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Abstract: With the rapid development of modern technology, the widespread use of electronic 

equipment makes electromagnetic interference (EMI) problems intensify, electromagnetic 

compatibility (EMC) is increasingly important. This article first describes the basic concepts 

of EMI and EMC. The generation and propagation mechanism of EMI are specifically 

introduced. It reviews the development history of EMC, from the early simple shielding 

method to today's multi-layer shielding, high-performance filtering and other complex 

technologies. Then discuss its applications in wireless communications, such as building 

models to solve RF desensitization, addressing EMI challenges in OAM mode 

communications, and conducting EMC analysis of 5G technology to help spectrum 

management. In the field of new energy vehicles, EMC also plays an important application 

in ensuring safety. Finally, it discusses the current EMC and EMI challenges such as spectrum 

tension and interference in wireless systems and introduces the latest research results such as 

new modulation techniques and signal processing methods. In conclusion, this article 

comprehensively analyses EMC and EMI related contents, and systematically summarizes 

some research results from the main developments and applications in recent years, providing 

a reference for dealing with related issues. 

Keywords: Electromagnetic interference, Electromagnetic compatibility, Wireless 

communications, New energy vehicles 

1. Introduction 

With the rapid development of modern technology, electronic devices are widely used in various 

fields, but the problem of electromagnetic interference (EMI) is becoming increasingly serious. EMI 

may lead to data errors, degradation of equipment performance, system failure or equipment damage 

[1]. With so many electronic devices operating in close proximity, it is critical to ensure that each 

device operates properly in an electromagnetic environment without causing intolerable interference 

to other devices. The aim of the article is to provide a comprehensive analysis of EMC and EMI, 

which will help the reader to understand the main elements of EMC and EMI initially. 

The article first describes the basic concepts of EMC and EMI. EMI can be in the form of 

conducted or radiated interference, and it poses significant threats to the normal operation of 

electronic devices. EMC, on the other hand, requires devices to operate within the limits of the 

electromagnetic environment and be immune to a certain degree of interference. It also reviews the 

specific evolution of the means of response to EMI in the course of history, from simple shielding 
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methods to more advanced techniques. The article goes on to discuss the application of EMC and 

EMI in wireless communications, such as constructing efficient models to solve RF desensitization 

problems, dealing with EMI challenges in OAM mode communications, and performing EMC 

analysis to aid spectrum management in 5G technology. In the field of new energy vehicles, the article 

emphasizes that the large number of electronic components makes them highly demanding in terms 

of EMC and interference immunity. Traditional methods such as filtering, shielding and PCB layout 

optimization can solve some of the EMI problems. Finally, the article discusses current EMC and 

EMI challenges, such as spectrum straining and EMI issues in wireless systems, and presents the 

latest research results, including new modulation techniques and signal processing methods to meet 

complex EMC specifications. 

2. Basic concepts of EMC and EMI 

2.1. Discovery and fundamentals of EMI 

EMI is a phenomenon in an electronic device or system, which causes performance degradation or 

function failure because of electromagnetic fields. EMI can be generated by various sources, like 

power lines, radio transmissions, electrical equipment operation, and even natural phenomena such 

as lightning. EMI may lead to data errors, equipment performance degradation, system failure or 

equipment damage [1]. EMI is an electromagnetic phenomenon long - recognized. In 1881, the British 

scientist Heaviside published the article “On Interference”, marking the start of interference study.  

EMI is mainly a process where external electromagnetic fields change, propagate through 

conductive media or space, then couple with working electronic equipment, thus affecting its normal 

work. The article further describes this process specifically. EMI is categorized into two forms: 

conducted and radiated [2]. After an interference signal is generated in a circuit, it propagates along 

the wires connecting the circuits. The other is radiated conduction, which mainly comes from 

electromagnetic waves. When a charge is accelerated, a changing electric field is produced. 

According to Faraday's law of electromagnetic induction, this changing electric field induces a 

rotating magnetic field.  

 𝛻 × 𝐸 = −
𝜕𝐵

𝜕𝑡
 (1) 

where E means electric field strength, B means magnetic induction, t means time. Similarly, 

according to Ampere's law with Maxwell's correction term, a varying magnetic field induces a 

rotating electric field. 

