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ABSTRACT Radar is one of the primary active safety sensors for advanced driver assistance systems.
Autonomous vehicles will heavily rely on the ability of automotive radar systems to accurately identify
crucial targets while filtering out false targets. Road guardrails present a unique corner case challenge to
automotive radar sensors due to their large radar cross section (RCS) that can lead to false targets alerts.
This paper presents a full physics, full-scale electromagnetic simulation-based study on the radar returns
of road guardrails. Results from this paper demonstrate how guardrails can obfuscate crucial targets, such
as pedestrians and nearby stationary vehicles. A novel guardrail system for high-pedestrian density areas
is proposed. Further RCS reduction of this design is achieved through a proposed diffraction mitigation
technique. Simulations using this proposed guardrail system predict over 25-dB reduction in guardrail RCS.
Results from this paper show that guardrails with low RCS improve the visibility of adjacent stationary
targets, and thus have the potential to reduce accidents and possibly save lives.

INDEX TERMS Automotive radar, radar antenna, simulation, radar cross section.

I. INTRODUCTION
The vision for fully autonomous vehicles equipped with
active safety and comfort systems is fast becoming a reality
due to the recent rapid developments in advanced driver assis-
tance systems (ADAS). While fully autonomous vehicles are
the ultimate goal, an even more pressing requirement has
been the need to make roads safer by equipping vehicles with
active/passive safety/comfort systems that relieve the driver
of any fatigue inducing driving routines while providing cru-
cial situational information.

According to surveys, approximately 90% of accidents are
due to human error [1]. Car accidents and their associated
costs account to almost 3% of the world’s gross domestic
product in expenditure [1]. In addition, over 1.25 million
people lost their lives worldwide in 2016 to car accidents [2].
In 2010, the United Nations General Assembly declared the
years 2011 to 2020 as the Decade of Action for Road Safety.
To make roads safer, today’s vehicles are equipped with
advanced driver assistance systems that can provide crucial
safety information such as vehicles in the driver’s blind spot.
In some cases, such as in the automatic emergency braking
system (AEB), the vehicle is able to control itself to avoid a
collision. Fig. 1 shows some of the advanced driver assistance
systems that are available in today’s vehicles.

FIGURE 1. Advanced driver assistance systems (ADAS) for active/passive
safety/comfort functionality in today’s vehicles.

In order for vehicles to have the capabilities shown in Fig.1,
they should have an awareness of their position, bearing and
velocity in relation to other actors in a traffic scene. Specif-
ically, vehicles must be able to map the distance, velocity
and angle of arrival of multiple targets in a highly dynamic
environment. Light detection and ranging (Lidar), opti-
cal cameras [3]–[6], radio detection and ranging (Radar)
and ultrasonic sensors are some of the technologies that
are employed to equip vehicles with highly accurate
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situational awareness. While the car of the future will rou-
tinely fuse data from all these sensors, radar has emerged as
the primary sensor technology in active safety/comfort sys-
tems. This is because radar is a robust and relatively inexpen-
sive technology that can simultaneously provide the range,
velocity and angle of arrival of multiple targets under poor
lighting and inclement weather conditions [7]. Automotive
radar finds application in adaptive cruise control (ACC), blind
spot detection (BSD), rear and front cross traffic alert (CTA),
pre-crash warning and automatic emergency braking (AEB)
systems.

While radar is a mature technology, it’s application in
fully autonomous vehicles demands rigorous and extensive
testing and validation. Specifically, as radar evolves from
merely assisting drivers to passing on sensor information that
is used to autonomously control vehicles, stricter reliabil-
ity constraints will be placed on automotive radar systems.
It has been estimated that around 8.8 billion miles [8] of
testing will need to be completed before fully autonomous
vehicles and their associated sensors are deemed safe for
mainstream deployment. To test radar systems, companies
and researchers routinely build and test radar systems in live
traffic scenarios [7], [9]–[13]. However, this is an expensive,
time consuming and impractical approach. Simulation of
radar traffic scenes is the only practical way of meeting the
rigorous testing demands and demonstrating the reliability
of automotive radar systems. Furthermore, using simulation,
automotive radar corner cases can be investigated at no risk
to automotive companies. Specifically, there are particular
scenarios that exist outside of normal operational conditions
that can prove fatal for test engineers or future passengers and
drivers if not accounted for in radar system design.

