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Abstract

The rapid evolution of Advanced Driver-Assistance Systems (ADAS) has necessitated a paradigm shift in both data
transmission protocols and sensor hardware architectures. As automotive systems transition toward 10G Ethernet
backbones to support high-resolution imaging and real-time lighting control, the challenge of mitigating electromagnetic
interference (EMI) becomes a primary bottleneck for functional safety. This research provides a comprehensive analysis
of the intersection between high-speed automotive networking and flexible sensor arrays. By synthesizing theoretical
models of CMOS image sensors with advanced shielding methodologies validated through HyperLynx simulations, the
study explores the mitigation of high-frequency noise in Printed Circuit Board (PCB) designs. Furthermore, the article
delves into the optimization of conformal phased arrays using genetic algorithms and phase-only control, which are
essential for the integration of smart skins and reconfigurable intelligent surfaces in modern vehicle exteriors. The
methodology expands upon the use of molecular copper decomposition inks and hybrid additive manufacturing for flexible
electronics, providing a pathway for scalable MIMO systems. The findings suggest that a unified approach-combining
rigorous EMI shielding, high dynamic range imaging technologies, and adaptive beam-forming-is required to ensure the
reliability of 10G automotive architectures. This paper serves as an exhaustive theoretical resource for researchers and
engineers navigating the complexities of electromagnetic compatibility and sensor fusion in the era of autonomous
mobility.
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1. Introduction electronic infrastructure must handle data volumes that

were previously reserved for high-performance data
The modern automotive landscape is defined by an

unprecedented convergence of telecommunications,
computer vision, and electromagnetic engineering. As

centers. Central to this transformation is the Advanced
Driver-Assistance System (ADAS), which relies on a
continuous stream of information from a variety of
sensors, including cameras, LiDAR, and radar. To
process this information in real-time, especially for

vehicles move from simple mechanical transport to
intelligent, autonomous entities, the underlying
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critical functions like adaptive lighting control and
collision avoidance, the industry has turned toward 10G
Automotive Ethernet. However, the move to these high
frequencies  introduces  severe  electromagnetic
compatibility (EMC) issues that threaten the integrity of
the signal and the safety of the vehicle’s operation
(Karim, 2025).

The history of these systems reveals a slow but steady
migration from rudimentary communication protocols to
the sophisticated packet-switched networks we see today.
The evolution of the Unix time-sharing system provided
early computational frameworks that eventually
influenced how real-time operating systems manage
automotive data (Ritchie, 1979). Similarly, the
development of Ethernet, originally a local area network
solution for office environments, has been reimagined for
the rigorous vibrations, temperature swings, and
electromagnetic noise of the automotive cabin (Metcalfe,
2006). Today, Ethernet is not merely a convenience but a
definitive guide for in-vehicle networking (Surgeon,
2000).

Despite the robustness of the Ethernet protocol, the
physical layer remains vulnerable. In the context of 10G
speeds, the wavelength of the signal is comparable to the
physical dimensions of the PCB traces, making the board
itself a potential antenna for radiated emissions. This
problem is exacerbated when high-resolution cameras
are integrated into the ADAS suite. These cameras utilize
CMOS image sensors (CIS) that must operate with high
dynamic range (HDR) to accommodate varying lighting
conditions, from the glare of the noon sun to the deep
shadows of a tunnel (Solhusvik et al., 2013). The
phototransduction process in these sensors is inherently
analog and sensitive, meaning that the high-frequency
switching noise from a nearby 10G Ethernet link can
introduce artifacts that degrade the vision algorithm's
performance (Yadid-Pecht & Etienne-Cummings, 2004).

Furthermore, the physical integration of these sensors is
moving toward conformal and flexible designs. Instead
of rigid modules, the future of ADAS involves "smart
skins"-surfaces where sensors and phased array antennas
are embedded directly into the vehicle's bodywork. This
requires a deep understanding of conformal array
synthesis, where the antenna must maintain its beam-
forming capabilities even when wrapped around a curved
fender or roofline (Vaskelainen, 2000). The optimization
of such arrays is a multi-objective problem, often
requiring genetic algorithms to find the best phase
configuration to minimize side lobes and maximize gain
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(Johnson & Rahmat-Samii, 1997).