 𝛻 × 𝐻 = 𝐽 + 𝜀0
𝜕𝐸

𝜕𝑡
 (2) 

where H means magnetic field intensity, J means displacement current density. When a varying 

electric field produces a varying magnetic field, and that varying magnetic field produces a varying 

electric field, the two fields excite each other, creating a self-sustaining wave-like propagation pattern. 

This pattern is an electromagnetic wave. When radiated interference reaches an electronic device, it 

induces voltages and currents on conductors within the device. According to Faraday's Law of 

Electromagnetic Induction, a varying magnetic field produces an induced electromotive force in a 

closed loop, which generates a current. An electric field acting on a conductor redistributes the charge 

on the conductor, creating a voltage difference. These induced voltages and currents may be 

superimposed on the original normal signals within the equipment, interfering with the normal 

operation of the equipment. For example, external EMI may cause the signal from an audio amplifier 

to become noisy, affecting the sound quality. 
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2.2. Concept of EMC 

Electromagnetic compatibility (EMC) is the ability of a device or system to operate in compliance 

with the requirements of its electromagnetic environment and not cause intolerable electromagnetic 

interference to any equipment in its environment. EMC includes two requirements: on the one hand, 

it refers to the normal operation of the equipment in the process of the environment cannot exceed a 

certain limit of electromagnetic interference; on the other hand, it is referred to as the apparatus of 

the environment where the existence of electromagnetic interference has a certain degree of immunity, 

i.e. electromagnetic sensitivity. A certain degree of immunity, that is, electromagnetic sensitivity.  

2.3. Historical Development of EMC 

With the emerging use of electric light in the mid-19th century, the development of long-range 

wireless telegraphy in the late 19th century, and its adoption by the U.S. military soon afterward, led 

to the need for EMC testing. In the early days of wireless telegraphy, the U.S. Navy reported an 

inability to receive intelligible information when multiple transmitters were used simultaneously. 

This was because the transmitters were all tuned to the same operating frequency, a problem that was 

relatively easy to solve. However, the problem demonstrated to observers the need to monitor these 

new technologies being developed and how they interacted with each other, especially as the general 

public began to integrate electronic devices into their daily lives. As a result, laws were adopted by 

various Western governments in the late 19th century, and the International Electrotechnical 

Commission (IEC) was formed in 1906, quickly becoming the leading advocate for EMC testing and 

standardization.  

In response to electromagnetic interference, simple means of shielding began to be used. For some 

sensitive equipment, such as early telegraph communication equipment, the use of metal shells for 

wrapping. This metal shell can play a certain role in electromagnetic shielding, the principle is to use 

the metal on the electromagnetic signal reflection and absorption, to prevent external electromagnetic 

interference into the internal equipment [3]. However, different electronic devices work in different 

frequency bands, a single shielding material is difficult to meet the requirements of effective shielding 

of electromagnetic interference in a wide frequency band, prompting technicians to explore multi-

layer shielding structure. Such as the combination of inner layer of copper foil outer layer of 

aluminum shell to cope with a variety of frequencies of electromagnetic interference. 

Around the 1980s, almost at the same time as the initial application of multi-layer shielding 

structure, for the low-frequency magnetic field shielding effect is not good, based on the low-

frequency magnetic field characteristics and magnetic materials electromagnetic properties of in-

depth study, began the shielding material in the addition of magnetic materials to explore. Magnetic 

materials, such as ferrite and amorphous alloys, have a high permeability that provides a low 

impedance path for electromagnetic interference signals as they pass through, thereby directing these 

signals into the magnetic material. The decrease in permeability of the magnetic material results in a 

decrease in the inductive component of the inductor, but at the same time the losses in the core 

increase and the resistive component increases, resulting in an increase in the total impedance. In this 

way, as the signal passes through the magnetic material, the electromagnetic interference is absorbed 

and converted into dissipated energy in the form of heat. 

In the 1980's - 1990's, as the power purity requirements of electronic equipment increased, 

significant efforts were made to develop high-performance filters on power lines. Filters are designed 

with the impedance characteristics of the circuit in mind, and by matching the impedance of the input 

and output ports to reduce reflected signals and ensure that signals can be transmitted efficiently. 