An interesting corner case is the impact of road guardrails
on radar returns. Guardrails can present themselves to auto-
motive radar systems as high radar cross section targets due
to the prevailing dihedral shape of guardrail posts. Dihedrals
possess large back-scattering radar cross sections over wide
observation angles [14]. Strong radar returns from targets
outside the area of interest can confuse radar sensors and lead
to either false target identification or failure to detect targets
near the guardrail.

Adaptive cruise control (ACC) and automatic emergency
braking systems are particularly vulnerable to false targets
as they can suddenly slow down a vehicle and potentially
cause a rear end collision [1]. For example, Acura recalled
48 000 vehicles due to a faulty emergency braking system
caused by radar systems malfunctioning when the vehicle
ahead accelerated next to a guardrail or fence. In addi-
tion, the National Highway Traffic Safety Administration
(NHTSA) investigated instances of Jeep Grand Cherokees
unexpectedly engaging the automatic emergency system [15].

Sensor fusion (camera and radar) and probabilistic tracking
algorithms have been used to detect guardrails [15]–[17].
However, the success rate of guardrail detection varied
in [16], depending on the traffic scene. Furthermore, proba-
bilistic tracking algorithms do not use full physics approaches

to model the guardrails. As will be shown in this paper,
full physics simulations reveal the distributed nature of radar
scene targets while providing insight into other electromag-
netic phenomena that simply cannot be picked up by proba-
bilistic approaches.

Both sensor fusion and probabilistic algorithms depend on
radar returns to filter out guardrails. Simulation, therefore,
is the only practical way of rapidly determining the radar
returns of different guardrail designs for sensor fusion and
probabilistic algorithm development. Furthermore, cameras
and Lidar sensors are affected significantly by visibility and
inclement weather, respectively [18]. On the other hand,
radar is not significantly affected by visibility and inclement
weather, therefore, there can be operating conditions where
radar is the only reliable sensor thus making sensor fusion
impossible.With this in mind, it is crucial for the radar system
of an autonomous vehicle to be extremely reliable.

Full-physics based, electromagnetics simulations of radar
traffic scenes have traditionally been highly inefficient due to
the large electrical size of radar scenes. Specifically, a typ-
ical, full-scale traffic scene is hundreds of billions of cubic
wavelengths in size at 77 GHz. While other electromagnet-
ics simulation solvers can model antennas and their associ-
ated placement and packaging effects, they cannot carry out
a full-physics, electromagnetics analysis of full size radar
scenes. Currently, radar scene simulations are conducted on
a system level where the targets are considered as point
scatterers or reflection models. Such approaches are not full-
physics based and neglect the distributed nature of scatterers
while failing to capture crucial electromagnetic responses of
various targets [19]–[21]. In this paper, the impact of road
guardrails on radar returns is investigated using ANSYS’
high frequency structure simulator shooting and bouncing
ray solver (HFSS SBR+). HFSS SBR+ is a high frequency,
asymptotic ray tracing electromagnetic solver that uses phys-
ical optics to efficiently solve electrically large problems.
Here, HFSS SBR+ was used because of its unique capabil-
ity to carry out a full-physics electromagnetic analysis of a
radar scene while including all electromagnetic transmission,
reflection, refraction and diffraction effects.

