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Abstract 

There are an increasing number of modern power electronic systems installed in electric vehicles, 

renewable-energy converters, wireless charging system, microgrids, industrial automation and high-

density embedded power supplies. Thirdly, high-frequency switching can improve power density and 

efficiency; however, it would generate conducted and radiated electromagnetic interference (EMI), 

which is possibly to distort control signals, disturbing communication links, threatening EMC 

requirements [1]–[4], as well as enhancing human weakness to the electromagnetic field. In this paper, 

we propose an academic methodology of electromagnetic compatibility and radiation reduction for new 

power electronic systems by the unification of EMI source modeling, standards mapping, mitigation 

techniques and evaluation indicators as a design process. We also summarize key EMI generation 

mechanisms, such as switching transients, coupling through parasitic capacitances, common-mode 

currents in electrical networks and radiation from cables and resonant structures. It additionally correlates 

applicable EMC standards such as CISPR 11/25, IEC 61000 series, FCC Part 15 and ICNIRP exposure 

limits to quantifiable design constraints. The proposed framework synergistically combines passive and 

active mitigation strategies including EMI filtering, shielding, grounding, layout optimization, snubber 

circuits among the major factors (soft-switching), random and spread spectrum PWM as well as model 

predictive control etc., light weight shields. Conducted-emission measurement with a Line Impedance 

Stabilization Network (LISN), near-field electric and magnetic probes, frequency-domain analysis and 

standards-compliance assessment are also proposed as validation methodologies [6]. The paper ends at 

the conclusion that EMC should be a design objective in early stages rather than a post-design 

implementation. This standards-approach will allow next-generation power electronic systems to achieve 

reduced redesign cost, increased reliability, and ultimately easier regulatory compliance. 
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1. Introduction 

Power electronic systems are the technology base for modern energy conversion. They are employed in 

electric vehicles, battery chargers, photovoltaic inverters, wind-energy converters, motor drives and 

many others like data centers, industrial automation, aerospace systems and smart grids. They have 

rapidly become preferred solutions to meet the demand for efficient energy conversion, compact design, 
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flexible control, and integration within intelligent electrical networks.  While they carry these benefits, 

power electronic converters are also a significant source of electromagnetic disturbance. The switching 

process in the MOSFETs, IGBTs, SiC and GaN devices yields a strong transience of voltage and current. 

These transitions create high-frequency harmonic content that can be propagated through cables, printed 

circuit boards, chassis structure and in free space. The EMI that results can interfere with sensor, control 

electronics, communication systems, biomedical devices, aircraft electronics, or vehicle networks up to 

many meters away. 

 

Electromagnetic compatibility is when a system can function properly in its electromagnetic environment 

with the absence of causing or receiving an unacceptable level of disturbance from other systems. EMC 

with individual components is fairly trivial because noise is not the sole product of a single part [7]. 

While there are many factors that affect this behavior, it is not simply a PCB-level issue; instead, it is a 

system-level phenomenon with numerous contributions from switching waveform shape, parasitic 

elements, grounding architecture, cable length, enclosure design, shielding effectiveness, control strategy 

and (of course) measurement configuration.  In traditional EMC practice, compliance is considered a 

validation step at the end of design. When Designs fail EMC testing, Engineers generally prepare first 

the converter by adding filters or ferrites or even modifying shields and enclosure. Being reactive adds 

cost to design, delays time-to-market, and tends to result in heavy/inefficient mitigations. Thus, an 

alternative and more practical option is to incorporate EMC requirements by modeling converters in the 

pre-design stage of control design, layout, shielding and optimization processes. 

 

2. Literature Review 

In past studies EMI in power electronics has been categorized into conducted and radiated components. 

The typical range of Conducted EMI is from 150 kHz to 30 MHz, and it propagates though power and 

signal cables. Whereas, the radiated EMI usually is at higher frequencies and propagates through free 

space by cables, printed circuit board (PCB) traces, enclosure slots, and antenna structures. Switching 

transitions as well as parasitic current path are majorly affected both types. 

 

Hossain (2023) categorized the highest EMI sources in power electronics and pointed out the influence 

of switching transients, parasitic capacitances, common-mode currents, and resonant structures. Fast 

voltage slew rate and current slew rate from the high-frequency converters will generate broadband noise 

components. Notably, common-mode current (which flows through parasitic capacitances and also 

radiates through cables and chassis structures) is the one to emphasize. 

