smart city designing and 

planning based on big data analytics. Sustainable cities and society, 35, 271-279. 

Kibria, M. G., Nguyen, K., Villardi, G. P., Zhao, O., Ishizu, K., & Kojima, F. (2018). Big data 

analytics, machine learning, and artificial intelligence in next-generation wireless networks. 

IEEE access, 6, 32328-32338. 

Kishen, R., Upadhyay, S., Jaimon, F., Suresh, S., Kozlova, N., Bozhuk, S., ... & Matchinov, V. A. 

(2021). Prospects for artificial intelligence implementation to design personalized customer 

engagement strategies. Pt. 2 J. Legal Ethical & Regul. Isses, 24, 1. 

Krishnan, S. R., Nallakaruppan, M. K., Chengoden, R., Koppu, S., Iyapparaja, M., Sadhasivam, J., 

& Sethuraman, S. (2022). Smart water resource management using Artificial Intelligence—A 

review. Sustainability, 14(20), 13384. 

Kundu, D. (2019). Blockchain and trust in a smart city. Environment and Urbanization ASIA, 

10(1), 31-43. 

Kunwar, M. (2019). Artificial intelligence in finance: Understanding how automation and machine 

learning is transforming the financial industry. 

Lewandowska, A., Chodkowska-Miszczuk, J., Rogatka, K., & Starczewski, T. (2020). Smart 

energy in a smart city: Utopia or reality? evidence from Poland. Energies, 13(21), 5795. 

Luckey, D., Fritz, H., Legatiuk, D., Dragos, K., & Smarsly, K. (2021). Artificial intelligence 

techniques for smart city applications. In Proceedings of the 18th International Conference on 

Computing in Civil and Building Engineering: ICCCBE 2020 (pp. 3-15). Springer International 

Publishing. 

Mahalakshmi, V., Kulkarni, N., Kumar, K. P., Kumar, K. S., Sree, D. N., & Durga, S. (2022). The 

role of implementing artificial intelligence and machine learning technologies in the financial 

services industry for creating competitive intelligence. Materials Today: Proceedings, 56, 

2252-2255. 

Majumdar, S., Subhani, M. M., Roullier, B., Anjum, A., & Zhu, R. (2021). Congestion prediction 

for smart sustainable cities using IoT and machine learning approaches. Sustainable Cities and 

Society, 64, 102500. 

Mehta, S., Bhushan, B., & Kumar, R. (2022). Machine learning approaches for smart city 

applications: Emergence, challenges and opportunities. Recent advances in internet of things 

and machine learning: Real-world applications, 147-163. 

Monteiro, A. C. B., França, R. P., Arthur, R., & Iano, Y. (2021). A look at machine learning in the 

modern age of sustainable future secured smart cities. In Data-Driven Mining, Learning and 

Analytics for Secured Smart Cities: Trends and Advances (pp. 359-383). Cham: Springer 

International Publishing. 

Neo, E. X., Hasikin, K., Lai, K. W., Mokhtar, M. I., Azizan, M. M., Hizaddin, H. F., & Razak, S. 

A. (2023). Artificial intelligence-assisted air quality monitoring for smart city management. 

PeerJ Computer Science, 9, e1306. 



  

47 

 

Nosratabadi, S., Mosavi, A., Keivani, R., Ardabili, S., & Aram, F. (2019, September). State of the 

art survey of deep learning and machine learning models for smart cities and urban 

sustainability. In International conference on global research and education (pp. 228-238). 

Cham: Springer International Publishing. 

Oosthuizen, K., Botha, E., Robertson, J., & Montecchi, M. (2021). Artificial intelligence in retail: 

The AI-enabled value chain. Australasian Marketing Journal, 29(3), 264-273. 

Ouyang, Y., Wang, L., Yang, A., Shah, M., Belanger, D., Gao, T., ... & Zhang, Y. (2021). The next 

decade of telecommunications artificial intelligence. arXiv preprint arXiv:2101.09163. 

Paramesha, M., Rane, N. L., & Rane, J. (2024a). Artificial Intelligence, Machine Learning, Deep 

Learning, and Blockchain in Financial and Banking Services: A Comprehensive Review. 

Partners Universal Multidisciplinary Research Journal, 1(2), 51-67. 

Paramesha, M., Rane, N., & Rane, J. (2024b). Trustworthy Artificial Intelligence: Enhancing 

Trustworthiness Through Explainable AI (XAI). Available at SSRN 4880090. 

Paramesha, M., Rane, N., & Rane, J. (2024c). Artificial intelligence in transportation: applications, 

technologies, challenges, and ethical considerations. Available at SSRN 4869714. 

