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Smart cities leverage innovative technologies, including the Internet of Things (IoT) and unmanned aerial vehicles (UAVs)

, to enhance residents’ quality of life. UAV infrastructure in smart cities provides a cost-effective and efficient means of

data collection, monitoring, surveillance, and infrastructure assessment. They contribute to better urban planning,

resource management, emergency response, public safety, and sustainable development, ultimately improving the quality

of life for city residents.
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1. Introduction

Optimizing age and power consumption in Internet of Things (IoT) applications using unmanned aerial vehicles (UAVs)

and their battery recharge is a crucial undertaking for the development of future smart cities . Optimizing the flight paths

of UAVs to minimize age and power consumption, while ensuring comprehensive data coverage, holds significant

importance. Leveraging UAVs for environmental monitoring presents both challenges and opportunities, particularly in

collecting data from remote or inaccessible regions. The effectiveness of UAV systems has been exemplified through

various case studies, showcasing their potential impact . Efficient control of UAVs plays a crucial role in the betterment

of smart cities. UAVs equipped with advanced control systems can efficiently navigate through urban environments,

collecting high-quality data from various sensors. This data is invaluable for smart city applications, such as traffic

management, environmental monitoring, and infrastructure assessment. By controlling UAVs effectively, cities can gather

accurate and real-time information, enabling informed decision-making and proactive interventions . UAVs with

efficient control algorithms can optimize the use of available resources in smart cities. For instance, they can monitor

utility networks, detect leakages or faults, and assist in maintenance activities. By identifying inefficiencies and potential

problems promptly, cities can improve the reliability and sustainability of critical infrastructure systems like water supply,

electricity grids, and waste management. UAVs with precise control capabilities can be deployed for surveillance and

security purposes in smart cities. They can monitor crowded areas, identify suspicious activities, and provide real-time

situational awareness to law enforcement agencies . With efficient control, UAVs can navigate complex urban

environments, maintain stable flight paths, and quickly respond to emerging security threats. During emergencies such as

natural disasters or accidents, UAVs with efficient control systems can be deployed for rapid response and rescue

operations. They can quickly reach inaccessible or hazardous areas, assess the situation, and provide critical information

to emergency responders. By streamlining rescue efforts and improving coordination, efficient control of UAVs can save

lives and minimize damage in smart cities. UAVs can play a significant role in improving transportation systems within

smart cities. With efficient control algorithms, they can support traffic management, monitor congestion, and provide real-

time data for route optimization. UAVs can also facilitate last-mile delivery services, reducing traffic congestion and

enhancing efficiency in urban logistics .

UAVs have emerged as a highly significant technology in the geoscience and remote sensing fields over the past twenty

years. They have gained popularity across various applications and have often replaced other platforms due to their

versatility and relatively affordable costs. This rise in prominence is evident from the substantial number of scientific

papers dedicated to UAVs published across different research communities during this period. According to Scopus, more

than 80,000 papers have been published since 2001 using terms like “UAV”, “drone”, “UAS”, and “RPAS” in the title or

keywords. The majority of these publications are within the engineering and computer science domains . This growing

interest in UAVs from the scientific community is not limited to a single citation indexing database, as other databases also

reflect this trend. Furthermore, the UAV business has experienced significant financial growth, with a valuation of several

billion dollars per year. Although the majority of the market is currently focused on military applications, the future

prospects for UAVs are promising. Economic interests, technological advancements, the miniaturization of onboard

sensors, and the development of new algorithms and software have collectively driven the emergence of new

applications, which in turn have created new business opportunities. While UAV surveying applications were the initial
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focus, more advanced applications have emerged, leading to new requirements and further expanding the scope of UAV

utilization. Notably, UAV systems capable of rapid, automated, and autonomous geospatial data collection are making

significant contributions to the ongoing fourth industrial revolution . Indeed, new and emerging applications of UAVs

continue to expand across various industries. Construction and infrastructure monitoring are prime examples of how UAVs

are being utilized for aerial inspections, progress tracking, and site surveillance in construction projects. They offer

efficient and cost-effective means of obtaining high-resolution imagery, collecting data, and monitoring project

developments.

Control theory (nonlinear, linear, intelligent control, and hybrid control) is important for UAVs in smart cities. UAVs, or

drones, play a crucial role in various applications within smart cities, such as surveillance, delivery services, and

infrastructure inspection. Control theory provides the foundation for designing and implementing control algorithms that

enable UAVs to navigate, stabilize, and perform tasks autonomously.

In smart cities, UAVs need to operate in complex and dynamic environments, where they must adapt to changing

conditions and interact with other systems. Control theory helps in developing control strategies that allow UAVs to

respond to environmental changes, avoid obstacles, optimize energy consumption, and ensure safe and efficient

operations. Efficient control is essential for UAVs in smart cities as it enables them to operate autonomously, adapt to

changing conditions, and perform tasks with precision and efficiency.