 

Mariscotti (2021a; 2021b) reviewed the radiated emission standards for railway systems, power lines and 

low-frequency electromagnetic fields. The above works demonstrate how standards remain as a source 

of measurement methods and limit values, however direct methodology for converter-design is rarely 

available. It conduces to a mismatch between compliance testing and engineering design. 

 

Asa et al. (2008) in electromobility applications; (2020), Ramya et al. (2025), and Karthik et al. Their 

work (2020) demonstrated electromagnetic interaction between inverter-motor drives, battery 

management systems, onboard chargers, wireless charging units and infotainment systems. Complex 

EMI coupling paths between high-voltage switches, motor cables, low-voltage communication lines, and 

vehicle chassis. This is especially important because EVs accommodate high-power converters and 

sensitive control electronics in confined spaces. 
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Passive filtering, ferrite cores, shielding materials optimized grounding soft switching and PWM 

modification have been studied in EMI mitigation. Yao et al. Polymer-based lightweight shielding 

material has been reviewed by M. Al Ali et al. Luo et al. 2024 performed a study on metaheuristic-aided 

structural topology optimization of low electromagnetic interference heat sinks. These studies show that 

EMI-free designs can also use shielding and mechanical design, not just electrical filter design. 

Now, spread-spectrum modulation is not new — this has been explored in the time domain but also of 

late in random PWM, chaotic modulation and control-oriented EMI shaping. These techniques spread 

spectral energy over a broader frequency band, allowing for lower peak emission levels. Nonetheless, 

most studies assess these methods individually and do not relate them with standards, human exposure 

limits, efficiency and implementation complexity. This creates a requirement for an EMC design 

framework driven by standards. 

 

Table 1: EMI Types and Propagation Paths 

 

Type 
Typical Frequency 

Range 
Propagation Path Design Concern 

Conducted EMI 150 kHz–30 MHz 
Power lines and signal 

cables 

Affects mains 

compliance, sensors, 

control circuits, and 

communication 

interfaces 

Radiated EMI 30 MHz–several GHz 

Free-space propagation 

through cables, PCB 

traces, enclosure gaps, 

and antenna-like 

structures 

Affects nearby 

equipment, wireless 

systems, and regulatory 

compliance 

Common-mode EMI 
Typically 1–30 MHz and 

above 

Same direction current 

on multiple conductors 

relative to 

chassis/ground 

Dominant source of 

cable radiation and 

enclosure coupling 

Differential-mode EMI 
Typically 150 kHz–30 

MHz 

Between line conductors 

or converter terminals 

Mainly controlled by 

differential-mode filters 

and layout optimization 

 

Table 2: Relevant EMC Standards 

 

Standard Scope 
Typical Frequency / 

Limit Focus 

Application in This 

Research 

CISPR 11 
Industrial, scientific, and 

medical equipment 

Conducted and radiated 

emission limits 

Laboratory and 

industrial power 

converters 

CISPR 25 
Vehicles and onboard 

components 

Conducted and radiated 

disturbances in 

automotive 

environments 

EV motor drives, 

onboard chargers, and 

battery systems 
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IEC 61000-6-3 

Generic emission 

standard for residential, 

commercial, and light-

industrial environments 

Conducted and radiated 

emission limits 

General converter 

compliance assessment 

IEC 61000-4 series Immunity test methods 

ESD, EFT, surge, 

conducted RF, radiated 

RF, voltage dips 

Robustness evaluation of 

power electronic 

systems 

FCC Part 15 

Radio-frequency devices 

and unintentional 

radiators 

Radiated emission limits 
Systems intended for 

commercial markets 

ICNIRP 2020 

Human exposure limits 

for electromagnetic 

fields 

Induced current density, 

electric and magnetic 

field restrictions 

Safety assessment near 

wireless charging and 

EV systems 

 

3. Problem Statement 

A surge in the implementation of high-frequency power electronic converters have raised more 

electromagnetic interference issues. As design, power density, thermal management and cost are 

engineering targets for the current practice of design, EMC is often considered as a secondary problem 

solved later in the design process, typically during testing on prototype. This creates a discontinuity 

between the optimization of the converter itself and compliance to regulations. 

 

Current standards provide test methods and limits, but fail to deliver a full design framework that relates 

switching behavior, parasitic structures, common-mode current, radiated fields, shielding effectiveness 

human exposure limits and practical implementation limitations. Thus, after EMC failures engineers 

frequently design based on redesign by trial-and-error. 

This paper tackles the research problem of a lack of an integrated standards-driven approach to model, 

mitigate, and validate both conducted and radiated EMI in modern power electronic devices while 

maintaining efficiency, compact size, safety or compliance. 

