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Abstract—Since the number of radar sensors per vehicle has
been increasing in order to improve the performance of Advanced
Driver Assistance Systems, mutual interference has become one of
the most important challenges for near future automotive radar
systems. Depending on the sensor parameters and the diverse
properties of the traffic scenario, the interference effects can
significantly vary. The effort to measure and appraise the interfer-
ence in real traffic scenarios leads to the importance of designing
a tool suited to simulate and analyze the interference. This paper
presents a fast simulator capable of modeling, estimating, and
evaluating the effects of interference in complex multi-user traffic
scenarios. A statistical analysis of the interference in a proposed
scenario is performed in order to validate the presented simulator.

Index Terms—Automotive radar, interference, simulation.

I. INTRODUCTION

Current vehicles are equipped with automotive radar sensors
to provide driver assistance functions such as adaptive cruise
control (ACC), lane change assistance (LCA), and blind spot
detection (BSD). Near-future systems involve sophisticated
radar networks with multiple sensors placed around the vehicle
for 360◦ coverage. Despite the fact that the use of multiple
radar sensors is advantageous to provide a better understand-
ing of the vehicles surroundings, the issue of interference
arises when considering real traffic scenarios with several
vehicles [1]. Previous works focused on measuring and study-
ing the impact of interference between two different radar
sensors [2]. However, real traffic scenarios contain multiple
radar sensors which, depending on their own parameters and
the scenario deployment, can or cannot interfere with each
other. Hence, it becomes hardly possible to perform several
measurements under the very same conditions in order to
estimate the statistics of the interference and evaluate the
performance of new counteracting strategies. To tackle this
problem, a simulator tool capable of reproducing a desired
scenario becomes a practical and advantageous solution.

This paper presents the design of a fast interference simula-
tor for the statistical analysis of realistic traffic scenarios. The
simulator is able to recreate different scenarios, which involve
several vehicles equipped with multiple potential interfering
radars. The targets and the channel are modeled in order
to simulate the echo signals coming from targets and the
interfering signals. A radar simulator in charge of the signal
processing chain is also included. As an example, one common
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Fig. 1. Transmitted victim chirps (black) and interferer chirps (red). The
interference is observed in the first victim chirp within the interval [tI0 , tIf ],
while in the second chirp no interference is present.

traffic scenario is evaluated by the implemented simulator, and
a statistical analysis of the interference occurrence is done.

II. THE INTERFERENCE PROBLEM

Modern automotive radar sensors use the well-known chirp-
sequence modulation scheme [3] and operate mainly in the
76 GHz – 77 GHz and 77 GHz – 81 GHz frequency ranges.
Considering one victim radar, interference occurs when a
signal generated by another sensor impinges inside the field
of view (FoV) of the victim, and this signal overlaps in
frequency and time with the signal generated by the local
oscillator of the victim radar. A common interference situation
of two chirp-sequence modulated sensors is depicted in Fig. 1.
The impact of the interference is directly related to the
receiver bandwidth of the victim radar BRX and the difference
between the slopes of the victim and the interferer sensors
∆µ. When the frequency ramps of victim and interferer
cross each other (∆µ 6= 0), the noise floor can significantly
increase [2] corrupting the detection of targets with low radar-
cross section (RCS). Therefore, a larger BRX results in more
affected samples with a considerable amount of interference
power. On the contrary, when ∆µ= 0, the victim and interferer
frequency ramps are parallel to each other, leading to the
appearance of ghost targets. This last case is very unlikely
because in practice there is no correlation between the phase
noise of the interference signal and the signal of the victims
local oscillator.

III. INTERFERENCE SIMULATOR

The interference simulator is developed in MATLAB and
is divided in two main blocks. The first block, which is in978–1–7281–8942–0/20/$31.00 ©2020 IEEE



charge of the scenario modeling and the target representation,
is referred to the target simulator. The second block is related
to the signal and channel modeling, the signal processing and
interference analysis.