Paramesha, M., Rane, N., & Rane, J. (2024d). Generative artificial intelligence such as ChatGPT 

in transportation system: A comprehensive review. Available at SSRN 4869724. 

Paramesha, M., Rane, N., & Rane, J. (2024e). Big data analytics, artificial intelligence, machine 

learning, internet of things, and blockchain for enhanced business intelligence. Available at 

SSRN 4855856. 

Pham, Q. V., Liyanage, M., Deepa, N., VVSS, M., Reddy, S., Maddikunta, P. K. R., ... & Hwang, 

W. J. (2021). Deep learning for intelligent demand response and smart grids: A comprehensive 

survey. arXiv preprint arXiv:2101.08013. 

Prabakar, D., Sundarrajan, M., Manikandan, R., Jhanjhi, N. Z., Masud, M., & Alqhatani, A. (2023). 

Energy Analysis-Based Cyber Attack Detection by IoT with Artificial Intelligence in a 

Sustainable Smart City. Sustainability, 15(7), 6031. 

Punia, A., & Mor, N. (2021). For a Better Tomorrow: Smart and Sustainable Cities Using Artificial 

Intelligence. In Handbook of Green Engineering Technologies for Sustainable Smart Cities 

(pp. 173-189). CRC Press. 

Qian, C., Liu, X., Ripley, C., Qian, M., Liang, F., & Yu, W. (2022). Digital twin—Cyber replica 

of physical things: Architecture, applications and future research directions. Future Internet, 

14(2), 64. 

Rahman, S. M., & Ravi, G. (2022). Role of artificial intelligence in pest management. Current 

Topics in Agricultural Sciences Vol, 7, 64-81. 

Rane, N., Choudhary, S., & Rane, J. (2024a). Integrating deep learning with machine learning: 

technological approaches, methodologies, applications, opportunities, and challenges. 

Available at SSRN 4850000. 

Rane, N., Choudhary, S., & Rane, J. (2024b). Artificial Intelligence (AI), Internet of Things 

(IoT), and blockchain-powered chatbots for improved customer satisfaction, experience, and 

loyalty (May 29, 2024). http://dx.doi.org/10.2139/ssrn.4847274 

http://dx.doi.org/10.2139/ssrn.4847274


  

48 

 

Rane, N., Choudhary, S., & Rane, J. (2024c). Artificial intelligence and machine learning for 

resilient and sustainable logistics and supply chain management. Available at SSRN 

4847087. 

Rai, R., Tiwari, M. K., Ivanov, D., & Dolgui, A. (2021). Machine learning in manufacturing and 

industry 4.0 applications. International Journal of Production Research, 59(16), 4773-4778. 

Rao, S. K., & Prasad, R. (2018). Impact of 5G technologies on smart city implementation. Wireless 

Personal Communications, 100, 161-176. 

Recuero Virto, N., & López, M. F. B. (2019). Robots, artificial intelligence, and service automation 

to the core: remastering experiences at museums. In Robots, artificial intelligence, and service 

automation in travel, tourism and hospitality (pp. 239-253). Emerald Publishing Limited. 

Rejeb, A., Rejeb, K., Simske, S., Treiblmaier, H., & Zailani, S. (2022). The big picture on the 

internet of things and the smart city: a review of what we know and what we need to know. 

Internet of Things, 19, 100565. 

Rodríguez-Gracia, D., de las Mercedes Capobianco-Uriarte, M., Terán-Yépez, E., Piedra-

Fernández, J. A., Iribarne, L., & Ayala, R. (2023). Review of artificial intelligence techniques 

in green/smart buildings. Sustainable Computing: Informatics and Systems, 38, 100861. 

Rosili, N. A. K., Zakaria, N. H., Hassan, R., Kasim, S., Rose, F. Z. C., & Sutikno, T. (2021). A 

systematic literature review of machine learning methods in predicting court decisions. IAES 

International Journal of Artificial Intelligence, 10(4), 1091. 

Ryman-Tubb, N. F., Krause, P., & Garn, W. (2018). How Artificial Intelligence and machine 

learning research impacts payment card fraud detection: A survey and industry benchmark. 

Engineering Applications of Artificial Intelligence, 76, 130-157. 

Selvaraj, R., Kuthadi, V. M., & Baskar, S. (2023). Smart building energy management and 

monitoring system based on artificial intelligence in smart city. Sustainable Energy 

Technologies and Assessments, 56, 103090. 

Sepasgozar, S., Karimi, R., Farahzadi, L., Moezzi, F., Shirowzhan, S., M. Ebrahimzadeh, S., ... & 

Aye, L. (2020). A systematic content review of artificial intelligence and the internet of things 

applications in smart home. Applied Sciences, 10(9), 3074. 