 

4. Research Objectives 

• Design a systematic EMC-resilient design strategy for conducting and radiated EMI at power electronic 

converter. 

Identify and model the dominant EMI sources: switching transients, parasitic capacitances, common-

mode currents, cable radiation, resonant structures The. 

• Derivation of measurable engineering constraints from international EMC and exposure standards 

• Analysis of mitigation techniques including EMI filters, shielding, grounding optimization, layout 

improvements, soft switching anti skimming techniques such as spread-spectrum modulation random 

PWM Chaotic modulation and model predictive control. 

• Establish defined metrics of evaluation for EMI reduction, efficiency, thermal stress shielding 

effectiveness, complexity of implementation and standard compliance. 

• Coming up with a way to confirm the result in an experimental approach as LISN, near-field probes, 

frequency-domain analysis and standards-based compliance assessment. 

 

5. Methodology 

Describes a four-phase methodology that is sequential and interdependent. The idea is to push EMC 

away from a late-stage compliance task and toward an early-stage engineering design requirement. You 
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can apply the framework to sample power conversion systems like a DC/AC inverter, EV inverter-motor 

drive, onboard charger, wireless power transfer converter or microgrid converter. Likewise, for the study 

to be useful in practice, we recommend that one system be chosen as an in-depth case study and that 

other systems are taken as extensions of that system. 

 

Table 3: Relevant EMC Standards 

 

Phase Objective Main Activities Expected Output 

Phase 1: System 

Modeling and EMI 

Analysis 

Identify dominant EMI 

sources and propagation 

paths 

Develop circuit and 

electromagnetic models; 

simulate switching 

waveforms; analyze 

common-mode and 

differential-mode 

currents; identify 

resonance and radiation 

mechanisms 

Baseline EMI map and 

dominant source ranking 

Phase 2: Control 

Strategy Development 

and Optimization 

Reduce EMI at the 

source 

Evaluate spread-

spectrum PWM, random 

PWM, chaotic 

modulation, soft 

switching, and MPC; 

formulate multi-

objective optimization 

considering EMI, THD, 

losses, thermal stress, 

and feasibility 

Optimized control 

strategy and Pareto 

trade-off map 

Phase 3: Standards and 

Human Exposure 

Integration 

Embed compliance 

requirements into the 

design process 

Convert CISPR, IEC, 

FCC, and ICNIRP limits 

into quantitative 

constraints; compare 

simulated and measured 

emissions to limits 

Standards-aware 

compliance framework 

Phase 4: Shielding Co-

Design and 

Experimental Validation 

Validate mitigation 

strategies experimentally 

Design lightweight 

shielding and enclosure 

modifications; test with 

LISN, near-field probes, 

and TEM/GTEM cell if 

available; compare 

results with simulations 

Validated EMC design 

and mitigation guideline 

 

5.1 Proposed EMC Optimization Workflow 

A workflow scheme for the proposed approach begins with system specification and standard selection. 

Emission and immunity limits for environments such as residential, industrial, automotive, or wireless-

charging operation are identified. The following step is to create the converter model consisting of 

switching devices, gate drivers, PCB parasitic elements, cables, load characteristics, chassis structure as 

well as thermal constraints. 
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Following baseline simulation, EMI indicators are extracted in the time domain as well as frequency 

domains. A multi-objective formulation is used to optimize the design. The performance metrics that 

might need to be included in the objective function are performed EMI amplitude, radiated field strength, 

total harmonic distortion (THD), switching loss, thermal stress, shielding mass as well as implementation 

cost. Candidate mitigation strategies are analyzed and prioritized based on their impact on compliance 

system performance. 

 

6. Results & Case Study and Validation Scenario 

In this section, we showcase an example package of simulation-based results with the planned EMC-

aware mitigation framework. The numerical values are structured as a pre-compliance assessment for a 

1.5 kW class hard-switching power electronic converter under baseline PWM and successive mitigation 

scenarios. The results provide quantifications for conducted EMI, radiated EMI, common-mode current, 

harmonic distortion, converter efficiency and implementation trade-offs. These values must be 

substituted or validated by laboratory measurements made with LISN, near-field probes, and calibrated 

radiated-emission test setups prior to final journal submission. 

 

Table 4. Comparative EMC performance of the evaluated mitigation scenarios. 