A catalog including different types of scenarios worth
analyzing is developed. It contains traffic situations with high
sensor density and low dynamism, like a traffic jam, as well as
scenarios with low sensor density and low dynamism, such as
a parking situation. Traffic scenarios with high dynamism, e.g.
highways, with low or high sensor density are also covered.
The output of the first block is a simulated target list, which
includes the range, relative radial velocity, azimuth angle, and
an RCS factor of each visible target. Due to the fact that the
scenario is constantly changing through the time, the simulated
target list is calculated for each simulation step.

A. Target Modeling

Because the scenarios are mainly composed of vehicles and
pedestrians, it becomes necessary to model them appropriately.
With the aim of designing a fast simulator, complex targets
are represented by clouds of scattering centers with a defined
RCS. According to [4], fourteen positions around a vehicle
show substantial scattering contributions. These positions are
illustrated in Fig. 2 and correspond to the front and rear lights
reflectors, the license plates, the side mirrors, the wheel arches,
and the B-pillars. To compute the RCS, a factor between 0
and 1 is assigned to each scattering center depending on the
incident angle. Since target vehicles can also be equipped with
potential interfering sensors, it is possible to make use of some
scattering centers positions and consider them also as positions
of potential interfering radars. In this way, it is determined
that scattering centers located at positions 1, 6, 7, 8, and 13
correspond to suitable positions for SRR/MRR sensors, while
position 14 is proper for an LRR sensor.

Pedestrians also have to be considered in the simulator. In
the simplest case, a pedestrian can be modeled as a single
scattering center with an RCS of −5 dBsm. However, the
simulator is able to represent the human body using several
scattering centers with a slightly different RCS [5].

Shadowing effects due to obstacles located in the line of
sight (LoS) between the victim radar and the targets are taken
into account, meaning that the target simulator only provides
information about the visible scattering centers. An example
of this situation is provided in Fig. 2.

B. Channel Modeling

The second block is a radar simulator capable of modeling
and processing the intermediate frequency (IF) time domain
signals that the victim radar receives. This block uses the
simulated target list that is generated previously by the target
simulator and, using a predefined catalog of sensors, models
the IF time domain signals. For the following analysis the
subscript “V” refers to the victim sensor parameters and
“I” to the interferer sensor parameters. The IF signals that
correspond to the targets echoes are generated applying the
model suggested in [3]. Similarly, the IF of the interfering
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Fig. 2. The scattering and sensor positions are depicted for vehicle 3. As
an example of shadowing effects, vehicle 1 is equipped with a victim sensor
and some scattering centers of vehicle 2 are visible, whereas some scattering
centers of vehicle 3 are covered by vehicle 2.

signals is modeled as follows. The local oscillator in the victim
radar generates a signal with a phase described as

ϕTX(t) = 2π
(
fcV t+

µ
V

2
t2
)
, (1)
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slope. The local oscillator in the interferer radar also generates
a signal with a phase similar to (1). This signal impinges
the victim radar with a delay τ

I
=R

c + v
c t, where R and v are

the range and relative radial velocity between the victim and
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simulated target list of the associated scattering center. The
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where ∆fc and ∆µ are the carrier frequency and slope differ-
ences of the involved radars, respectively, and t∈ [tI0 , tIf ].

The amplitude of the IF signal is

A ∝
√

2

2

√
PIGIGV λ2

(4πR)2
Γ , (4)

where PI and GI are the power and gain of the interferer
antenna, and GV is the gain of the victim antenna. GI depends
on the azimuth and elevation angles where the victim radar
is seen by the interferer radar. Similarly, GV depends on
the azimuth and elevation angles where the interferer is seen
by the victim. The wavelength λ is related to the carrier
frequency of the victim radar. Road characteristics are included
in the attenuation factor Γ, which, according to [6], can be
defined as the product of the Fresnel reflection coefficient ΓF

and a roughness factor ΓR. It is worth mentioning that in
this case the amplitude is proportional to the square root of
1
R2 instead of 1

R4 , as the signal travels just one way distance.



