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Abstract. Rogowski coil is a kind of high-precision current measuring tool, 

mainly used to measure Alternating Current (AC). It has been widely used in 

power systems, electronic equipment monitoring, and high current measurement. 

This paper systematically reviews the existing types of Rogowski coils. There 

are three commonly used Rogowski coils: traditional rigid Rogowski coils, 

flexible Rogowski coils, and PCB (Printed Circuit Board) Rogowski coils. 

Rogowski coils can be classified into self-integrating Rogowski coils and 

external-integrating Rogowski coils according to different integration methods. 

According to the different skeleton materials used, Rogowski coils can be 

classified into annular air-core Rogowski coils for measuring large amplitude 

currents and magnetic core Rogowski coils for measuring small amplitude 

currents. This paper mainly introduces the traditional air-core Rogowski coils, 

flexible Rogowski coils, and PCB Rogowski coils, and analyzes their basic 

principles, structural characteristics, and application scenarios. The advantages 

and limitations of each type of Rogowski coil in specific applications are further 

discussed. 
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1 Introduction 

In modern power systems and power electronic devices, current measurement is an 

important part of control system stability, equipment operation safety, and fault 

detection and protection. Traditional current measurement devices, such as current 

transformers and Hall effect sensors, although they perform well in many applications, 

are limited in performance under high frequency, transient current measurement, or 

high electromagnetic interference environments. For example, current transformers 

often suffer from nonlinear errors due to core magnetic saturation, while Hall effect 

sensors are limited by low bandwidth and sensitivity [1, 2]. To solve these problems, 

Rogowski coils have become an important development direction for high-performance 

current sensors due to their coreless design, wide bandwidth, and non-contact 

measurement capabilities [3, 4]. 

The basic principle of the Rogowski coil is based on Faraday's law of 

electromagnetic induction and Ampere's loop law. When the measured current changes, 
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the change in the surrounding magnetic field induces an electromotive force in the 

Rogowski coil, which is proportional to the rate of change of the current, and the 

original current waveform can be restored by integrating the circuit [1, 5]. Its coreless 

structure enables it to avoid magnetic saturation problems and exhibits extremely high 

linearity and accuracy in high-frequency and high-current measurements [6, 7]. In 

recent years, with the widespread application of new energy technologies, high-voltage 

transmission equipment, and power electronic switching devices, the demand for 

Rogowski coils has increased, and various types have gradually developed to meet the 

needs of different application scenarios [8, 9]. 

Due to the increasing demand for Rogowski coils in various applications, to solve 

the problems of weak anti-interference ability, low measurement accuracy, and poor 

stability of traditional Rogowski coils, many researchers have developed different 

Rogowski coils to meet the growing needs of different applications. Shen et al. 

proposed a rectangular PCB Rogowski coil suitable for industrial frequency AC 

measurement, and their experimental results verified that the designed coil can achieve 

stable and accurate current measurement and can be integrated with thermal release 

molded case circuit breakers [10]. Xu et al. proposed a twisted pair type four-layer 

printed circuit board (PCB) Rogowski coil with strong anti-interference and high 

bandwidth characteristics [11]. However, more accurate Rogowski coils suitable for 

different specific scenarios still need to be developed and studied. 

Starting from the definition and working principle of Rogowski coil, this paper 

reviews the existing main classifications, including air-core type, PCB type, flexible 

type, etc., and analyzes their respective advantages and disadvantages as well as their 

applicability in different application scenarios. By systematically summarizing the 

research progress in recent years, this paper aims to provide a theoretical basis and 

technical guidance for the further development of the Rogowski coil. 

2 Principle of Rogowski Coil 

The Rogowski coil is a coreless current sensor designed based on Ampere's loop law 

and Faraday's law of electromagnetic induction. When the measured current passes 

through the conductor, the magnetic field around it changes and generates an induced 

electromotive force in the Rogowski coil winding, which is proportional to the rate of 

change of the current: 

v(t) = −M
di(t)

dt
 (1) 

Where: v(t) is the induced voltage, M is the mutual inductance, which is related to 

the geometry and material of the coil. 
di(t)

dt
 is the time derivative of the current. The 

output voltage signal can be processed by the integration circuit to restore the original 

current waveform: 

i(t) = −
1

M
∫v(t)dt (2) 

Where i(t)is the original current, ∫ v(t)dt is the integral of the induced voltage over 
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time. Fig. 1 shows the measurement principle of the Rogowski coil. 

 
Fig. 1 Rogowski coil measurement principle diagram [11] 

This principle gives the Rogowski coil extremely high linearity and wideband 

characteristics, making it excellent in large current, high frequency, and transient 

current measurement [1, 2, 4]. Fig. 2 shows the structure of the Rogowski coil. 