Starting in the 1990s, with the gradual maturation of Surface Mount Technology (SMT), the 

miniaturization of filtering components had a technological basis. The use of miniaturized inductive 
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and capacitive components to build filters began to be experimented with in small electronic devices 

such as cell phones, the predecessor of cellular phones [4]. 

In the 1980s, with the PCB electromagnetic radiation mechanism of in-depth study, began to 

recognize the importance of reasonable division of power and ground layers. In some simple digital 

circuit PCB designs, attempts were made to set the power and ground layers next to each other to 

reduce electromagnetic radiation. In the 1980s - 1990s, attempts were made to use different layout 

strategies in multilayer PCB designs. 

In the early 21st century, with the development of computer technology and electromagnetic 

simulation algorithms, electromagnetic compatibility analysis software began to be applied to PCB 

design. In the design stage, it is possible to predict and optimize the EMC of PCB more accurately 

[5]. At the same time, EMC is also moving towards standardization, the International Special 

Committee on Radio Interference (CISPR) and the U.S. Federal Communications Commission (FCC) 

and other organizations to develop standard test methods. For the test of radiated interference, the 

requirements of the test site, the type of antenna and the placement position are determined. Historical 

Development of EMC is shown in Figure 1. 

 

Figure 1: Historical Development of EMC 

3. Specific applications of EMC and EMI 

3.1. EMC/EMI management in wireless communications 

EMC has a wide range of applications in dealing with EMI in our daily lives. Among them wireless 

communication is what we experience every day. Modern wireless communication equipment usually 

integrates a large number of digital circuits, and these circuits generate different levels of 

electromagnetic noise during operation. If these noises are not effectively controlled, they can easily 

interfere with the wireless receiver in the same device and reduce its sensitivity. How to avoid these 

noises is extremely important. 

One of the first steps to solve this problem is a complete EMI measurement setup for better 

optimization. In modern highly integrated electronics, ICs have complex structures and involve 

intellectual property protection, and traditional models that include all geometries and dedicated 

sources are computationally overloaded and require knowledge of the IC supplier's intellectual 

property information, which is not feasible in practice. After reading some related papers, Chulsoon 

Hwang's paper presents an efficient model that provides an intuitive and effective tool for analyzing 

RF desensitization. In the paper, a dipole moment-based noise source model is constructed, which 

does not rely on the proprietary information of the IC. In this study, the equivalent dipole moment 

method is used to represent any current carrying wire as a Hertzian dipole, and the IC can be replaced 
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by a set of magnetic and/or electric dipole moments located in the XY plane, which radiate the same 

electromagnetic field as the original source. The dipole moment sources are reconstructed by near-

field scanning. The electric and magnetic dipoles are first assumed to be tiny linear wires (satisfying 

certain conditions), and a two-step procedure is followed to determine the magnetic and electric 

vector potentials and hence the electromagnetic field [6]. The estimation errors of the primary and 

secondary antennas in the RF desensitization model validation experiments in cell phones are mostly 

within 5 dB. 

Meanwhile, with the development of wireless communication technology and the increasing 

demand for higher data rates, OAM modes have received much attention as a potential method to 

increase data rates. OAM modes are different from common plane waves with spiral field distribution. 

They can be used as multiple independent communication channels, thus promising to increase the 

data rate in wireless communications [7]. In some environments, OAM modes are orthogonal in 

wireless communications, meaning that they can be excited and received independently. However, 

OAM modes have considerable challenges when it comes to EMI, and this is where the application 

of EMC becomes particularly important. For example, in OAM mode wireless communication, 

crosstalk mainly originates from acyclic symmetry [8]. When the corridor or array elements of a non-

ideal structure are changed from radial to horizontal alignment, the orthogonality between the modes 

is destroyed, resulting in crosstalk. To solve the crosstalk problem, the effect of symmetry can be 

reduced by adjusting the geometry and orientation of the antenna array. In communication 

environments with reflective surfaces, such as above conductive ground, reflections from OAM 

patterns occur, and to mitigate the effects of reflections, the method of focusing the OAM patterns 

can be adopted to make the signal transmission more concentrated and reduce the possibility of 

reflections [8]. By studying and applying these aspects, the impact of EMC issues on OAM mode 

wireless communications can be effectively managed and mitigated, and the performance and 

reliability of the system can be improved to better utilize the potential of OAM mode to enhance data 

rates in wireless communications. 