Fig. 3. Simulated radiation pattern for SRR/MRR sensors. The following
parameter constraints are taken into account: EIRP=30dBm, maximum
transmit power Pt =10dBm, 10 dB azimuth beamwidth of ±60◦, and 10 dB
elevation beamwidth of ±12◦.

A catalog with random radar parameters that satisfy the
requirements for LRR, MRR, and SRR sensors is included.
These requirements comprise maximum unambiguous range
and velocity, range resolution, FoV, and equivalent isotropic
radiated power (EIRP). According to the number of interferers
that are necessary to simulate one scenario, new sensors with
random parameters can be generated. An example of this
catalog is shown in Table I. In order to avoid interference
between the sensors that are placed on the same vehicle, a
TDM (time division multiplexing) approach is defined. This
is done by ensuring that the sensors in the frontal and rear part
are not active at the same time. Regarding the transmitting and
receiving antenna characteristics, the simulator uses predefined
antenna radiation patterns suited for LRR, MRR, and SRR
sensors. These accomplish the standardized values presented
in [7]. As an example, Fig. 3 shows a simulated radiation
pattern adapted for SRR/MRR sensors.

The generated raw data is stored in a data cube that contains
the information of each time sample for each down-converted
chirp and for each channel. The raw data passes through the
traditional signal processing chain which includes windowing,
the application of the fast Fourier transforms (FFT), as well
as a 2D constant false alarm rate (CFAR) and a peak search
algorithm. No tracking algorithms are considered. As a result,
a list containing the range, velocity, and azimuth angle of the
estimated targets is obtained. Additionally, the noise floor can
be calculated from the range-velocity spectrum.

The time duration of the scenario together with the number
of simulation steps (iterations) can be adjusted. One simulation
step has a time duration Ts and comprises the interpretation
of the selected scenario, the generation of the simulated target
list, and corresponding IF signals, as well as the application
of the radar signal processing chain and evaluation criterions
of interference.

The simulator is able to choose between two propagation
models. The fastest and straightforward approach to model
the channel is to consider just the LoS component of the
signals. Under the assumption that the victim and interferer
radar sensors are located at the same height above the ground,
and denoting R

1
as the distance between the radars, the

down-converted LoS signal component sIF1
(t) has a phase

ϕIF1
(t) defined by (3) with range R =R1 . The amplitude A1

is given by (4), with R =R1 and Γ = 1. Moreover, GI and GV
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Fig. 4. Geometry of the two-path model.

are determined by the interferer azimuth angle and a fixed
elevation angle of 0◦.

A more complete analysis, which includes the material prop-
erties of the street, is the so-called two-path propagation model
represented in Fig. 4. The model considers the superposition of
the LoS and two-path signal components of the interference. In
this case the length of the second path is R

2
=
√

(2hV )2 +R2
1
.

The received signal due to the ground reflection sIF2
(t) can be

interpreted as an additional signal with a phase ϕIF2
(t) defined

also by (3) but with range R =R2 . Furthermore, the amplitude
A

2
of sIF2

(t) is defined by (4) with R =R
2
, but now taking into

account that the signal is impinging with an elevation angle
β 6= 0◦. Due to the ground reflection, it becomes necessary to
model the Fresnel reflection coefficient ΓF and the roughness
factor ΓR.

The permittivity of asphalt at 77 GHz (εra = 4.4 − j0.3) is
considered in order to calculate ΓF [6]. The Fresnel reflection
coefficient is analyzed with respect to the LoS distance R

1
for

vertically and horizontally polarized radars. It is observed that
vertically polarized radars produce a lower reflection value,
meaning a reduced effect of the interferer two-path component.

