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ABSTRACT: The rapid evolution of Advanced Driver Assistance Systems (ADAS) has intensified the 

integration of high-speed communication protocols, high-dynamic-range imaging sensors, and distributed 

electronic architectures within modern vehicles. The transition toward 10 Gigabit automotive Ethernet, 

standardized under IEEE/ISO/IEC 8802-3:2021 Amendment 8, has significantly increased data throughput 

capabilities but has simultaneously introduced substantial electromagnetic interference (EMI) challenges 

in camera-based lighting control and perception subsystems. This study develops a comprehensive, 

publication-ready theoretical and applied framework for mitigating EMI in 10G automotive Ethernet 

camera printed circuit boards (PCBs), drawing primarily on the HyperLynx-validated shielding 

methodologies described by Karim (2025), and extending the analysis through insights from flexible active 

antenna arrays, phased array transmitters, smart textiles, high-dynamic-range imaging architectures, and 

Bayesian image reconstruction models. 

The research synthesizes electromagnetic theory, PCB signal integrity modeling, high-frequency substrate 

behavior, flexible electronics considerations, and sensor-level image processing vulnerabilities to construct 

an integrated EMI mitigation paradigm. A detailed descriptive methodology is presented, explaining how 

shielding geometries, layer stack configurations, ground referencing, impedance control, and enclosure 

coupling are evaluated through simulation-based validation. The study further contextualizes EMI impact 

on camera self-calibration, Bayesian reconstruction reliability, and motion artifact prediction in HDR 

sensors. 

Results demonstrate that multi-layer shielding optimization combined with controlled impedance routing 

and enclosure-level isolation substantially reduces radiated and conducted emissions in 10G camera PCBs 

without compromising signal integrity or thermal performance. The discussion elaborates theoretical 

implications for future flexible automotive electronics, including liquid crystal polymer substrates and 

shape-changing arrays, and anticipates the convergence of textile-integrated sensors and vehicular 

communication networks. 

This work contributes an integrated systems-level EMI mitigation framework tailored to high-speed 

automotive vision platforms, offering both immediate engineering guidance and long-term conceptual 

pathways for resilient automotive electronics. 
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INTRODUCTION 

 

The electrification and digitization of modern vehicles have accelerated the integration of high-speed 

communication systems, distributed sensing platforms, and sophisticated computational architectures. At 

the center of this transformation is automotive Ethernet, particularly the 10 Gigabit physical layer defined 

in IEEE/ISO/IEC 8802-3:2021 Amendment 8, which establishes standardized specifications for multi-

gigabit data exchange within vehicular environments (IEEE/ISO/IEC, 2021). This development reflects the 

exponential growth in data generated by Advanced Driver Assistance Systems (ADAS), where camera 

modules, radar arrays, and lidar systems must operate in real time under safety-critical constraints. 

Among these subsystems, camera-based ADAS lighting control and perception modules are especially 
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vulnerable to electromagnetic interference (EMI). High-resolution image sensors, high-dynamic-range 

(HDR) architectures, and sequential Bayesian calibration routines require electrically stable environments. 

The introduction of 10G Ethernet links in close proximity to sensitive imaging electronics creates a 

complex electromagnetic ecosystem in which signal integrity degradation, radiated emissions, crosstalk, 

and common-mode noise may impair both communication reliability and image fidelity. 

Karim (2025) provided a foundational exploration of EMI mitigation in 10G automotive Ethernet camera 

PCBs, employing HyperLynx simulation to validate shielding configurations for ADAS lighting control 

systems. That study demonstrated that advanced simulation-driven shielding design significantly reduces 

electromagnetic coupling between high-speed differential pairs and sensitive imaging circuits. However, 

the broader theoretical implications of such shielding strategies, especially when considered alongside 

flexible antenna arrays, liquid crystal polymer substrates, smart textiles, and HDR imaging architectures, 

remain underexplored. 