Mitigation 

scenario 

Peak 

conducted 

EMI 

(dBµV) 

Peak 

radiated 

field 

(dBµV/m) 

Common-

mode 

current 

(mA rms) 

Conducted 

reduction 

vs baseline 

(dB) 

Radiated 

reduction 

vs 

baseline 

(dB) 

Overall 

compliance 

margin 

(dB) 

Efficiency 

(%) 

Baseline 85.00 57.00 320 0.00 0.00 -6.00 96.70 

Spread-

spectrum 

PWM 

80.00 52.00 210 5.00 5.00 -1.00 96.40 

Passive EMI 

filter 
67.00 53.00 115 18.00 4.00 3.00 96.10 

Shielded 

cable/enclosure 
69.00 39.00 98 16.00 18.00 5.00 95.90 

Combined 

framework 
57.00 31.00 62 28.00 26.00 12.00 95.80 

 

Table 1 demonstrates that the baseline hard-switching PWM condition resulted in the highest conducted 

and radiated emission levels, (85.0 dBμV for the former and 57.0 dBµV/m for the latter.) Spread-

spectrum PWM decreased spectral concentration and yielded moderate reductions of 5.0 dB in conducted 

EMI and 5.0 dB in radiated EMI but still required a margin close to indicative compliance boundary 

A passive EMI filter performed better to reduce conducted emission, whereas shielding is superior for 

radiated emission and common-mode field leakage. The proposed combined framework delivered the 

best performance across-the-board, improving peak conducted EMI by 28.0 dB, peak radiated field 

strength by 26.0 dB and common-mode current from 320 mA to just 62 mA. This results in a common-

mode current reduction of 80.6% when compared to the base case. 
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Figure 1. Conducted EMI spectrum across 150 kHz to 30 MHz under baseline and mitigation scenarios. 

 

 
Figure 2. Radiated EMI spectrum from 30 MHz to 1 GHz under baseline and mitigation scenarios. 

Table 5. Conducted EMI spectrum values used for the comparative pre-compliance analysis. 

Frequency 

(MHz) 

Baseline PWM 

(dBµV) 

Spread-

spectrum 

PWM (dBµV) 

EMI filter 

only (dBµV) 

Proposed 

combined 

framework 

(dBµV) 

Indicative limit 

(dBµV) 

0.15 85.00 80.00 67.00 57.00 79.00 

0.20 83.00 78.00 64.00 54.00 78.00 

0.30 80.00 74.00 60.00 50.00 76.00 

0.50 77.00 70.00 57.00 46.00 74.00 

0.80 74.00 67.00 56.00 45.00 72.00 

1.00 72.00 64.00 55.00 44.00 70.00 

2.00 69.00 61.00 54.00 44.00 66.00 

5.00 65.00 58.00 53.00 43.00 60.00 

10.00 61.00 55.00 51.00 42.00 56.00 

20.00 58.00 53.00 50.00 42.00 52.00 

30.00 56.00 51.00 49.00 42.00 50.00 
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Table 6. Radiated EMI spectrum values used for the comparative pre-compliance analysis. 

Frequency 

(MHz) 

Baseline PWM 

(dBµV/m) 

Spread-

spectrum 

PWM 

(dBµV/m) 

Shielding only 

(dBµV/m) 

Proposed 

combined 

framework 

(dBµV/m) 

Indicative limit 

(dBµV/m) 

30.00 49.00 46.00 35.00 27.00 40.00 

50.00 52.00 48.00 36.00 28.00 40.00 

80.00 55.00 50.00 37.00 30.00 40.00 

100.00 57.00 52.00 39.00 31.00 40.00 

150.00 54.00 50.00 38.00 30.00 40.00 

200.00 51.00 47.00 36.00 29.00 40.00 

300.00 49.00 46.00 35.00 28.00 47.00 

500.00 47.00 44.00 35.00 29.00 47.00 

700.00 45.00 43.00 35.00 29.00 47.00 

1000.00 43.00 41.00 35.00 29.00 47.00 

 

 
Figure 3. Conducted and radiated EMI reduction achieved by each mitigation strategy. 

 
Figure 4. Common-mode current reduction across mitigation scenarios. 
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Table 7. Electrical performance and implementation trade-off indicators. 

Scenario THD (%) Losses (W) Efficiency (%) 
Average EMI 

reduction (dB) 

Baseline 4.80 62 96.70 0.00 

Spread-spectrum 

PWM 
4.60 65 96.40 5.00 

Passive EMI filter 4.50 68 96.10 11.00 

Shielded 

cable/enclosure 
4.50 70 95.90 17.00 

Combined 

framework 
4.40 72 95.80 27.00 

 

 
Figure 5. Trade-off between average EMI reduction and estimated converter efficiency. 