The roughness factor ΓR considers the fact that road sur-
faces are not completely smooth and, as a result, part of
the incident field is scattered in other directions reducing
the specularly reflected components. The modeling is per-
formed assuming Gaussian distributed height fluctuations with
a defined standard deviation of the profile height fluctuations
(σh) inside the first Fresnel zone. Different values of σh
representing the cases of streets with smooth asphalt and
unpaved roads are considered. Carrying out an analysis of
ΓR with respect to the LoS distance R1 , it is observed a
higher impact in the superposition of the LoS and two-path
component of the interference when good road conditions
(smooth asphalt) are present.

A power analysis of the superposition of the LoS and two-
path components of the interfering signal as a function of
the LoS distance R

1
is done. Fig. 5 presents the signal-to-

noise-and-interference ratio (SNIR) variation when simulating
a static target of 10 dBsm at a fixed distance of 10 m from the
victim sensor (S-20 from Table I). An interferer radar (S-21)
is located in front of the victim and the LoS distance between
the sensors is swept. Note that this situation is prone to happen
in the scenario depicted in Fig. 2, when vehicle 3 (equipped
with an interferer sensor in the rear part) overtakes vehicles 1
(standing victim) and 2 (standing target). The simulation is run
considering a road with smooth asphalt and also considering
the case of an unpaved road. Prominent SNIR variations of
scenarios deployed in roads with smooth asphalt are observed.
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Fig. 5. SNIR comparison for smooth asphalt (red) and an unpaved road
(blue). The dotted lines represent the boundaries of the SNIR variation, while
the solid lines depict the exact value for the simulated parameters.

Nevertheless, large SNIR variations still being appreciable
in case of unpaved roads, making unfeasible to establish an
accurate model to analyze real scenarios, where it is difficult
to set the actual properties of the ground.

TABLE I
EXEMPLARY CATALOG WITH SENSOR PARAMETERS. IT IS ASSUMED THAT

ALL THE SENSORS TRANSMIT THE SAME POWER OF 10 dBm.

Parameter S-1 S-2 S-7 S-20 S-21 S-23∗

Type MRR MRR LRR MRR MRR LRR
fc (GHz) 77 77 77.1 76.5 76.4 76.57

B (GHz) 1 1 0.19 1 1 0.17

BRX (MHz) 15 15 5 7.5 7.5 10

Tc (µs) 20 75 47 179 256 13.61

Tr (µs) 25 80 54 350 420 19.58

Tb (ms) 20 32 23 300 300 8.1

Chirp number 120 120 120 128 128 128

±FoV azi (◦) 60 60 10 22 22 10

EIRP (dBm) 30 30 40 30 30 40
∗Sensor with negative slope.

C. Considerations for the Analysis of Interference

Interference arises when overlaps in frequency, time, and
FoV of two different sensors take place. Hence, the simulator
must be able to model possible interference environments and
recognize which of them correspond to actual interference
situations. Scenarios with a high density number of sensors
could be prone to have high levels of interference. Neverthe-
less, when analyzing the interference effects over one victim
radar, it must be pointed out that due to shadowing effects
and the sensor distribution around the vehicles, just a small
portion of the present sensors are actually inside the victims
FoV. Additionally, some of those visible sensors can work
in a slightly different frequency band than B

V
, meaning that

they are not interfering (see interferer 1 of Fig. 6). Another
possibility is that the interferer indeed overlaps in frequency
and FoV with the victim. Nonetheless, depending on the chirp
duration Tc, chirp repetition time Tr, and chirp block time Tb
of both of them, it is possible for the interferer not to be
inside the victims receiver bandwidth BRX (see interferer 2
of Fig. 6). In addition, even when the victim and interferer
chirps intersect, the influence of the interference can drastically
change depending on |∆µ| and the sample where the interferer
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Fig. 6. Comparison for different potential interference situations. The victim
chirps and its corresponding receiver bandwidth BRX are depicted in green.

cuts the victim chirp, i.e. the interferer center. Therefore, a
low |∆µ| implies that the interferer is affecting during a large
time (see interferer 3 of Fig. 6), and a large |∆µ| translates
to a shorter duration of the interference (see interferer 4 of
Fig. 6). Whether the interferer center is at the beginning or
at the ending samples of the victim chirps, also produces an
effect due to the windowing applied in the signal processing
chain.