This paper is organized as follows: Section II focuses on
some radar basics and simulation set up. Section III shows
the radar returns of a full scale traffic scene with and without
guardrails. In section IV, a novel guardrail design is presented.
This design has over 25 dB reduction in RCS when compared
to conventional guardrails. Here, the Doppler-range maps
of the novel and conventional guardrail system designs are
compared. Results from simulation show that such a guardrail
design can be deployed in regions that have a large traffic/
pedestrian density to ensure that the radar system can filter
out guardrails in an otherwise complex environment.

This paper has two main contributions, first, it is a full
physics based simulation study of road guardrails and their
impact on automotive radar returns. Secondly, this work
proposes a novel guardrail system that exhibits low RCS
along with a radar signature that can be easily filtered.
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Such characteristics can aid in easier guardrail and stationary
target identification. Accurate guardrail detection can help in
preventing accidents and possibly saving lives.

II. TRAFFIC SCENE SIMULATION SETUP IN HFSS SBR+

A. RADAR BASICS
Radar systems emit short bursts of electromagnetic waves and
listen for the time delayed, reflected waves that may have
encountered an obstacle. For a monostatic radar, the reflected
signal power Pr for a target d meters away can be obtained
using the radar range equation [22].

Pr =
PtGtGrλ2σRCS

(4π )3d4
(1)

Here Pt ,Gt ,Gr , σRCS and λ represent the peak transmitted
power, transmit antenna gain, receive antenna gain, target
radar cross section and free space wavelength of the emitted
signal. As mentioned previously, guardrails have large radar
returns due to the corner reflector shape of the guardrail posts.
The maximum RCS of a perfectly conducting dihedral post
is given by [23]

σRCSmax =
8πw2h2

λ2
(2)

Here w and h represent the width and height of the two
orthogonal faces, respectively.

While the implementation of various radar systems may
vary, radar systems typically seek to simultaneously deter-
mine the range, velocity and direction of arrival of multiple
targets [13], [24], [25]. Pulsed continuous continuous wave,
frequencymodulated continuous wave (FMCW), stepped fre-
quency continuous wave (SFCW) and orthogonal frequency
division multiplexing are some of the popular variations of
radar system implementation [26]. In this paper, HFSS SBR+
will be used to implement a frequency-modulated interrupted
continuous-wave radar scheme (FMiCW).

B. SIMULATION SETUP
The traffic scene and its various actors was designed in
HFSS SBR+. Fig. 2 shows a full size traffic scene that was
modelled in HFSS SBR+ along with the associated range and
velocity of each of the targets. Vehicle bodies were assigned
as perfect electrical conductors while the road was modelled
as a layered impedance asphalt surface. Pedestrians were
modelled using the single material dry skin model [27], [28].
Here, the relative dielectric constant and conductivity are
εr = 6.6 and σ = 38.38 S/m, respectively. The transmit
and receive antennas are tapered, series-fed microstrip patch
antenna arrays [29], [30] that were designed and optimized at
77 GHz using HFSS FEM solver. Fig. 3 shows the transmit
and receive antennas and their associated far field radiation
patterns. A summary of the radar simulation parameters is
shown in Table.1

III. SIMULATION RESULTS
A radar system can be viewed as an antenna coupling problem
in the presence of a scatterer. Specifically, HFSS SBR+ ana-
lyzes a radar traffic scene by interrogating the scene and its

FIGURE 2. Full size (1:1 scale) traffic scene that will be analyzed using
HFSS SBR+. The target of particular interest is the pedestrian who is
20 meters ahead of the ego vehicle.

FIGURE 3. Design and far field radiation patterns of the a) Transmit and
b) Receive antennas. These antennas are series-fed, microstrip patch
antenna arrays that were designed and optimized at 77 GHz using HFSS
FEM solver.

