
 

 

International Conference of Young Professionals “GeoTerrace-2025” 

6-9 October 2025, Lviv, Ukraine 

GeoTerrace-2025-045 
 

Advanced Measuring System for Atmospheric Electrostatic Field 

Monitoring in IoT-Based Environmental Application 

*O. Pazdrii, O. Povshenko  

(National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”) 

SUMMARY 

 

The study presents the development of an improved information-measuring system for monitoring 

atmospheric electrostatic field strength, designed for integration into Internet of Things frameworks 

for environmental monitoring and anomaly detection. Conventional instruments for electrostatic field 

measurements are primarily oriented toward high field levels and demonstrate significant errors in the 

range below 1 kV/m, which restricts their applicability for environmental monitoring tasks. 

Additional limitations include low noise immunity, large dimensions, and the lack of compatibility 

with modern digital data acquisition systems. The proposed configuration of the Electrostatic Field 

Mill enables measurements of atmospheric electrostatic field strength with a resolution of 1–2 V/m 

and a relative error of less than 1%. The paper introduces the generalized structure of the improved 

information-measuring system and highlights its functional advantages. The core idea of the study is 

the integration of the electrostatic field mill as a sensor element into IoT-based systems to establish 

spatially distributed monitoring networks. The proposed framework includes wireless data 

transmission, data aggregation, and subsequent visualization through geographic information 

platforms. This approach lays the foundation for distributed sensor networks capable of providing 

early detection of atmospheric and geophysical anomalies, as well as monitoring electrostatic risks in 

industrial environments. 
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Introduction 

 

Monitoring the atmospheric electrostatic field (EF) has become increasingly important in recent 

decades due to its strong connection with environmental processes, climate dynamics, and 

geophysical phenomena (Anisimov, Galichenko & Aphinogenov, 2018). The Earth’s atmospheric 

electric field is influenced by global electrical circuits, cloud formation, ionospheric conditions, and 

the accumulation of surface charges (Markson, 2007; Liu, Williams, Zipser & G. Burns, 2010). 

Variations in the strength of EF often serve as indicators of larger processes, such as changes in 

weather patterns, the approach of thunderstorms (Antunes de Sá et al., 2020; Wilson, Cummins, 

2021), or even precursors of seismic activity (Su, Chen, 2023). Moreover, the atmospheric EF is 

regarded as a valuable parameter in long-term studies of climate change, as its variations reflect shifts 

in atmospheric conductivity and aerosol concentrations (Harrison, 2018). 

 

For these reasons, it is essential to implement modern systems capable of integrating into Internet of 

Things (IoT) frameworks, which not only contribute to a deeper understanding of atmospheric physics 

but also provide early-warning capabilities for hazardous natural events. 

 

For these tasks, electrostatic field mill (EFM) is widely used. Electrostatic field mill is a variable 

capacitance electrometer, meaning it measures the local ambient electric field at a location through the 

charge accumulated on the surface of the measuring plate (Yamashita et al., 2022). Existing EFM 

configurations demonstrate high sensitivity and resistance to external interference over a wide 

dynamic range (Povschenko, Bazhenov, 2023); however, their accuracy in the range below 1 kV/m 

still remains insufficient. 

 

To address this limitation, measurement precision was improved through the new approach to 

determining the optimal configuration and structure parameters of the EFM sensor was proposed and 

substantiated in previous studies, which allowed to increase its sensitivity and reduce the instrumental 

measurement error (Bazhenov, Pazdrii & Bohdan, 2023). 

 

In this study, the use of an improved EFM as a sensor for measuring EF strength within IoT-based 

systems is proposed to enable the establishment of spatially distributed monitoring networks. In 

addition, a generalized structure of the improved information-measuring system (IMS) has been 

developed. 

 

Method 

 

In the structure of most of the existing IMS of the EF strength, analog signal conversion circuits 

prevail (Antunes de Sá et al., 2020; Cui, 2016), which have a number of shortcomings and 

imperfections. These include: sensitivity to external influences, limited noise immunity, limited 

accuracy, complexity of setup and maintenance, production cost, susceptibility to signal distortion. 

 

The main quantitative parameter that characterizes the quality of the measurement system is the signal 

to noise ratio (SNR). To improve the value of this system parameter, it is necessary to increase the 

value of the useful signal and reduce the root mean square value of the total noise. There are several 

ways to increase the SNR value: increasing the useful signal by improving the sensitivity of the sensor 

and reducing the noise of the measurement circuit. Therefore, based on the considered systems for 

measuring the strength of the EF, it was proposed to develop our own improved IMS. 

