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Abstract

This contribution presents results of the NEẍUS
project on noise from battery electric vehicles (BEV)
under acceleration in urban settings. The potential of
replacing internal combustion engine (ICE) passenger
cars with BEVs to reduce noise levels for residents
is investigated with scenario calculations using mea-
sured traffic data and emission models generated from
pass-by measurements. Individual vehicle trajectories
and driving states were extracted from aerial drone
videos of urban intersections. To create the emis-
sion models, a measurement campaign was conducted
with various driving profiles, which were enforced by
means of real-time feedback to the driver. Sound ex-
posure levels of nine pairs of comparable BEV and
ICE passenger cars were captured and used to derive
spectral emission models. The model coefficients were
determined with an iterative optimization algorithm,
solving the inverse problem considering a variety of
speeds and accelerations. Combining these emission
models with real-world trajectories enables predicting
noise exposure levels for virtual residents near the
intersections for either BEV or ICE vehicle fleets. The
BEV-only scenario reduces LAeq by 1.5 dB average in
a 50 m radius of the investigated intersections. For a
receiver at a distance of 10 m to the nearest stop line,
the effect reaches up to 3 dB at times with high traffic
volume. At low frequencies, differences up to 10 dB
were observed.
Keywords: road traffic noise, electric vehicles, urban
traffic, acceleration
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1. Introduction
Noise pollution is a major problem in urban areas with
road traffic noise being the main source [1]. Noise
of road vehicles consists of two main contributors:
rolling and propulsion noise [2], [3]. Due to their lack
of combustion and gas-exchange noise, BEVs have
the potential to be quieter than ICE vehicles at low
speeds and under acceleration, when propulsion is the
dominant source. To assess the potential noise reduc-
tion of BEVs under various conditions, acoustic source
models with accurate acceleration implementation of
these vehicles are needed. Therefore, previous studies
already addressed the issue of measuring and model-
ing BEVs and comparing them to ICE vehicles: Steps
in this direction were made in 2016 by Pallas [4] who
adapted the propulsion parameter LW,P for BEVs in
the CNOSSOS model [2]. Controlled pass-by mea-
surements of eight BEVs with constant speeds above
20 km/h were conducted, capturing the LAFmax. The
pass-bys were replicated with the CNOSSOS model in
octave bands resulting in correction coefficients for the
propulsion component of BEVs in octave bands. Ba-
clet [5] measured different BEVs with constant speed
and maximum acceleration. A correction depending
on speed and proportional to the maximum accelera-
tion was proposed. The model could not be validated
for speeds below 40 km/h and the 63-125 Hz octave
bands were discarded due to the lack of a clear trend.
In 2024, Empa conducted pass-by measurements and
compared A-weighted sound exposure levels of several
pairs of BEV and ICE vehicles from various vehicle
classes. At high/moderate acceleration, the results
show lower LAE of BEVs compared to ICE vehicles
for low pass-by speeds up to 40 km/h [6].
To fully evaluate the potential impact of electrifying
passenger cars, not only accurate source models but
also realistic driving conditions need to be considered.
For this, Espadaler [7] used video data from multiple
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drones to extract vehicle trajectories in urban envi-
ronments for noise assessment. The CNOSSOS model
was then used to calculate sound levels. To exploit the
detailed acceleration data, the acceleration correction
was replaced with the one of the IMAGINE model [8].
Despite the progress in modeling BEV noise emissions,
none of the studies combines detailed acoustical and
acceleration measurements of BEV and ICE vehicles,
realistic driving behavior in urban situations and a
spectral source model to predict the impact of the
electrification of individual passenger traffic on nearby
residents, motivating this research approach.
This paper is structured as follows: Section 2 presents
our measurement campaign on BEV and ICE vehi-
cles under controlled acceleration, from which vehicle-
specific source models are derived in Section 3. The
process of extracting vehicle trajectories is explained
in Section 4 and the results of modeling fleets of BEVs
and ICE vehicles in realistic traffic scenarios are found
in Section 5.