TABLE 1. Radar Parameters For Simulation Setup

actors using an up-ramp chirp signal. This means that in each
pulse, the frequency of the signal is increased from 76.85GHz
to 77.15 GHz. After transmitting the pulse, the transmit
antenna is turned off while the receive antenna samples the
scattered signal. This scattered signal is weighted by the
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radiation pattern of the receive antenna. Using the real and
imaginary scattered S parameters, range plots and Doppler-
range maps can be obtained with HFSS SBR+. Specifically,
an inverse fast Fourier transform (IFFT) of the scattered S
parameters is carried out to obtain time domain data that can
be easily converted into a range profile since the speed of the
signal, c, in free space is known. A Doppler-range map can
be constructed by loading multiple range profiles into a radar
data matrix and carrying out a fast Fourier transform (FFT)
along the columns. The frequency and time domain repre-
sentations of linear frequency modulated (LFM) pulse wave-
forms and their associated equations are shown in [31].

FIGURE 4. Doppler-range map of the radar traffic scene shown
in Fig. 2 with the various actors and scene targets superimposed for
easier identification. Full physics simulations show that a target is
actually a range distributed scatterer as opposed to a point scatterer.

A. OPEN SCENE WITHOUT GUARDRAILS
Fig. 4 shows the Doppler-range map for the traffic scene
shown in Fig. 2 with the various actors superimposed on the
radar returns for easier identification. It is important to note
that this Doppler-range map was obtained using a full physics
approach. This means that the propagation, refraction and
reflection of electromagnetic waves that make up the FMiCW
signal are fully simulated here. This full-physics approach
can be seen in the nature of the range distributed radar returns
of various targets in the traffic scene. Specifically, a full
physics simulation shows that traffic scene actors cannot
be considered as point scatterers. Since the ego vehicle is
travelling at 10 m/s, all the stationary targets show a relative
velocity of 10m/s. The truck and bus were recorded as having
velocities lower than their actual velocities because they are
travelling in the direction perpendicular to the ego vehicle.

B. GUARDRAIL CONFINED RADAR SCENE
To investigate the impact of guardrails on radar returns,
full size, corrugated w-beam guardrails were placed on both
sides of the road shown in Fig. 2. The dimensions, spac-
ing and geometry of the guardrails are to NHTSA specifi-
cations. Fig. 5 shows the Doppler-range map of the scene
in Fig. 2 when guardrails are placed on either side of the
road. This Doppler-range map should be compared to Fig. 4.
Note that both Doppler-range maps use the same intensity

FIGURE 5. Doppler-range map of the radar traffic scene shown
in Fig. 2 with guardrails on either side of the road. Guardrails provide
strong returns that resemble multiple stationary targets. Comparing
Fig. 4 and Fig. 5 shows how the pedestrian radar returns are
overwhelmed by guardrails.

scale for a direct comparison. From Fig. 5, it can be seen that
guardrails present themselves as extremely strong stationary
targets. Of even greater significance is how guardrail returns
are overwhelming pedestrian radar returns. Such a result
shows that crucial stationary targets near guardrails can be
obfuscated by the strong radar returns of guardrails. Specif-
ically, in order for autonomous vehicles to operate based on
radar returns, they need to be able to filter out certain radar
returns belonging to targets such as guardrails while simulta-
neously tracking targets of interests such as pedestrians and
vehicles. Guardrails complicate this process by presenting the
radar system with multiple stationary targets that have strong
radar returns. During guardrail filtering, a radar system can
possibly, by mistake, ignore a pedestrian standing next to the
guardrails.

FIGURE 6. Range profile for different road scenarios a) Empty road with
no actors b) Road with actors but no guardrails as shown in Fig. 2 c) Road
with actors and guardrails. Observe how guardrails dominate the range
profile of the entire scene.

Another way to see how guardrails saturate traffic scene
radar returns is to look at single range profiles. Fig. 6 shows
a range profile for three different instances. In the first case,
an empty, guardrail confined road with no actors is interro-
gated. In the second case, the guardrails are removed and
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replaced with the same scene as in Fig. 2. Finally, a scene
with both guardrails and actors is also interrogated. It can
be seen that the guardrail radar returns dominate the overall
characteristics of the range profile. As already noted, this
is because guardrails posts are shaped like dihedral corner
reflectors. The w-beam corrugated shape of the rails also
enhances the guardrail RCS.