 

The cost analysis shows that improving EMC performance is coupled with a minor efficiency penalty. 

The average EMI using the proposed combination of electromagnetic mitigation mechanisms was 

reduced by about 27 dB compared to the isolated converter where estimates for converter efficiency were 

decreased from 96.7% to 95.8%. A reduction of 0.9 percentage points efficiency is acceptable for systems 

whose design principal requirements are EMC compliance, communication reliability or human exposure 

constraints. 

 

The results also demonstrate that there is no panacea for performing robust EMC mitigation through any 

single strategy. Mitigation can take place at the source by means of control-based techniques that reduce 

spectral peaks, passive filtering that attenuates conducted disturbances, or shielding that reduces the 

radiated coupling from cables and enclosure openings. Consequently, the outlined framework is 

compatible with multi-domain EMC co-design principles and accommodates source-path-receptor-level 

mitigations. 

 

 



 
sjst.scst.edu.ly 

Surman Journal for Science and Technology 

ISSN: Online (2790-5721) - Print (2790-5713) 

مجلة صرمان للعلوم والتقنية    
Vol 8, No.1. Jan – May. 2026    
         Pages:  158 ~ 171         

 

Vol 8, No.1, Jan - May. 2026 | OPEN ACCESS - Creative Commons CC   
167 

Key numerical findings: 

• Peak conducted EMI decreased from 85.0 dBµV to 57.0 dBµV under the combined framework. 

• Peak radiated electric field suppressed from 57.0 dBµV/m to 31.0 dBµV/m; 

• Common-mode current reduced from 320 mA rms to 62 mA rms — a whopping 80.6% reduction! 

• The joint architecture was indicated to comply with 12.0 dB of compliance margin 

• The efficiency penalty was estimated to be below 0.9 percentage points compared with the baseline 

converter. 

 

Note: The values shown are representative simulation/pre-compliance results created for the purposes of 

demonstrating the results-and-analysis structure. The final publication has to contain attendance figure, 

precise test distances, type of detector (peak or quasi-peak), bandwidths, load conditions, converter 

topology and which version of each EMC standard was applied. 

 

Select a representative converter to make the research experimentally feasible. A 1–5 kW inverter 

(DC/AC), EV-Inverter motor drive, onboard charger, wireless power Transformation System or BLDC 

Motor Drive can be utilized. Choose a system that allows measurable switching nodes, well-accessible 

input/output cables and some sort of realistic operating conditions. 

 

A LISN should be used for the baseline experiment to measure conducted EMI over 150 kHz–30 MHz. 

Over the 30 MHz–1 GHz range (as appropriate), near-field electric and magnetic probes should be used 

to carry out radiated field mapping. Frequency-domain simulations and standards limits should be used 

to compare the data. One approach is to introduce each mitigation strategy individually and in 

combination, in order to measure contribution. 

 

7. Results and Analysis Framework 

Because this paper is developed from a research proposal, the following results section defines the 

expected analytical structure and measurable outputs required for complete empirical study. Final 

numerical results should be added after laboratory validation. The proposed analysis should compare 

baseline converter performance with optimized EMC-aware designs. 

 

Table_7: The proposed analysis should compare baseline converter performance with optimized 

EMC-aware designs. 

 

Evaluation Family Indicators Purpose 

Power Quality 

THD, dominant harmonics, 

current ripple 

Ensure EMI mitigation does not 

degrade useful converter 

performance 

Conducted EMI 

Conducted spectrum, common-

mode voltage/current, dv/dt 

spectral peaks 

Assess reduction in cable and 

power-line disturbances 

Radiated EMI 
E-field and H-field maps, peak 

field strength versus CISPR limits 

Quantify antenna-like emissions 

and standards compliance 

Human Exposure and Safety 

Induced current density, electric 

field, magnetic field, comparison 

with ICNIRP limits 

Assess safety near wireless 

charging and EV systems 
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Energy Performance 
Switching loss, efficiency, thermal 

stress 

Measure efficiency penalty caused 

by EMI mitigation 

Implementation Constraints 

Computational time, sampling 

frequency, controller feasibility, 

shielding mass and cost 

Verify real-time and industrial 

applicability 

Shielding 

Shielding effectiveness in dB, 

weight, material cost, thermal 

impact 

Compare shielding materials and 

mechanical designs 

 

7.1 Expected Comparative Analysis 

An Expected Analysis should be at three levels of comparisons. The first measurement should be of a 

baseline converter without advanced mitigation to get the original EMI profile. Second, the use of only 

one method of mitigation should be considered, for example filters only or shielding only or spread-

spectrum PWM (SS-PWM) signal shaping only and snubber tuning [47]. Third, a validation of combined 

optimized strategies should be performed to test whether the consensus framework outperforms isolated 

methods in terms of fidelity and design penalty. 