 
Fig. 2 Structure of Rogowski coil [3] 

3 Classification and Application Characteristics of Rogowski 

Coil 

In recent years, according to different application requirements, Rogowski coils have 

gradually developed into various types, including air-core type, flexible type, and PCB 

type. Each type has its own advantages and limitations in structural design, performance 

characteristics, and applicable scenarios. 

3.1 Air-core Rogowski Coil 

The air-core Rogowski coil is the earliest developed form, which is characterized by a 

simple structure, low cost, and high linearity. Due to the coreless design, the air-core 
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coil can avoid magnetic saturation problems and is particularly suitable for transient 

measurement of large currents and short-circuit protection scenarios. The annular air-

core Rogowski coil has advantages that other current sensors do not have when 

measuring nanosecond pulse currents: the skeleton is not easily damaged, the response 

time is short, the impact on the main circuit is small, and it is safe, simple, and easy to 

manufacture [6]. However, due to its low sensitivity, the air-core coil has obvious 

shortcomings in small current measurements [1, 8]. Fig. 3 shows the structural 

schematic diagram of the air-core Rogowski coil. 

 
Fig. 3 Schematic Diagram of Air-core Rogowski Coil Structure [8] 

3.2 Flexible Rogowski Coil 

Flexible Rogowski coils usually adopt a hollow core structure with a flexible material 

such as silicone rubber as the skeleton. They are light, easy to bend, easy to install, easy 

to carry, and highly adaptable. Therefore, they are widely used in leakage current 

detection of overhead lines [3]. Their high sensitivity makes them excellent in the 

measurement of small currents in new energy equipment (such as photovoltaic and 

wind power systems) [7, 11]. However, flexible materials are susceptible to mechanical 

deformation, which may cause measurement errors. In addition, it is difficult for 

flexible Rogowski coils to achieve uniform winding and skeleton cross-sectional areas, 

and their ability to resist external magnetic field interference is weak, so their 

measurement accuracy and stability are low [3]. In addition, the durability and 

environmental adaptability of flexible coils need to be further improved [5, 9]. 

3.3 PCB Rogowski Coil 

There are three typical types of PCB-type Rogowski coils, namely two-layer, four-layer, 

and six-layer PCB-type Rogowski coils. PCB-type Rogowski coils use printed circuit 

board technology to achieve a compact and highly integrated design. This coil adopts a 

multi-layer PCB structure, which effectively improves the anti-interference ability and 

measurement accuracy, and is suitable for switching current measurements of high-

frequency power electronic devices [3, 6]. PCB-type Rogowski coils are drawn by 
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computer, which gets rid of the cumbersome manual winding process of traditional 

Rogowski coils, and can ensure the uniform winding of the coil and set the return turns 

of equal area, thereby improving its ability to resist external interference and 

measurement accuracy. In addition, the application of digital signal compensation 

technology can significantly reduce integral errors and improve the accuracy of low-

frequency measurements. However, due to the limitations of space size and 

manufacturing process, the number of turns of PCB Rogowski coils is relatively small 

[12]. The manufacturing cost of PCB-type coils is high, and performance fluctuations 

may occur under extreme temperatures [4, 9]. Fig. 4 shows the structure and equivalent 

circuit of PCB Rogowski coils. 

 

 
Fig. 4 PCB Rogowski coil structure and equivalent circuit [10] 

3.4 Self-Integrating Rogowski Coil 

Rogowski coils can be divided into self-integration and external integration modes 

according to their working modes. In the self-integration mode, the measured current 

can be output at a certain ratio. The self-integration type Rogowski coil simplifies the 

signal processing process by integrating the integration circuit into the coil. This design 

is particularly suitable for high-speed transient current measurement and high-

frequency pulse current monitoring [2, 6]. However, due to the limitations of the built-

in integration circuit, the self-integration type coil has poor performance in low-

frequency measurement and cannot meet the precise measurement requirements of 

some scenarios [8, 9]. Fig. 5 shows the basic structure of the self-integration type 

Rogowski coil.  
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Fig. 5 Basic structure of self-integrating Rogowski coil [6] 

4 Improvement of Rogowski Coil 

Rogowski coils do not have a magnetic core, so there is no problem with core saturation. 

They can be used to measure small currents and pulsed large currents. In addition, their 

measurement frequency band is very wide, ranging from a few tenths of a hertz to tens 

of megahertz, with higher measurement accuracy and a wider measurement frequency 

band. They have no direct electrical contact with the primary current loop being 

measured, ensuring personal and equipment safety. However, Rogowski coils can only 

have theoretically high accuracy when the cross-sectional area of the skeleton is 

consistent, the coil is wound evenly and densely, and a return turn is set. The actual 

Rogowski coil is easily affected by various interferences. Internal factors: inconsistent 

cross-sectional area of the skeleton, uneven winding of the coil; external factors: 

eccentricity of the primary current being measured, crosstalk of adjacent phase currents, 

and interference from external stray magnetic fields. Given these problems, research 

and improvement of Rogowski coils are still important issues [3]. 