IV. A NOVEL LOW RCS GUARDRAIL SYSTEM FOR
HIGH TRAFFIC DENSITY AREAS
A. GEOMETRY AND MATERIAL-BASED RCS
REDUCTION TECHNIQUES
Amature technique of reducing the RCS of targets especially
in military applications is to coat them in materials that act
as either passive or active radar absorbers [14]. Conven-
tional radar absorbers reduce the intensity of the reflected
signal through destructive interference and/or by absorbing
the incident electromagnetic energy and converting it into into
heat [32]. Active absorbers such as the phase-switched-screen
PSS reduce the RCS by modulating the interrogating incident
signal and redistributing its energy over a wide bandwidth
typically into the sidebands of the radar receiver. As a result
of this, a very small amount of reflected energy will be within
the bandwidth of the receiver, thus making the target virtually
invisible [33], [34]. Even more interesting radar deception
techniques can be achieved using the PSS to generate mul-
tiple targets with almost identical range profiles at different
locations [35], [36]. Although effective in other applications,
passive and active absorbers may not be well suited for
application in road infrastructure due to cost, practicality of
implementation and reliability. Specifically, to use passive
absorbers, guardrails would need to be coated by 2 to 3 inches
of the absorbing material to avoid reflections from the back-
ing guardrail metal [32]. Furthermore, at 77 GHz, absorbers
are extremely sensitive to material depth, deformation, adhe-
sive or paint layers, transition gradient of loaded materials
and inhomogeneity of material properties [32]. Another issue
is the durability of the absorbers and their ability to withstand
multiple weather season cycles. Active absorbers such as
the PSS are expensive to implement in road infrastructure
that will need to be deployed on a large scale. Furthermore,
a PSS based guardrail system will require highly reliable and
robust electronic components to prevent any possible system
malfunction over a long period of time. On the other hand,
a geometry based RCS reduction approach will not require
any costly material or electronics additions to the existing
infrastructure. Furthermore, the materials used in today’s
guardrails are highly reliable and resistant to weather effects.
For these reasons, this paper will focus only on geometry
based RCS reduction techniques.

B. PROPOSED GUARDRAIL WITH GEOMETRY-BASED
RCS REDUCTION
In the previous section, the large RCS of road guardrails was
investigated and shown to have the ability to potentially mask

the presence of crucial, low velocity targets in the guardrail’s
proximity. This can be dangerous in high traffic/pedestrian
density areas. In this section, a novel guardrail system with
a low RCS is proposed for such areas. Low RCS guardrails
make it easier for automotive radar systems to filter them
out during operation. Here, the guardrail design is based on
the w-beam corrugated guardrail that was already presented.
In order to reduce the guardrail post RCS, a flat metallic
sheet was put in place of the w-beam to entirely cover the
posts. This is because w-beam rails also exhibit some dihedral
scattering characteristics. However, a flat sheet is not a good
back-scatterer at oblique angles of incidence. It is important
to note that the rest of the guardrail posts dimensions such as
height remained unchanged to adhere to NHTSA’s standards.

FIGURE 7. Range profiles for empty roads with a) The conventional
w-beam corrugated guardrail b) Flat sheet guardrail system. The proposed
guardrail system has a lower RCS than a conventional guardrail system.

To investigate the impact of this design, a 42.5m long
section of the novel guardrail system was simulated using
HFSS SBR+. Fig. 7 shows the proposed guardrail design and
range profiles of both the conventional w-beam guardrail and
the proposed flat sheet guardrail system. As seen in Fig. 7,
the proposed guardrail system lowers the RCS by over 25 dB.
The goal is to design a guardrail system that does not have a
large enough RCS to overwhelm radar sensors in areas with
multiple low velocity actors such as pedestrians.