Fig. 7 depicts the range-velocity spectrum of the scenario
presented in Fig. 2 for different combinations of victim and
interferer sensors. In this case, vehicle 1 travels at 17 m

s and
contains the victim sensor (S-1 of Table I), while vehicle 2
is static at 30 m acting as target. Additionally, vehicle 2 is
equipped with one interferer sensor in the rear part. Respect
to the case when no interference is present, when S-2 is
used as interferer and both sensors start transmitting the
block of chirps at the same time, the noise floor during one
simulation step (with Ts =TbV ) increases from −85.5 dBm
to −78.7 dBm. In this case, the interferer is affecting all the
120 chirps of the victim. However, when the same interferer
is used but shifted in time by 120×Tr

2 in such a way that
only half of the victim chirps are affected, the interference-
induced noise floor (IINF) is −80.5 dBm. When using S-23
as interferer, |∆µ| is larger and the interferer chirps barely
cross some of the victim chirps at the beginning of its
samples increasing the IINF just to −84.2 dBm. On the other
hand, using S-7 as interferer the IINF increases drastically to
−66.4 dBm. This last result is due to the fact that almost all the
victim chirps are being affected during all TbV , and because
the interferer corresponds to an LRR sensor. Nevertheless, this
is an example of one simulation step. A complete analysis over
several simulation steps must be provided.

IV. ANALYSIS OF A TRAFFIC SCENARIO

One specific scenario can be selected and analyzed with
the simulator by comparing the results obtained when the
scenario is run without interference, with interference, and
with interference but using a simple mitigation approach.
The implemented mitigation approach is a simple algorithm
capable of detecting the time domain samples that are affected
by interference and setting them to zero [2]. This mitigation
approach is included in order to have a reference point to com-
pare improved and sophisticated mitigation algorithms [8], [9].

The scenario plotted in Fig. 8 is analyzed. The victim radar
is placed on a static vehicle at (0, 0), and several vehicles
drive in the next lane but in the opposite direction. Eleven
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Fig. 7. Range-Doppler plot for the cases when S-1 is affected by S-2, 7 and 23
during one simulation step with duration TbV . The noise floor when no
interference is present is −85.5 dBm. When S-2 is interfering all the victim
chirps the IINF increases by 6.8 dB, while when only half of the chirps
are affected the increase is 5 dB. When S-23 is used as interferer, the IINF
increases by 1.3 dB. Using S-7 the IINF increase is about 19.1 dB. The green
circle shows where the target vehicle is expected to be, while the red cross
depicts the detected target.
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Fig. 8. Scenario to analyze. Visible and no visible scattering centers are
depicted. The visible interferer sensors are also illustrated.

vehicles are separated by 32 m and travel with v = 13 m
s . Each

vehicle is equipped with one LRR sensor in position 14 and
five SRR/MRR sensors of the same type but using a TDM
scheme in positions 1, 6, 7, 8 and 13. Therefore, a total of
23 sensors are considered. The lane width is 3.65 m and the
scenario is run for 25 s. The time step duration is chosen to
be Ts =TbV .

In the first place, S-1 of Table I is chosen as victim and the
other 22 sensors are set as possible interferers. The simulation
is run for 1250 simulation steps in order to cover the 25 s. The
average simulation time per step is 2.7 s. For each simulation
step, the IINF with and without mitigation is calculated and
compared to the noise floor when no interference is present.
Using a histogram, Fig. 9 shows the percentage of simulation
steps with an increase in the IINF of 1, 2, ..., 20 dB with and
without mitigation. The first plot shows the results when the
LoS model is considered. It can be seen that in 28% of the
simulation steps all the involved interferers have no influence
(0 dB increase in the noise floor), while when mitigation is
applied this value is 43%. Even though the maximum increase
in the IINF is about 18 dB, this only happens during 0.2%
of the simulations steps. Regarding the influence of the two-
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Fig. 9. IINF increase when S-1 is the victim.