Given the problem of insufficient sensitivity of air-core coils, it can try to combine 

signal amplification and optimization technology to improve their small current 

measurement capabilities. Given the current situation of insufficient durability of 

flexible coils, it can try to improve the mechanical strength and environmental 

adaptability of flexible coils by improving material science and technology. For PCB-

type Rogowski coils, it can try to reduce manufacturing costs while improving their 

temperature stability to adapt to extreme environments and optimize their performance. 

It can also develop intelligent applications, that is, combine artificial intelligence and 

digital compensation technology to develop an intelligent current monitoring system 

based on Rogowski coils to meet the needs of complex power environments. 
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5 Conclusion 

This paper comprehensively reviews the existing types, advantages and disadvantages, 

and applicable scenarios of Rogowski coils. By analyzing the principles and application 

characteristics of different types of Rogowski coils, such as air-core type, flexible type, 

PCB type, and self-integral type, the wide applicability and technical challenges of 

Rogowski coils in current measurement are revealed. Air-core coils are suitable for 

high-voltage transmission systems due to their simple structure and reliability of large 

current measurements, while flexible coils are ideal for small current monitoring of new 

energy equipment due to their high sensitivity and convenient installation. PCB coils 

achieve high-frequency and high-precision measurement through integrated design, 

which is particularly prominent in the field of power electronics, while self-integral 

coils have unique advantages in high-frequency transient measurement due to their 

efficient signal processing capabilities. 

Although Rogowski coil technology has made significant progress, it still faces the 

limitation of accuracy due to internal and external interference in practical applications, 

as well as the need for performance optimization under specific environments. Given 

the shortcomings of different types of coils, future research should focus on 

breakthroughs in material science, improvements in manufacturing processes, and the 

integration of intelligent technologies to develop high-performance current sensors that 

adapt to complex power environments. 

In conclusion, the Rogowski coil has become an indispensable core component in 

modern power systems and power electronic devices with its excellent wide-band, 

large-current, and high-precision measurement capabilities. In the future, by 

continuously improving its performance and applicability, the Rogowski coil will play 

an important role in a wider range of fields. 

References 

1. Shen, M., Wang, J., & Jiang, W.: 'Design of low-cost user-side current 

measurement sensor', Internet of Things Technology, 2024, 11, pp. 17-22. 

2. Zhao, D., Huang, J., Wang, Y., Wu, T., & Zhao, S.: 'Optimization design of wide-

band Rogowski coil sensor for capacitor busbar switching current measurement', 

Power capacitors and reactive power compensation, 2023, 04, pp. 5-11. 

3. Zhang, C., & Chen, W.: 'Current detection technology: principles, characteristics 

and applications', Magnetic materials and devices, 2022, 01, pp. 95-105. 

4. Gan, M., Hu, C., & Zhou, J.: 'Short-circuit current measurement design based on 

Rogowski coil', Metallurgical Power, 2022, 06, pp. 8-10. 

5. Zhang, H., Liu, X., & Wang, L.: 'A PCB Rogowski coil suitable for transient large 

current measurement of crimped IGBT', Electrical Technology and Economy, 

2023, 04, pp. 115-121+136. 



       

6. Wang, K., Wang, X., Zhai, J., Li, Z., & Zhang, Y.: 'Design and model analysis of 

nanosecond self-integrating Rogowski coil', Journal of Hebei University of 

Technology, 2024, 02, pp. 1-10+29. 

7. Wang, M.: 'Large current detection technology in calcium carbide production', 

China Chlor-Alkali, 2022, 08, pp. 58-62. 

8. Dupraz, J.P., Fanget, A., Grieshaber, W., & Montillet, G.: 'Rogowski coil: 

Exceptional current measurement tool for almost any application', Proceedings of 

the IEEE Power Engineering Society General Meeting, 2007, pp. 1–8. 

9. Samimi, M.H., Mahari, A., Farahnakian, M.A., & Mohseni, H.: 'The Rogowski 

coil principles and applications: A review', IEEE Sensors Journal, 2015, 15(2), pp. 

651–658. 

10. Yao, Y., Zhou, Z., Shi, Y., & Xin, Z.: 'Digital compensation strategy for integral 

error of PCB Rogowski coil current sensor', Power Science, 2024, 03, pp. 264-

271. 

11. Bao, A., Chen, M., & Li, X.: 'Design of flexible Rogowski coil for small current 

measurement', Ship Electronic Engineering, 2024, 03, pp. 212-218. 

12. Xu, Z., Ming, L., Shi, Y., Xin, Z., & Lu, B.: 'Switching current measurement of 

silicon carbide device based on twisted pair type four-layer PCB Rogowski coil', 

Journal of Electric Machines and Control, 2021, 12, pp. 46-57. 

  93The Existing Types, Advantages, and Disadvantages of Rogowski …    

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	The Existing Types, Advantages, and Disadvantages of Rogowski Coils and Application Scenarios