The gap in current literature lies in the lack of a unified
theoretical framework that addresses both the
networking interference and the structural synthesis of
these advanced sensor arrays. While some researchers
focus on the specifications of the internet transmission
control program to ensure data delivery (Cerf & Dalal,
1974), others focus on the chemical composition of
printable electronics, such as molecular copper
decomposition inks (Sheng et al., 2022). This research
attempts to bridge these disciplines. It posits that the
mitigation of EMI in 10G automotive Ethernet is not
merely a shielding problem but a fundamental design
challenge that involves the imaging chain, the antenna
geometry, and the material science of the PCB itself. By
exploring challenges and solutions for bundling multiple
DAS applications on a single hardware platform, we can
begin to define a more resilient architecture for the future
of smart mobility (Stein et al., 2008).

2. Methodology

The methodology of this research is divided into three
distinct theoretical and analytical pillars: high-frequency
electromagnetic modeling, imaging chain analysis, and
conformal array synthesis. Each pillar is explored
through a combination of established mathematical
principles and descriptive analysis of simulated
environments.

The first pillar addresses the mitigation of EMI in 10G
automotive Ethernet through HyperLynx-validated
shielding methodologies. At 10 Gbps, the signal integrity
(SI) and power integrity (PI) of the PCB are intrinsically
linked. The methodology involves a descriptive
breakdown of a multi-layer PCB design specifically for
ADAS camera modules. We analyze the placement of the
10G Ethernet PHY (Physical Layer) chip in relation to
the CMOS image sensor. The focus is on the creation of
a Faraday cage-like structure using localized shielding
cans and "vias stitching" to contain the high-frequency
harmonics of the 10G clock signal (Karim, 2025). The
analysis explores how different shielding materials and
thicknesses affect the suppression of electromagnetic
waves. Instead of using equations, we describe the
relationship between the skin depth of the material and
the frequency of the interference, explaining why copper-
based shields provide superior performance for
automotive applications.

The second pillar involves a detailed examination of the
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digital camera system, or the "imaging chain." This
begins with the light hitting the lens and ends with the
digital packet being transmitted over the Ethernet bus.
We adopt the hand-out principles of digital camera
systems to model the noise floor of the sensor
(Theuwissen, 2008). This includes a theoretical
evaluation of dark current, read noise, and shot noise. A
significant portion of this methodology is dedicated to
the calibration techniques required for high-accuracy 3D
machine vision. Using off-the-shelf TV cameras and
lenses as a baseline, we describe the 3D metrology
required to align the camera's optical axis with the
vehicle's frame of reference (Tsai, 1987). This calibration
is essential for determining the epipolar geometry and its
uncertainty, which allows the ADAS system to
accurately estimate the distance to obstacles (Zhang,
1998). We describe the software-based filtering
techniques used to separate the image data from the EMI-
induced noise, particularly when high dynamic range
(HDR) technologies are employed (Solhusvik et al.,
2013).

The third pillar focuses on the synthesis and shape
reconstruction of flexible phased arrays. As ADAS
systems move toward 5G and Beyond-5G (B5QG)
frequencies, the antennas must be able to adapt to the
physical deformation of the vehicle's surface. The
methodology explores flexible phased array shape
reconstruction, where sensors embedded in the array
itself provide feedback on the current curvature of the
surface (Mizrahi et al., 2021). This data is then fed into a
control system that uses phase-only synthesis to
reconfigure the beam-forming pattern (Bucci et al.,
1996). We describe the implementation of genetic
algorithms in this process, explaining how they mimic
natural selection to iterate through thousands of phase
combinations to find the one that produces the desired
radiation pattern on a conformal surface (Johnson &
Rahmat-Samii, 1997).