 

The paper proposes the following method for to improve the information and measurement system of 

the electrostatic field strength, it is proposed: 

• To replace the amplitude detection block, which was implemented by an analog circuit, with a 

digital algorithm of the amplitude analyzer of the signal range, which will allow to reduce 

noise and eliminate nonlinearities that arose in the analog circuit, as well as reduce the cost of 

manufacturing and the overall level of energy consumption of the device. 
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• To add a self-calibration circuit of the analog circuit of the device circuit, which will allow to 

take into account the nonlinearity of the analog part of the device and take into account the 

systematic measurement error when calculating the result. 

• To add a gain block with a controlled gain coefficient, which will allow to reduce the 

influence of the quantization error at low signal levels. It is proposed to implement the gain 

adjustment programmatically, which will allow to dynamically change its value. With its help, 

it is possible to keep the signal level within the ADC operating range, thereby reducing the 

quantization error. The gain value is stored in the controller's memory and is used when 

calculating the electrostatic field strength. 

 

To extend the applicability of the developed system, its integration into distributed sensor networks 

(DSNs) (Seng, Ang, & Ngharamike, 2022) for environmental monitoring is proposed. Each unit, 

equipped with an EFM sensor and IoT connectivity, can operate autonomously while transmitting 

data wirelessly to a central platform. 

 

Results 

 

The proposed design of the improved IMS of atmospheric EF strength combines hardware and digital 

signal processing improvements, aimed at enhancing noise immunity, accuracy, and adaptability for 

integration into IoT-based frameworks. The generalized structural diagram of the improved IMS of 

the EF strength is shown in Figure 1. 

 

 
Figure 1. Improved information-measuring system of the electrostatic field strength 

 

The system consists of three main parts: the sensor construction, the analog circuit, and the digital 

circuit. The sensor is based on an electrostatic field mill, incorporating a rotating shield driven by a 

motor, with an optical encoder for precise rotation control. A proportional-integral-derivative (PID) 

controller implemented on a microprocessor regulates the motor speed, ensuring stable measurement 

conditions and compensation for drift. 

 

The analog circuit includes a multiplexer, current-to-voltage and voltage-to-current converters, a 

band-pass filter, and a programmable-gain amplifier (PGA). This design enables two operating 

modes: measurement and calibration. In measurement mode, signals from the sensor are converted, 
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filtered, amplified, and digitized. Calibration mode allows the injection of test signals to identify 

nonlinearities and systematic errors, which are later compensated during data processing. 

 

The digital circuit is based on a microprocessor with analog-to-digital and digital-to-analog 

converters. A post-processing algorithm was developed, consisting of: polarity detection, resampling 

and averaging, digital band-pass filtering, amplitude analysis, and final computation of electrostatic 

field strength with systematic error compensation. 

 

This approach minimizes analog dependencies, reduces overall power consumption, and enables 

firmware updates for deployed devices. The proposed DSN (Figure 2) architecture consists of: 

1. Local sensor nodes (based on the improved system) for measuring electrostatic field strength in real 

time. 

2. Wireless communication modules (e.g., LoRaWAN, Wi-Fi, or 5G) enabling data transfer to 

regional hubs. 

3. Regional hubs for preliminary data aggregation, storage, and synchronization. 

4. A cloud-based platform with geographic information system (GIS) integration, providing 

visualization, anomaly detection, and predictive modeling capabilities. 

 

 
Figure 1. Proposed Distributed Sensor Networks architecture. 

 

This architecture allows spatially distributed monitoring of atmospheric EF strength, improving early-

warning systems for natural hazards such as thunderstorms, geomagnetic disturbances, or seismic 

precursors. It also facilitates long-term environmental studies related to atmospheric electricity and 

climate change impacts. 

 

Conclusions 

 

The study demonstrates that the integration of the improved IMS into DSNs within IoT frameworks 

provides a scalable solution for real-time spatial monitoring of atmospheric EF. The proposed DSN 

architecture enables autonomous operation of local sensor nodes, wireless data transmission to 

regional hubs, and centralized processing with GIS-based visualization and predictive analytics. 

 

Furthermore, improving the architecture of EFM–based IMS through a combination of hardware 

optimization and digital signal processing significantly increases the accuracy and noise immunity of 

atmospheric EF monitoring. The replacement of analog amplitude detection with a digital algorithm, 

the inclusion of a self-calibration circuit, and the implementation of a programmable gain block 

reduce measurement errors, enhance sensitivity in the low-field range, and lower energy consumption. 

Such systems contribute to advancing environmental monitoring by offering early-warning 

capabilities for hazardous natural events (e.g., thunderstorms, geomagnetic disturbances, or seismic 
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precursors) and by supporting long-term studies of climate change through continuous observation of 

atmospheric electricity parameters. 
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