path model, it was found that, compared to the LoS model,
there are 5% more time steps with an IINF increase from
1 dB to 10 dB, and 3% more time steps with an IINF increase
between 11 dB and 20 dB. This is proven in the second
plot. The third and fourth plots depict the results for exactly
the same conditions than the first one but using a different
radiation pattern at the victim. When using a radiation pattern
suited for SRR sensors (FoV =±50◦, EIRP = 20 dBm), and
one suited for LRR sensors (FoV =±10◦, EIRP = 40 dBm),
the IINF decreases. In the first case, this reduction is due to
the decrease of 10 dB in the EIRP, and in the second case it
is because of the reduction in the FoV.

With the purpose of performing a statistical analysis, the
scenario is run several times using different victim sensors.
The levels of interference for each of the 23 sensors configured
as victim are calculated as it was previously done for S-1.
The average IINF increase of all the sensors configured as
victim is presented in Fig. 10. It can be seen that 58% of the
simulation steps evaluated by all the sensors are not affected
by interference, while 40% have an IINF increase between
1 dB and 10 dB. Moreover, just 2% present an IINF increase
between 11 dB and 19 dB. When applying mitigation, the
percentage of steps with 0 dB rises to 69%.

The second plot of Fig. 10 shows the maximum increase in
the IINF for all the sensors. It is observed that from all the
evaluated radar sensors, one of them do not present interfer-
ence in 76% of its simulation steps, while with mitigation this
value increases up to 90% in the best case. These situations
correspond to S-23. Furthermore, a maximum IINF increase
of 19 dB is observed in one of the evaluated victims but just
during 0.25% of the simulation steps. This radar corresponds
to S-1.

Taking into account the scenario deployment analyzed in
Fig. 7, the interference effects of S-2 (using 38 interferer
chirps) and S-23 (using 153 interferer chirps) over S-1 are
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analyzed when running one simulation step several times with
exactly the same conditions but modifying some parameters of
the interferer. The starting transmission time of the interferer
is shifted every 3.3 µs as depicted in the left side of Fig. 11.
Similarly, the carrier frequency fcI is also shifted every
10 MHz (right side of Fig. 11). The bars in Fig. 12 represent
the percentage of simulation steps with IINF increase. For S-2,
the time and fcI shifts produce similar values of interference.
In the case of S-23 the frequency shift produce a larger
percentage of simulation steps with an IINF increase between
2 dB and 20 dB. This is because when performing the time
sweep, the frequency bands of S-1 and S-23 barely overlap.

Moreover, for each value of IINF, the percentage of affected
samples withing the 120 victim chirps in one step is calculated
and its average is plotted using the right axis of Fig. 12. Using
S-23 it is observed that the IINF increases when more than
2% of the total samples are corrupted. This value is related
to BRX and ∆µ. However, as is presented in Fig. 9, the IINF
increase also depends on the involved radiation patterns.

V. CONCLUSION

The design of a simulator able to interpret and analyze
complex multi-user traffic scenarios in presence of interference
is introduced in this paper. A detailed description of the
target and channel modeling is presented. Moreover, two
different propagation models are discussed and implemented.
Considering the LoS component of the signals, it is possible to
get an idea of the statistical properties of a determined scenario
in presence of interference. As an alternative, the two-path
propagation model is also pretested in order to include the
material properties of the road such as the Fresnel reflection
coefficient and the roughness coefficient. One particular traffic
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scenario in presence of interference is studied using the
simulator. The analysis is done by employing different victim
radars and evaluating the average and maximum IINF increase.
Using the LoS model, no interference effects are seen during
58% of the simulated time, while during 40% of the time
the IINF increases between 1 dB and 10 dB. Besides, just
during 2% of the time the increase is larger than 11 dB. When
using the two-path model, these values rise to 44% and 4%,
respectively. The maximum overall increase is about 19 dB.
The presented simulator can be used to evaluate and compare
the performance of new mitigation strategies.
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