As the latest 5G technology, new solutions are needed to face EMI. 5G has huge advantages over 

the past, such as high speed and low latency. However, the fundamental characteristics of 5G 

millimeter wave technology determine its limited penetration, and there are higher requirements in 

base station deployment to achieve the best results. Under the common 6700 - 7075 MHz band 

interference, EMC analysis can be used to derive the short and long term interference separation 

distances required to achieve compatibility between 5G networks and FSS earth stations in cross-

border scenarios. Monte Carlo analysis simulations are used to estimate the interference level of the 

5G network to the FSS earth station using the Interference - Noise (I/N) protection criterion. We can 

conclude that the separation distances required to achieve compatibility between 5G networks and 

FSS earth stations in cross-border scenarios are 26 - 20 km for short-term interference and 23 - 19 

km for long-term interference, which is important for spectrum management and future 5G 

deployment planning [9]. 

3.2. EMC/EMI and its Safety in New Energy Vehicles 

Electric vehicles are also a rapidly developing field in the past few years. Electric vehicles have the 

advantage of being clean and environmentally friendly, effectively reducing carbon emissions. 

However, compared with the internal combustion engine structure of traditional automobiles, electric 

vehicles use a large number of electronic components and high energy density battery systems, which 

makes electric vehicles have higher safety requirements and anti-interference capabilities in the 

variable electromagnetic environment. 

According to the introduction above, we know that one of the main moments to generate EMI is 

when the circuit is turned on and off. And the ignition system of the electric vehicle engine will 
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generate strong electromagnetic pulse, if the power system does not have good EMC performance, it 

may interfere with the normal operation of the on-board electronic equipment. Which filtering, 

shielding and PCB layout optimization and other traditional methods in circuit design are still the 

main methods to solve the EMI problems of electric vehicles. For example, in the design of obtaining 

24V DC power from a three-phase 415V AC power line, adding a common-mode filtering circuit in 

the circuit of the input stage can effectively suppress common-mode EMI, preventing external 

common-mode interference from entering the internal circuitry of the power supply, and also 

reducing the impact of common-mode noise generated by the internal circuitry on the outside world. 

In some of the higher EMI suppression requirements of the power supply design, you can also use 

two or more levels of filtering structure. This can achieve excellent noise suppression over a wide 

frequency range. Reasonable component layout can also reduce the generation and propagation of 

electromagnetic interference. For example, in power supply designs using buck converter integrated 

circuits (ICs), bypass pin capacitors are placed as close as possible to the source and bypass pins, and 

LinkSwitch - TN2 components are laid out away from the AC input line to improve the EMC 

performance of the entire power supply circuit [10]. 

Another key component of an electric vehicle is the drive motor. The electric drive system is new 

and consists of a high-voltage power supply, an inverter, a motor, and shielded or unshielded high-

power cables. If it is treated as a conventional automotive component and subjected to EMI test 

procedures and conventional emission limitation requirements, serious incompatibility problems can 

arise. Based on previous studies, it has been found that in electric drive systems, power electronics 

systems (such as insulated gate bipolar transistors IGBTs in power converters) are the main source of 

EMI generation. The use of simplified equivalent circuits to predict EMI in high power density 

inverters has proven to be effective. The high-frequency representation of motors, which has been 

studied for other applications over the years, can be applied to EMI prediction for electric vehicles 

[11]. This series of results lays a solid theoretical foundation for the research, development and testing 

of electric vehicles, and helps to promote the continuous optimization of electric vehicles in terms of 

EMC and other aspects, thus enhancing the overall performance and safety of electric vehicles. 

