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Abstract— This paper presents a pioneering approach to enhancing air quality by integrating drone technology with
electrostatic precipitators (ESPs) and artificial intelligence (Al). By mounting ESP units on autonomous drones, the
system achieves flexible, targeted removal of airborne particulates in diverse environments, including urban and
industrial areas. The incorporation of Al enables real-time monitoring, adaptive control, and optimized deployment
strategies, significantly improving the efficiency and responsiveness of pollution mitigation efforts. Experimental and
simulation analyses demonstrate that this hybrid solution offers superior particulate capture rates and operational
adaptability compared to traditional stationary ESPs. This innovative fusion of aerial mobility, electrostatic filtration, and
intelligent data processing provides a scalable, smart framework for dynamic air quality management.
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I. INTRODUCTION

All Air pollution remains one of the foremost challenges affecting global environmental health, with a direct impact on human
well-being, ecosystems, and climate change. Conventional air filtration and purification methods, primarily characterized by
stationary systems such as fixed electrostatic precipitators (ESPs), often struggle to address dynamic pollution sources and spatial
variability effectively. These traditional systems lack the mobility and real-time adaptability essential to respond promptly to
varying pollution levels, especially in complex urban and industrial environments.

Recent advancements in unmanned aerial vehicle (UAV) technology have introduced new possibilities for environmental
monitoring and active intervention. Drones provide an agile platform capable of reaching remote, elevated, or hazardous areas,
which are otherwise difficult to service with fixed air quality management infrastructure. By integrating sophisticated sensor suites,
drones are now pivotal in collecting high-resolution environmental data over large geographical areas.

Complementing this mobility, the incorporation of advanced artificial intelligence (Al) algorithms offers transformative benefits
in analyzing sensor data, predicting pollution trends, and optimizing actionable responses. Al-powered control systems enable
dynamic adjustment of air purification operations, ensuring targeted pollutant removal with enhanced energy efficiency and
effectiveness.

This paper proposes a novel concept that synergizes drone technology, electrostatic precipitation, and Al to revolutionize air
quality management. By mounting ESP modules on autonomous drones, the system combines the mechanical filtration efficiency
of ESPs with the spatial flexibility of UAVs and the data-driven intelligence of Al. The resulting framework promises a scalable,
adaptable solution capable of real-time pollutant tracking and mitigation, thereby exceeding the capabilities of traditional fixed
installations.

Through detailed analysis and simulation, the proposed approach demonstrates significant improvements in particulate matter
capture and system responsiveness. This integration not only addresses existing limitations but also paves the way for futuristic,
smart environmental management frameworks essential for sustainable urban development and industrial operation.

Il. WORKING PRINCIPLE OF ELECTROSTATIC PRECIPITATOR

Electrostatic precipitators (ESPs) operate by charging particulate matter and collecting it onto oppositely charged plates.
This method achieves high-efficiency particulate removal from gas streams without significant pressure drop. The collection
efficiency () of an ESP is given by the formula:

n=1-eN-(WAQ)}

where 1) is the collection efficiency, w is the migration velocity (cm/s), A is the effective collecting electrode area (m?), and Q
is the volumetric flow rate of gas (m?3/s).
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I1l. PROPOSED SYSTEM DESIGN

The proposed system integrates ESP modules on autonomous drones equipped with sensors and Al capabilities. The drones
dynamically position the ESPs in polluted zones, while Al algorithms process sensor data to optimize operational parameters and
deployment routes. This integration enables efficient, real-time, and adaptive air cleaning. The system architecture is illustrated in
Figure 1.
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Figure 1: System Architecture of Drone-Assisted ESP with Al Integration

IV. METHODOLOGY

Drones carry ESP units and collect air quality data through embedded sensors. Al models analyze this data for pollution
prediction and system optimization, adjusting drone flight paths and ESP activation accordingly. The operational flow is shown
in Figure 2.
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Figure 2: Operational Flowchart of the Intelligent Air Quality Enhancement System

V. RESULTS AND DISCUSSION

The proposed drone-assisted ESP system demonstrates significant advantages over traditional stationary methods. The mobility
allows targeting of high-pollution zones, while Al-driven optimization ensures efficient resource utilization. Preliminary
simulations indicate improved particulate capture efficiency and faster response to pollution events.

VI. CONCLUSION

This innovative integration of drone mobility, electrostatic precipitation, and Al-driven adaptive control offers a scalable and
effective framework for improving air quality in urban and industrial environments. The system's flexibility and intelligence
surpass traditional stationary ESPs, promising enhanced pollution mitigation and environmental protection.
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