Shaikh, T. A., Rasool, T., & Lone, F. R. (2022). Towards leveraging the role of machine learning 

and artificial intelligence in precision agriculture and smart farming. Computers and 

Electronics in Agriculture, 198, 107119. 

Shehab, M. J., Kassem, I., Kutty, A. A., Kucukvar, M., Onat, N., & Khattab, T. (2021). 5G 

networks towards smart and sustainable cities: A review of recent developments, applications 

and future perspectives. IEEE Access, 10, 2987-3006. 

Singh, S., Sharma, P. K., Yoon, B., Shojafar, M., Cho, G. H., & Ra, I. H. (2020). Convergence of 

blockchain and artificial intelligence in IoT network for the sustainable smart city. Sustainable 

cities and society, 63, 102364. 

Soomro, K., Bhutta, M. N. M., Khan, Z., & Tahir, M. A. (2019). Smart city big data analytics: An 

advanced review. Wiley Interdisciplinary Reviews: Data Mining and Knowledge Discovery, 

9(5), e1319. 

Strohbach, M., Ziekow, H., Gazis, V., & Akiva, N. (2015). Towards a big data analytics framework 

for IoT and smart city applications. In Modeling and processing for next-generation big-data 



  

49 

 

technologies: with applications and case studies (pp. 257-282). Cham: Springer International 

Publishing. 

Sun, W., Bocchini, P., & Davison, B. D. (2020). Applications of artificial intelligence for disaster 

management. Natural Hazards, 103(3), 2631-2689. 

Szpilko, D., de la Torre Gallegos, A., Jimenez Naharro, F., Rzepka, A., & Remiszewska, A. (2023). 

Waste management in the Smart City: Current practices and future directions. Resources, 

12(10), 115. 

Szpilko, D., Naharro, F. J., Lăzăroiu, G., Nica, E., & de la Torre Gallegos, A. (2023). Artificial 

intelligence in the smart city—a literature review. Engineering Management in Production and 

Services, 15(4), 53-75. 

Thellufsen, J. Z., Lund, H., Sorknæs, P., Østergaard, P. A., Chang, M., Drysdale, D., ... & Sperling, 

K. (2020). Smart energy cities in a 100% renewable energy context. Renewable and Sustainable 

Energy Reviews, 129, 109922. 

Udupi, P. K., Jose, M., & Ullah, A. (2024). AI-Enabled Smart City Waste Management System. 

In Handbook of Artificial Intelligence for Smart City Development (pp. 76-99). CRC Press. 

Ullah, Z., Al-Turjman, F., Mostarda, L., & Gagliardi, R. (2020). Applications of artificial 

intelligence and machine learning in smart cities. Computer Communications, 154, 313-323. 

Varshney, H., Khan, R. A., Khan, U., & Verma, R. (2021). Approaches of artificial intelligence 

and machine learning in smart cities: Critical review. In IOP Conference Series: Materials 

Science and Engineering (Vol. 1022, No. 1, p. 012019). IOP Publishing. 

Varshney, H., Khan, R. A., Khan, U., & Verma, R. (2021). Approaches of artificial intelligence 

and machine learning in smart cities: Critical review. In IOP Conference Series: Materials 

Science and Engineering (Vol. 1022, No. 1, p. 012019). IOP Publishing. 

White, G., Zink, A., Codecá, L., & Clarke, S. (2021). A digital twin smart city for citizen feedback. 

Cities, 110, 103064. 

Younus, A. M., Abumandil, M. S., Gangwar, V. P., & Gupta, S. K. (2022). AI-Based Smart 

Education System for a Smart City Using an Improved Self-Adaptive Leap-Frogging 

Algorithm. In AI-Centric Smart City Ecosystems (pp. 231-245). CRC Press. 

Zanella, A., Bui, N., Castellani, A., Vangelista, L., & Zorzi, M. (2014). Internet of things for smart 

cities. IEEE Internet of Things journal, 1(1), 22-32. 

Zeleznikow, J. (2023). The benefits and dangers of using machine learning to support making legal 

predictions. Wiley Interdisciplinary Reviews: Data Mining and Knowledge Discovery, 13(4), 

e1505. 

Zhao, H. (2023). Artificial intelligence-based public safety data resource management in smart 

cities. Open Computer Science, 13(1), 20220271. 

Zhao, M., Wu, X., Liao, H. T., & Liu, Y. (2020, April). Exploring research fronts and topics of 

Big Data and Artificial Intelligence application for cultural heritage and museum research. In 

IOP Conference Series: Materials Science and Engineering (Vol. 806, No. 1, p. 012036). IOP 

Publishing. 

 

 