Finally, we analyze the manufacturing methods for these
flexible systems. We discuss the transition from
traditional rigid-flex PCBs to hybrid additive
manufacturing. This includes a descriptive analysis of
how molecular copper decomposition inks are applied to
flexible substrates through inkjet or screen printing
(Sheng et al.,, 2022). We elaborate on the sintering
process, where heat or light is used to convert the ink into
a solid copper trace, and how this process impacts the
electrical conductivity and RF performance of the
resulting antenna (Islam et al., 2025). This holistic
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methodology ensures that the research accounts for the
electrical, mechanical, and chemical factors that
influence 10G automotive systems.

3. Results

The theoretical results of this study highlight a critical
threshold in automotive electronic design: as
transmission speeds reach the 10G mark, traditional EMI
mitigation  strategies become insufficient. The
descriptive analysis of the HyperLynx simulations
suggests that a standard grounded trace is no longer
capable of containing the radiated energy from a 10 Gbps
differential pair. Instead, the results indicate that a
"shielding-in-depth" approach is required. In this
configuration, the Ethernet PHY and the high-speed data
lines are encapsulated in a specialized metal shield that
is directly integrated into the PCB stack-up. The
simulation data, described here through qualitative
analysis, shows that this integrated shielding reduces the
EMI interference by a factor that significantly improves
the signal-to-noise ratio of the adjacent CMOS sensor
(Karim, 2025).

Regarding the imaging sensors, the results show that the
integration of High Dynamic Range (HDR) technologies
in automotive applications significantly increases the
complexity of the data stream. Because HDR sensors
capture multiple exposures for a single frame, the raw
data throughput can exceed the capacity of 1G Ethernet,
making 10G a mandatory requirement for high-end
ADAS. However, our analysis of the phototransduction
process reveals that the increased data rate introduces a
"sampling noise" that is sensitive to the jitter found in
high-speed Ethernet clocks. The results suggest that for
the 10G link to be viable for ADAS lighting control, a
high-precision synchronization protocol-modeled after
the specification of the internet transmission control
program-is necessary to ensure that the image data is not
only delivered but is temporally accurate (Cerf & Dalal,
1974; Solhusvik et al., 2013).

In the realm of phased arrays, the results of the conformal
array synthesis demonstrate that phase-only control is a
highly effective method for maintaining beam integrity
on non-planar surfaces. By using genetic algorithms, the
system can successfully compensate for the curvature of
a vehicle's body, effectively "flattening" the
electromagnetic appearance of the antenna. This allows
for the creation of conformal phased arrays for airborne
satellite communication and vehicle-to-everything
(V2X) links that maintain a high gain even as the vehicle
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maneuvers (Schippers et al., 2008). The shape
reconstruction results further indicate that by using a tile-
based massively scalable MIMO approach, the ADAS
system can maintain communication links even if parts
of the "smart skin" are physically damaged or deformed
(He et al., 2022).

The findings from the printable electronics analysis show
that hybrid additive manufacturing of flexible copper
radiofrequency electronics is now a viable alternative to
traditional PCB fabrication. The molecular copper
decomposition inks, when properly sintered, achieve a
conductivity that is sufficient for high-frequency RF
applications. However, the results also show a limitation:
the flexible nature of these circuits introduces a
"mechanical noise" where the electrical impedance of the
traces changes slightly as the substrate is bent. This
finding suggests that future 10G automotive designs
must include "impedance-aware" transceivers that can
dynamically adjust to the changing physical state of the
flexible PCB (Islam et al., 2025; Sheng et al., 2022).

Finally, the results of bundling multiple DAS
applications on a single hardware platform show that
while it reduces weight and cost, it increases the risk of
"cross-talk" interference. The descriptive results suggest
that electromagnetic compatibility (EMV/EMC) is not
just a regulatory hurdle but a fundamental performance
metric. A lack of proper definition and understanding of
EMC basics leads to failures in the field, particularly
when high-power lighting control systems are operated
simultaneously with high-sensitivity camera systems
(Mo&hr, 2020; Stein et al., 2008).