4. EMC/EMI Challenge and Recent studies 

Spectral strain is one of the major problems facing electromagnetic compatibility nowadays. Spectral 

line tension refers to the overlapping or close proximity of the operating frequencies of multiple 

electronic devices or systems within a limited frequency resource, which may lead to the exacerbation 

of electromagnetic interference problems. When multiple devices share similar frequencies, the 

interference signals they generate may be superimposed on each other, resulting in signals that would 

not otherwise cause interference when each is used individually to cause interference at the shared 

frequency, thus affecting the normal operation and performance of the equipment, especially when 

the frequency of the interference signal is very close to the operating frequency of the equipment, the 

immunity of the equipment may be reduced, thus increasing the risk of interference to the equipment 

The risk of interference with the device is increased. 

Facing these problems, in Sergey Loyka's paper, a transient quadrature technique is proposed for 

analyzing EMI problems in wireless systems and networks [12]. The authors point out that currently 

mutual interference between wireless systems is considered in a simplified way mainly at the 

frequency planning stage, where instead of using a comprehensive transmit and receive model, only 

some basic parameters are considered. This approach does not guarantee that EMI can be avoided in 

any scenario. This thesis finds a computationally efficient behavioral-level numerical simulation 

approach at the theoretical level, aiming to combine orthogonal modeling techniques and discrete 

techniques to construct a simulation technique capable of modeling the behavior of circuits or systems 
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over a wide range of frequencies and dynamics, taking into account the AM - AM (envelope 

magnitude - amplitude) and AM - PM (envelope amplitude - phase) conversions [12].  

At the same time, due to the limitations of the complete EMC specification, constraining and 

processing the spectral lines to meet the EMC specification is also a low-cost solution. A recent 

research paper points out the limitations of pulse-shaping orthogonal frequency division multiplexing 

(PS - OFDM) currently used in meeting complex EMC specifications, which can significantly limit 

the signal amplitude, require the closure of more sub-channels and affect the system capacity. Instead, 

the new paper introduces a Pulse Shaping Circular Block Filtered Multitone Modulation (PS - CB - 

FMT), which is first obtained by replacing linear convolution with circular convolution to obtain 

Circular Block Filtered Multitone Modulation (CB - FMT) from a general multicarrier modulated 

signal expression [13]. Pulse shaping is performed on top of the CB - FMT to obtain the PS - CB - 

FMT. At the receiving end of the PS - CB - FMT, the cyclic prefix (CP) is first removed, and then, 

for each subchannel, a cyclic convolution is performed between each block of received coefficients 

and an analyzed prototype pulse matched to the synthesized pulse. This cyclic analysis filter bank can 

be implemented in the frequency domain using a series of Discrete Fourier Transforms (DFTs) and 

the minimum mean square error equalization is achieved directly in the frequency domain for each 

sub-channel [13]. It is able to better meet the specification requirements, thus increasing the system 

capacity and solving the problem of increasing the PLC system capacity while meeting the EMC 

specifications. 

5. Conclusion  

This article comprehensively analyses the basic concepts, historical development, specific 

applications and current challenges of Electromagnetic Compatibility (EMC) and Electromagnetic 

Interference (EMI). The development of EMC has gone through a process from simple shielding to 

complex technologies, including the application of multilayer shielding structures and high-

performance filters. In the field of wireless communication, the new OAM mode and spectrum 

management in 5G technology put forward higher requirements for EMC. In the field of new energy 

vehicles, due to the use of a large number of electronic components, traditional EMI solutions have 

been emphasized and integrated for application. With the continuous advancement of technology, the 

EMC field is facing challenges such as spectrum tension and mutual interference between wireless 

systems. This article integrates and summarizes new modulation techniques and signal processing 

methods proposed in recent research to meet complex EMC specifications. 

Looking ahead, EMC research needs to continue to adapt to technological developments. As the 

number of electronic devices increases and their functionality becomes more complex, EMC design 

must become more intelligent and automated to cope with the growing EMI problem. In addition, 

more interdisciplinary research is needed to address these challenges, which requires experts from a 

variety of disciplines, including electrical engineering, materials science, and computer science, to 

work together. At the same time, as global awareness of EMC issues increases, we can expect to see 

more international co-operation and the development of harmonized standards to promote technical 

compatibility and safety in the global market. Through these efforts, we can ensure the reliability and 

performance of electronic equipment in complex electromagnetic environments while protecting 

against the potential risks of electromagnetic interference. 
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