C. REDUCTION OF PROPOSED GUARDRAIL SYSTEM RCS
THROUGH EDGE DIFFRACTION MITIGATION
Although the proposed guardrail system shown in Fig. 7 has a
much lower RCS, the radar returns of this proposed guardrail
are not consistent with its length. Specifically, the pro-
posed guardrail system has relatively prominent radar returns
between 42.5m and 60m. On the other hand, the radar returns
of the conventional guardrail system are consistent with its
length as shown in Fig.7. This can be explained using the
theory of edge diffraction [37]. Specifically, the edges of
the flat metal plate create current discontinuities that lead to
diffraction [38]. It is these diffracted rays that are reflected
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back onto the opposite flat plate before they are finally cap-
tured by the receive antenna of the radar system. Rays that
experience multiple bounces before returning to the radar
sensor can represent a larger range due to their increased
path length. While diffraction still occurs on the w-beam
guardrail edges, the orientation of the diffraction edge favors
scattering in the direction away from the reflecting walls.
Furthermore, the curvature of the w-beam guardrail destruc-
tively distorts the reflection phase fronts of any diffraction
rays incident on it.

FIGURE 8. Range profiles for empty roads with a) The proposed guardrail
plate with flat edges b) The proposed guardrail plate with rounded edges.
Rounding the plate edges reduces the current J discontinuity and thus
reduces the overall radar returns of the proposed guardrail system.

One way of reducing diffraction is to reduce the current
discontinuity at the plate edges by rounding the flat plate
edges. Fig. 8 shows the proposed guardrail system with
flat and rounded edges. As predicted, the radar returns of
the rounded edge plate decay consistently with the physical
extents of the guardrail. To demonstrate the effectiveness of
the diffraction reduction technique applied here, an empty
road, 42.5m long was fitted with the conventional w-beam
guardrails and the proposed guardrail system with rounded
edges. Fig. 9 shows a comparison of the range profiles of
these two scenarios. Here, the radar returns of the proposed
guardrail system are consistent with its physical length due to
a reduction of the edge diffraction effects. It should be noted
that the setup for the simulation in Fig.9 is identical to the one
used in Fig. 7 except for the now rounded plate edges.

D. INVESTIGATING THE EFFECTIVENESS OF THE
PROPOSED GUARDRAIL SYSTEM IN
FULL TRAFFIC SCENES
To investigate the effectiveness of the proposed guardrail
system, a scene identical to Fig. 2 was fittedwith the proposed
guardrail system. Fig. 10 shows range profiles of the scene
in Fig. 2 and the same scene fitted with the proposed guardrail
system. Of interest is how the range profiles more closely
follow each other as compared to the case shown in Fig. 6.

FIGURE 9. Range profiles for empty roads with a) The conventional
w-beam corrugated guardrail b) Flat sheet guardrail system with rounded
edges for diffraction mitigation. Mitigating diffraction effects makes the
radar returns of the proposed guardrail system consistent with its
physical extents.

FIGURE 10. Range profiles for the full traffic scene shown
in Fig. 2 a) Without guardrails b) With the proposed guardrail system with
diffraction mitigating rounded edges. The proposed guardrail system does
not overwhelm the radar returns of other actors in the scene.

Here, the guardrails are not overwhelming the radar returns
of the various actors in the scene. A lower guardrail RCS
is extremely important as it makes it easier for the radar
system to identify pedestrians standing next to the guardrail.
Fig. 11 shows the Doppler-range map of the scene shown
in Fig. 2 when the proposed guardrails are installed before
diffraction mitigation. As predicted, when compared to the
conventional guardrail system (see Fig. 5), the proposed
guardrail system has a much lower RCS as evidenced by
the reduced radar returns. Here, the stationary pedestrian
can now be seen at a range of 20 meters with a relative
velocity of 10 m/s.
Although the proposed guardrail system shown

in Fig. 10 and Fig. 11 does not overwhelm the radar returns
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FIGURE 11. Doppler-range map of the traffic scene shown in Fig. 2 when
fitted with the proposed guardrail system before diffraction mitigation.