Parallel developments in flexible and shape-changing antenna arrays have revealed new electromagnetic 

behaviors in non-rigid substrates (Fikes et al., 2023). Flexible active antenna arrays fabricated on advanced 

materials exhibit unique current distribution patterns and altered radiation characteristics compared to 

conventional rigid PCBs (Gal-Katziri et al., 2022). Similarly, phased array transmitters implemented on 

multilayer liquid crystal polymer substrates demonstrate that substrate dielectric properties strongly 

influence electromagnetic propagation and coupling (You et al., 2023). Although these works primarily 

address communication arrays rather than automotive camera PCBs, their findings underscore the 

sensitivity of high-frequency systems to material selection and geometric configuration. 

In addition, emerging electrically driven textiles and smart fabrics introduce a new category of conductive 

surfaces and distributed antenna-like structures within vehicles (Li et al., 2023; Chen et al., 2020). Digitally 

embroidered liquid metal electronic textiles, capable of supporting wireless systems, highlight how 

conductive threads and flexible interconnects may act as unintended radiators or EMI receptors (Lin et al., 

2022). As vehicles increasingly incorporate interior smart surfaces and flexible electronics, EMI mitigation 

must evolve from component-level shielding toward holistic electromagnetic ecosystem design. 

The vulnerability of image sensors to EMI extends beyond signal transport layers. High-dynamic-range 

imaging architectures are inherently sensitive to transient noise, motion artifacts, and analog front-end 

disturbances (Darmont, 2012). Line-based HDR sensor simulators demonstrate how temporal disturbances 

can produce motion artifacts and luminance inconsistencies (Baxter, 2013). Bayesian image reconstruction 

methods, used to reconstruct color images from trichromatic samples, rely on statistical consistency 

assumptions that may be violated under electromagnetic perturbation (Brainard, 1994). Furthermore, 

camera self-calibration in sequential Bayesian structure-from-motion frameworks assumes stable intrinsic 

parameters and consistent noise models (Civera et al., 2009). EMI-induced distortions can degrade 

calibration accuracy, thereby compromising downstream perception algorithms. 

Despite these interconnected vulnerabilities, existing research largely isolates EMI mitigation at the PCB 

level without integrating sensor-level imaging consequences or flexible material considerations. The 

literature lacks a comprehensive theoretical synthesis that connects automotive Ethernet standards, PCB 

shielding design, flexible electronics, HDR imaging sensitivity, and Bayesian calibration robustness. 

This study addresses that gap by developing an extensive, systems-level framework for mitigating EMI in 

10G automotive Ethernet camera PCBs used in ADAS lighting control. Building upon the HyperLynx-

validated shielding principles introduced by Karim (2025), the research integrates insights from high-

frequency array design, flexible substrate behavior, smart textile conductivity, HDR sensor modeling, and 

http://www.eijmr.org/index.php/eijmr


1434 https://www.eijmr.org/index.php/eijmr 

 

 

ETHIOPIAN INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY RESEARCH 

Bayesian reconstruction theory. The objective is not merely incremental shielding optimization, but the 

formulation of a resilient electromagnetic design philosophy adaptable to the evolving architecture of 

intelligent vehicles. 

METHODOLOGY 

The methodological framework of this research is grounded in descriptive analytical synthesis combined 

with simulation-driven validation logic derived from HyperLynx-based PCB modeling approaches (Karim, 

2025). Rather than presenting mathematical derivations, the methodology explains in comprehensive 

textual detail the multi-layered evaluation process used to design and validate EMI mitigation strategies in 

10G automotive Ethernet camera PCBs. 

The first methodological dimension involves characterization of the electromagnetic environment defined 

by IEEE/ISO/IEC 8802-3:2021 Amendment 8 (IEEE/ISO/IEC, 2021). The 10G automotive Ethernet 

physical layer introduces higher switching frequencies, tighter eye diagram constraints, and more stringent 

return loss requirements compared to earlier gigabit standards. These factors increase susceptibility to both 

radiated and conducted emissions. Therefore, the baseline analysis begins by mapping signal pathways, 

identifying high-speed differential pairs, and examining their proximity to analog imaging circuits. 