2. Important Applications of Unmanned Aerial Vehicles in Smart Cities

UAV infrastructure in smart cities provides a cost-effective and efficient means of data collection, monitoring, surveillance,

and infrastructure assessment. They contribute to better urban planning, resource management, emergency response,

public safety, and sustainable development, ultimately improving the quality of life for city residents.

UAVs equipped with sensors, cameras, or other data collection devices can capture high-resolution imagery, perform

aerial surveys, and collect various types of data. This data is invaluable for urban planning, infrastructure management,

environmental monitoring, and decision-making processes in smart cities. UAVs enable efficient and cost-effective data

collection, providing accurate and up-to-date information. Drones can inspect critical infrastructure, such as bridges,

buildings, power lines, and pipelines. They can reach inaccessible or hazardous areas, allowing for quick and accurate

assessment of structural integrity, identification of maintenance needs, and detection of damage or potential risks. Regular

inspections using UAVs enhance safety, reduce maintenance costs, and improve the lifespan of infrastructure. Drones are

valuable tools in emergency situations. They can be quickly deployed to assess disaster-affected areas, search for

missing persons, and provide situational awareness to emergency responders. UAVs equipped with thermal sensors can

detect hotspots in fires or identify people in need of rescue. Additionally, they can deliver emergency supplies to remote or

inaccessible locations, improving response times and saving lives. UAVs enable efficient monitoring of environmental

parameters such as air quality, pollution levels, temperature, and vegetation health. This data aids in identifying

environmental challenges, assessing the impact of urban activities, and implementing sustainable solutions. UAVs can

support environmental planning, pollution control, and conservation efforts in smart cities. Delivery drones offer an efficient

and environmentally friendly alternative for transporting goods within smart cities . They can navigate congested

areas more easily and reach destinations faster, enabling quick and convenient delivery of packages, medical supplies, or

emergency response materials. Delivery drones contribute to reducing traffic congestion, lowering carbon emissions, and

enhancing logistics operations.

The advancements in electronics and manufacturing processes have allowed for the miniaturization of controllers,

sensors, and processors while retaining their effectiveness. This breakthrough has given rise to compact configurations of

UAVs. The potential inherent in this size reduction is vast and offers numerous advantages. In 2016, PwC published the

report “Clarity from Above”, revealing that the addressable market value of drone-powered solutions exceeds USD 127

billion, indicating that the drone revolution is causing significant disruptions across a wide range of industries . UAVs,

commonly known as drones, have a wide range of applications across various fields due to their versatility, efficiency, and

ability to access hard-to-reach areas. Here are some of the key applications of UAVs in different sectors:

2.1. Agriculture

Drones are used for precision agriculture. They can monitor crop health, track livestock, and even assist in planting and

spraying crops. They can provide detailed aerial imagery that helps farmers make informed decisions about their crops

and livestock .
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2.2. Construction and Infrastructure

Drones are used for surveying land, inspecting structures, and monitoring construction progress. They can provide high-

resolution images and videos that can help in planning, monitoring, and inspecting construction sites .

2.3. Disaster Management

Drones can be used in disaster management for search and rescue operations, damage assessment, and delivering

emergency supplies. They can reach areas that are difficult or dangerous for humans to access .

2.4. Environmental Monitoring and Conservation

Drones are used for wildlife monitoring, forest conservation, and environmental research. They can collect data on wildlife

populations, track animal movements, and monitor environmental changes .

2.5. Delivery Services

Companies like Amazon and Google are testing drones for delivering goods to customers. Drones can potentially make

deliveries faster and more efficient, especially in congested urban areas .

2.6. Media and Entertainment

Drones are used for aerial photography and videography in films, news coverage, and sports events. They can capture

unique angles and perspectives that would be difficult or impossible to achieve with traditional cameras .

2.7. Military and Defense

Drones are used for surveillance, reconnaissance, and combat missions. They can gather intelligence, carry out strikes,

and perform other tasks without putting human lives at risk .

2.8. Healthcare

Drones are being explored for transporting medical supplies, especially to remote or hard-to-reach areas. They can

deliver medicines, vaccines, blood samples, and other medical supplies quickly and efficiently .

2.9. Scientific Research

Drones are used in various scientific research fields, including meteorology, geology, and archaeology. They can collect

data in hazardous or inaccessible areas, making them a valuable tool for researchers .

2.10. Real Estate

Drones are used in the real estate industry to capture aerial views of properties. This provides potential buyers with a

better perspective of the property, its surroundings, and features like the roof that is difficult to inspect from the ground .

Understanding the types and characteristics of UAVs is essential for comprehending their capabilities and operation

means that in order to fully grasp what UAVs are capable of doing and how they function, it is crucial to have knowledge

about their specific qualities and physical makeup.
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