FIGURE 12. Doppler-range map of the traffic scene shown in Fig. 2 when
fitted with the proposed guardrail system after diffraction mitigation.This
should be compared to the Doppler-range map of the conventional
w-beam corrugated guardrail shown in Fig. 5.

of other actors in the scene, it also introduces its own
radar returns. Specifically, there are strong returns observed
between the 3m and 28m range. The first two peaks corre-
spond to the radar returns of the guardrail plate immediately
to the sides of the ego vehicle. Here, rays from the transmit
antenna have normal incidence to the metallic plates. The
reflected rays are captured by the receive antenna sidelobes
and thus present strong returns due to their proximity. The
remaining radar return peaks from 10m to 28m cannot be
simply explained using Snell’s law of reflection. This is
because Snell’s law predicts that the incident rays would be
reflected forward at an angle equal to the angle of incidence
due to the guardrail’s flat geometry. However, the additional
peaks can be explained using both Snell’s law of reflection
and the theory of edge diffraction [37]. Specifically, edge
diffracted rays at the edges of the guardrails backscatter to the
receive antenna either via direct paths or single bounce paths.
To demonstrate this, another simulation of the proposed
guardrail system with diffraction mitigating rounded edges
was carried out. Fig. 12 shows the Doppler-range map for the
scene shown in Fig. 2 with the diffraction mitigated proposed
guardrail system. By comparing Fig. 11 and Fig. 12, it can be
seen that almost all the peaks corresponding to the proposed
guardrail system between 10m and 28m disappear when the
diffraction effects are mitigated. The remaining peaks are due
to the side reflection of the guardrail system. By comparing

Fig. 12 and Fig. 5, it can be seen that the remaining two peaks
of the proposed guardrail system in Fig. 12 are much easier
to filter out of the Doppler-range map than those in Fig. 5.

A salient feature of the proposed guardrail system is the
almost 0m/s relative radial velocity that it presents to the ego
vehicle travelling at 10m/s as seen in Fig. 12. This means that
the guardrail system seems to be travelling at 10 m/s as well.
This can be explained by considering that radar measures the
radial velocity, therefore, a high velocity perpendicular to the
ego vehicle can be perceived as a low radial velocity. In this
case, the proposed guardrail system exhibits an almost 0 m/s
radial velocity because of its low back-scattering geometry at
oblique incidence. Only the portion of the guardrails next to
the ego vehicle back-scatter significant radar returns at near
normal incidence angles. Such Doppler-range characteristics
of the proposed design can be exploited to make it even easier
to filter out the guardrail system. This should be compared
to the dihedral posts in the conventional guardrail system
(see Fig. 5) that exhibit a larger back-scatter RCS and thus
a greater radial velocity (equal to that of stationary targets) to
the radar system.

V. CONCLUSION
Radar is the primary sensor technology for active safety and
advanced driver assistance systems because it can simul-
taneously determine the range, velocity and direction of
arrival of multiple targets without being adversely affected by
inclement weather and low visibility. Before radar systems
are deployed in fully autonomous vehicles, they need to
be extensively tested for reliability. Simulation has emerged
as the most practical way of investigating automotive radar
corner cases. In this paper, HFSS SBR+ full physics based
simulations were used to investigate the high radar returns
of road guardrails. Results from this study showed how
guardrails can obfuscate low velocity targets such as a pedes-
trian 20 meters away from the ego vehicle. Using insight
from this study, a novel, low RCS guardrail system for high
traffic/pedestrian density areas was proposed. Further RCS
reduction of this proposed guardrail system was achieved
by rounding the plate edges to reduce current discontinuity.
Simulations showed a reduction in radar returns by over
25 dB. Low RCS guardrails allow for easier filtering of
guardrail systems while improving the visibility of critical
targets such as pedestrians standing next to guardrails.
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