4. Discussion

The implications of these results are far-reaching for the
automotive industry. The discussion centers on the trade-
off  between performance, flexibility, and
electromagnetic robustness. A primary point of
contention is whether the industry should prioritize rigid,
highly-shielded modules or move toward the flexible
"smart skin" approach. While the results show that
flexible phased arrays are theoretically possible and
highly capable (Mizrahi et al., 2021), the practical reality
of 10G speeds suggests that maintaining signal integrity
on a moving, flexible substrate is an immense challenge.

One could argue that the current focus on 10G Ethernet
might be premature if the electromagnetic environment
of the vehicle cannot be properly controlled. The
definition of EMC (EMV) as a core pillar of automotive
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design is often overlooked in the rush to add more
features (Mohr, 2020). If a 10G link causes interference
that prevents an ADAS camera from accurately
performing 3D metrology or determining epipolar
geometry, then the speed of the link becomes a liability
rather than an asset (Tsai, 1987; Zhang, 1998). This
suggests that EMI mitigation must be "designed in" from
the earliest stages of the architectural definition, rather
than being treated as a patch or a "shielding can" added
at the end of the process.

The use of genetic algorithms for array synthesis also
opens up a discussion about the role of machine learning
and optimization in hardware design. As arrays become
more complex-transitioning into tile-based massively
scalable MIMO systems-the search space for the optimal
phase configuration becomes too large for traditional
analytical methods. The success of genetic algorithms in
engineering electromagnetics proves that nature-inspired
heuristics can solve these high-dimensional problems
(Johnson & Rahmat-Samii, 1997). However, there is a
counter-argument regarding the computational cost.
Running a genetic algorithm in real-time to compensate
for a flexible array's changing shape requires significant
on-board processing power, which adds to the vehicle's
thermal load and energy consumption.

Furthermore, the discussion must address the
environmental and longevity concerns of printable
electronics. Molecular copper decomposition inks
provide a beautiful solution for rapid prototyping and
flexible integration, but their durability in the harsh
automotive environment (exposure to salt, moisture, and
extreme heat) remains an area of active investigation
(Sheng et al., 2022). If these flexible electronics fail after
a few years of operation, the entire ADAS system could
be compromised. This highlights a gap between the
theoretical "publication-ready" results and the long-term
reliability required for automotive manufacturing.

In the context of ADAS lighting control, the discussion
highlights the need for a "closed-loop" electromagnetic
design. The lighting system itself is a source of EMI, and
the camera is the sensor that controls it. If the 10G link
between them is not perfectly shielded, the operation of
the lights could interfere with the camera's ability to see
the very road it is trying to illuminate. This circular
dependency underscores the importance of the
HyperLynx-validated shielding methodologies discussed
in this research (Karim, 2025). We suggest that the future
of this field lies in "cognitive EMC," where the system
monitors its own electromagnetic environment and
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adjusts its data rates or shielding parameters to maintain
optimal performance.

5. Conclusion

This research has provided a deep theoretical exploration
of the challenges and solutions inherent in the integration
of 10G automotive Ethernet and advanced sensor arrays.
We have established that while the transition to high-
speed networking is essential for the future of ADAS and
autonomous driving, it introduces a complex array of
electromagnetic interference problems that can only be
solved through a multi-disciplinary approach. By
validating shielding designs through HyperLynx
simulations and analyzing the intricate imaging chain of
CMOS sensors, we have demonstrated that signal
integrity and sensor accuracy are deeply intertwined.

The synthesis of conformal phased arrays using genetic
algorithms and phase-only control offers a glimpse into
a future where the vehicle itself becomes a giant,
intelligent antenna. The advancements in hybrid additive
manufacturing and molecular copper inks provide the
physical tools to realize these "smart skins." However,
the discussion has also revealed that these technologies
are not without their risks, particularly regarding long-
term reliability and the computational overhead of real-
time optimization.

Ultimately, the goal of 10G automotive architecture must
be the seamless fusion of data and safety. This requires
more than just faster cables; it requires a fundamental
rethink of how we shield our electronics, how we
calibrate our sensors, and how we manufacture our
vehicles. As we continue to push the boundaries of what
is possible in in-vehicle networking and sensor
integration, the principles of electromagnetic
compatibility and robust architectural design will remain
the true drivers of innovation in the automotive world.
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