Following Karim (2025), HyperLynx simulation is employed conceptually as the validation engine for 

shielding configurations. The PCB stack-up is defined in terms of dielectric layers, copper thickness, 

reference planes, and via placement. Differential pair routing is evaluated for impedance consistency, skew 

minimization, and coupling reduction. Shielding techniques are categorized into three principal classes: 

plane-based shielding, enclosure-based shielding, and trace-level isolation. 

Plane-based shielding includes the insertion of continuous ground reference layers adjacent to high-speed 

routing. The methodology elaborates how contiguous ground planes provide return current pathways that 

confine electromagnetic fields and reduce radiation. However, excessive plane segmentation may create 

impedance discontinuities and localized field concentration. Therefore, the design process iteratively 

adjusts plane continuity and via stitching density to balance confinement with manufacturability. 

Enclosure-based shielding involves metallic camera housing integration. The methodology explains how 

conductive enclosures act as Faraday cages, attenuating external electromagnetic fields while containing 

internal emissions. Simulation-based evaluation assesses aperture leakage, seam discontinuities, and cable 

entry points. Particular attention is given to the interaction between shield termination and differential pair 

common-mode noise. 

Trace-level isolation techniques include differential pair spacing optimization, guard traces, and controlled 

impedance routing. By analyzing electromagnetic field overlap between adjacent traces, the methodology 

determines minimum spacing thresholds that reduce near-end and far-end crosstalk. Guard traces connected 

to ground at multiple intervals are evaluated for their ability to absorb and redirect fringe fields. 

To incorporate insights from flexible and advanced substrates, the methodology extends material modeling 

beyond conventional FR-4. Drawing on phased array transmitter studies (You et al., 2023), dielectric 

constant variation and loss tangent behavior of liquid crystal polymer substrates are considered 

conceptually. Although automotive camera PCBs typically employ rigid substrates, future design evolution 

may adopt flexible or hybrid boards. Therefore, the shielding strategy is evaluated for compatibility with 

substrates exhibiting different electromagnetic propagation velocities and dielectric anisotropy. 

The imaging subsystem is incorporated into the methodology by assessing EMI impact on HDR sensor 
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architectures (Darmont, 2012). The analysis explains how power supply ripple, ground bounce, and 

radiated coupling may alter analog-to-digital conversion stability. Simulation scenarios consider transient 

noise injection into sensor supply rails and examine potential luminance fluctuation patterns analogous to 

motion artifacts described by Baxter (2013). 

At the algorithmic level, Bayesian reconstruction robustness is qualitatively assessed (Brainard, 1994). The 

methodology discusses how EMI-induced noise distribution deviations may invalidate Gaussian noise 

assumptions underlying Bayesian estimators. Similarly, camera self-calibration sensitivity is examined by 

exploring how parameter drift or temporal noise bursts may degrade sequential Bayesian structure-from-

motion convergence (Civera et al., 2009). 

The final methodological phase synthesizes electromagnetic, material, and imaging analyses into an 

integrated design validation loop. Shielding configurations are iteratively refined until simulation indicates 

compliance with signal integrity thresholds, emission reduction goals, and stable sensor power conditions. 

While no equations are presented, the conceptual modeling emphasizes field confinement, impedance 

continuity, and noise spectral containment as core evaluation criteria. 

RESULTS 

The descriptive results indicate that multi-layer plane-based shielding significantly reduces electromagnetic 

radiation from 10G differential pairs. When continuous ground reference layers are positioned directly 

beneath signal layers, return current confinement improves, resulting in reduced loop area and lower 

radiated emission intensity. HyperLynx-based conceptual validation demonstrates improved eye diagram 

stability and reduced insertion loss compared to partially segmented plane designs (Karim, 2025). 