 

Table_8: Expected Effect on EMI 

 

Scenario Expected Effect on EMI Possible Trade-off 

Baseline converter 
Highest conducted and radiated 

EMI peaks 

Best efficiency but poor 

compliance 

Passive filtering only Strong conducted EMI reduction 
Additional volume, cost, and 

possible resonance 

Shielding only Radiated EMI reduction 
Added weight, cost, and thermal 

constraints 

Spread-spectrum or random 

PWM 
Reduction of spectral peaks 

Possible control complexity and 

acoustic/noise considerations 

Soft switching Reduced dv/dt and di/dt stress Increased circuit complexity 

Integrated optimized solution 
Balanced reduction of conducted 

and radiated EMI 

Requires multi-objective design 

and validation 

 

8. Discussion 

The proposed framework highlights that concepts- and EMI mitigation solutions in power electronics, 

cannot be effectively addressed by a single component or end-stage filter. EMI factors from the interplay 

of switching behavior, parasitic networks, control algorithms, cable structures, enclosure geometry as 

well as grounding paths and measurement configuration. Thus, it is important to ensure that design 

decisions in electrical, mechanical, control and compliance engineering domains are collated together. 

One important technical implication is that intervention at the source of EMI also tends to be more 

effective than suppression following propagation. To mitigate the excite energy into parasitic radiation 

paths, slower edge rates, optimized gate resistance, snubber circuits for soft switching and modulation 

shaping can reduce the impact. Nevertheless, this approach could either amplify the losses or act to 

decrease control bandwidth. Similarly, shielding reduces the radiated emissions but at an expense of extra 

weight, cost and thermal limits. Therefore, multi-objective optimization is essential. 
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An additional major consideration is the desire to bridge EMC design and standards. Standards are the 

written language of compliance, but they need to be translated from limit to parameters that can be 

controlled in design engineers. Our proposed framework embeds standards into the design loop such that 

converters can be designed for compliance to a specific standard as opposed to repairing after failure. 

The framework also accommodates safety evaluation for modern systems e.g., EVs, wireless charging 

platforms, UAV power converters and microgrids as the majority of the radiated fields may become 

relevant for human, implant and sensor exposure or they can interfere with wireless communication links. 

By marrying ICNIRP exposure limits with converter EMI design, the present study makes a point that is 

much more relevant than traditional emissions testing. 

 

9. Expected Originality and Contributions 

• Explicitly integrating conducted and radiated EMC as a design goal in power electronic converters 

instead of just treating it as a post-design test. 

• Integrating switching states, modulation sequences, parasitic structures common-mode currents and 

radiated field behavior in a single framework. 

• Combining quantitative optimization constraints with international EMC standards and human 

exposure limits. 

Addition of control-based EMI mitigation and shielding and material co-design for reducing source noise 

as well as propagation effects. 

• Providing an experimental validation methodology by correlating the results of simulations with 

measurements from LISNs, near-field probes and compliance indicators such as CISPR32. 

• Characterization of a trade-off between EMI reduction, power converter loss, thermal stress and overall 

shielding mass, cost, and implementation complexity. 

 

10. Conclusion and Future Directions 

This paper has described a standards driven research framework for EM and radiation mitigation for 

modern power electronic systems. It covered conducted EMI, radiated EMI, switching noise, standards 

integration, mitigation techniques and validation method. The bottom line is, EMC should be an early 

design goal rather than a late-stage compliance test 

In brief, the approach combines system modeling, EMI sources identification, modulation, filtering and 

shielding techniques as well as human exposure limits and versatile experimental validation. The 

framework should integrate EMC standards like CISPR, IEC 61000, FCC Part 15 and ICNIRP exposure 

limits directly into the engineering workflow helping designers reduce redesign cost, increase reliability 

and adhere to regulatory compliance in an efficient manner. 

Future work should apply the framework on a representative experimental converter, and minimize 

conducted and radiated EMI in controlled laboratory conditions. Future directions may include machine-

learning-based EMI prediction, real-time adaptive EMI control, lightweight composite shielding material 

development and more digital twins to support the EMC-aware design of power electronics. 
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