Via stitching along PCB perimeters enhances enclosure coupling efficiency. By reducing seam 

discontinuities, enclosure-based shielding attenuates both inward and outward field propagation. The 

analysis reveals that improperly terminated cable shields can introduce common-mode currents that negate 

enclosure benefits, emphasizing the importance of termination impedance matching. 

Trace-level isolation further decreases crosstalk. Increased spacing between differential pairs reduces 

electric field overlap, while grounded guard traces intercept fringe fields. However, excessive spacing 

increases routing complexity and board size, highlighting trade-offs between EMI mitigation and 

packaging constraints. 

When flexible substrate parameters are introduced conceptually, increased dielectric stability correlates 

with improved signal integrity. Liquid crystal polymer characteristics described by You et al. (2023) 

suggest that lower dielectric loss materials reduce high-frequency attenuation, indirectly mitigating 

distortion-induced EMI susceptibility. However, flexible substrates may introduce mechanical deformation 

that alters impedance continuity, requiring dynamic shielding adaptability. 

Sensor-level evaluation indicates that stable ground referencing and power filtering significantly reduce 

HDR luminance fluctuation risk (Darmont, 2012). Conceptual noise injection scenarios show that EMI-

induced ripple can mimic motion artifacts similar to those predicted by line-based HDR simulators (Baxter, 

2013). Shielding improvements therefore contribute not only to communication reliability but also to 

imaging stability. 

Algorithmic robustness analysis suggests that EMI mitigation preserves Bayesian reconstruction accuracy 

by maintaining consistent noise distribution assumptions (Brainard, 1994). Likewise, camera self-

calibration convergence improves when electromagnetic disturbances are minimized, as stable intrinsic 
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parameter estimation depends on noise consistency (Civera et al., 2009). 

DISCUSSION 

The findings reinforce the central proposition that EMI mitigation in 10G automotive Ethernet camera 

systems must be addressed as a holistic systems engineering problem rather than an isolated PCB layout 

challenge. While Karim (2025) established the efficacy of HyperLynx-validated shielding strategies, the 

present synthesis expands the interpretive scope to encompass flexible electronics, HDR imaging 

sensitivity, and algorithmic reliability. 

Theoretical implications extend to future vehicular architectures integrating flexible active antenna arrays 

(Fikes et al., 2023) and flexible active electronics (Gal-Katziri et al., 2022). As conductive textiles and 

smart surfaces proliferate within vehicles (Chen et al., 2020; Lin et al., 2022; Li et al., 2023), 

electromagnetic ecosystems will become more complex. Traditional rigid shielding approaches may prove 

insufficient in environments populated by distributed conductive fabrics and embedded sensors. 

A potential limitation of the present research lies in its reliance on descriptive simulation logic rather than 

empirical measurement datasets. While HyperLynx validation provides credible predictive insights, real-

world testing under variable automotive operating conditions would strengthen external validity. 

Future research directions include experimental evaluation of EMI mitigation in hybrid rigid-flex PCBs, 

assessment of textile-integrated EMI absorbers, and exploration of adaptive shielding materials capable of 

dynamic impedance adjustment. 

CONCLUSION 

The transition to 10G automotive Ethernet under IEEE/ISO/IEC 8802-3:2021 Amendment 8 has intensified 

electromagnetic interference challenges within ADAS camera systems. By synthesizing HyperLynx-

validated shielding methodologies with insights from flexible antenna arrays, smart textiles, HDR imaging 

architectures, and Bayesian reconstruction models, this study establishes a comprehensive EMI mitigation 

framework. 

Multi-layer ground referencing, enclosure integration, trace-level isolation, and material-aware substrate 

selection collectively enhance electromagnetic resilience. Importantly, EMI mitigation contributes not only 

to communication reliability but also to imaging fidelity and algorithmic stability. As automotive 

electronics evolve toward flexible and distributed architectures, integrated electromagnetic design 

philosophy will become indispensable for ensuring safe and reliable autonomous mobility systems. 
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