2. Measurement campaign of accelerat-
ing BEVs and ICE vehicles

To collect acoustical data of different vehicles at dif-
ferent driving states, we conducted a measurement
campaign with 18 different passenger cars on a closed
test track with dense asphalt in Switzerland in 2024 at
the TCS Center Stockental. Eight free-field measure-
ment microphones were laterally distributed along
one side of the track in the standard geometry of
ISO 11819-1 [9] to record sound pressure and mea-
sure spectral sound exposure levels of single vehicle
pass-bys. Table 1 lists the two vehicle fleets of nine
cars each. One consists of only BEVs, the other one
of comparable ICE vehicles. All of these were the
most recent models at the time of the measurement
campaign. Equipped with automatic transmissions
and operated in their respective default driving mode
(”comfort”, ”normal”, etc.), the professional drivers’
influence was kept at a minimum. The cars were
equipped with new sets of their respective Original
Equipment (OE) tires (see Table 1), which were run
in for 500 to 1000 km and warmed up. With each car,
the drivers completed predefined driving profiles with
different speeds and accelerations (see Table 2). An
in-house developed kinematics module was mounted
on the roof of the car that was currently performing
measurement runs (Figure 1) to capture the vehicle
kinematics using differential GNSS for the later anal-
ysis. To support the driver in real-time in adhering to
the target acceleration, indicator LEDs were mounted
on the windshield. Air, road and tire temperatures
were monitored. The test track was characterized
using CPX measurements at 50 and 80 km/h with the
P1 and H1 reference tires (ISO 11819-2 [10]), and road
surface texture measurements using a laser profilome-
ter. The CPX level at 50 km/h is 89.1 dB and 90.2 dB
for the reference tyres P1 and H1, respectively. The
texture level reaches a maximum of 41.4 dB in the
10 mm 1/3 octave band. To check consistency across

the campaign, additional pass-bys with a reference
vehicle at 60 km/h were measured between test runs.

Figure 1: Module for measuring position, velocity and
acceleration mounted on a test vehicle. Acceleration indi-
cator LEDs are on the windshield for real-time feedback.

Overall, more than 1700 valid car pass-bys were mea-
sured and analyzed in 1/3 octave bands from 50 Hz to
10 kHz. First results from these measurements on A-
weighted sound pressure levels were presented in 2025
in [6] and were provided to the UNECE GRBP Task
Force on Vehicle Sound. The same data is further
used in this paper to develop the source models.

3. Development of vehicle-specific
source models

A source model is the key element to investigate com-
plex road traffic scenarios with different vehicles and
dynamic driving conditions. We used the measure-
ment data from Section 2 to develop a vehicle-specific
source model for each of the 18 measured vehicles.

3.1. Model equation
Each source model describes the vehicle’s sound power
LW in 1/3 octave bands as a function of instantaneous
speed v and acceleration a. In accordance with today’s
engineering models, the sound power consists of the
energetic summation of a rolling (LW,R) and propul-
sion (LW,P) noise contribution. We model these two
contributions using a combination of the sonROAD18
[3] and the IMAGINE [8] approach:

LW,R,i,j = AR,i,j + BR,i,j lg
(

v

v0

)
(1)

LW,P,i,j = AP,i,j + BP,i,j
v − v0

v0
+ CP,i,j

a

a0
(2)

with indices i for the 1/3 octave bands between 50 Hz
and 10 kHz, indices j for the vehicles, reference speed
v0 and reference acceleration a0. Please note that both,
v and a, are assumed to be positive. Each vehicle j
is characterized by five spectral coefficients (AR, BR,
AP, BP and CP). The acceleration influence on sound
power is considered in the propulsion contribution only.
The additional acceleration-dependent term ensures
that at zero acceleration (a = 0) expression 2 simplifies
to the expression for constant speed.
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Table 1: List of vehicles used in the BEV (upper half) and ICE vehicle fleet (lower half), including manufacturer, model
and year as well as details of the according OE tires, including tire brand, model, front- and rear size.

Manufact. Model Year Tire Brand Tire Model Front Size Rear Size
Peugeot e-208 2020 Michelin Primacy 4 205/45R17 205/45R17
VW ID.3 2020 Goodyear EfficientGrip Perf. + 215/45R20 215/45R20
Volvo EX40 2024 Pirelli Scorpion SF2 VOL ELECT 235/45R20 255/40R20
Tesla Model Y 2024 Hankook ventus S1 evo3 soundabs. t2 255/45R19 255/45R19
Skoda Enyaq 2023 Hankook ventus S1 evo3 ev 235/50R20 255/45R20
Tesla Model 3 Per. 2022 Michelin Pilot Sport 4S 235/35R20 235/35R20
Volvo EX30 2024 Michelin Pilot Sport 4S 245/40R20 245/40R20
Hyundai Ioniq5 2022 Continental PremiumContact7 235/55R19 235/55R19
VW ID.Buzz 2023 Continental EcoContact 6 Q 235/55R19 255/50R19
Peugeot 208 2021 Michelin Primacy 4 205/45R17 205/45R17
Seat Leon 2020 Bridgestone Turanza T005 AO 225/40R18 225/40R18
Volvo XC40 2024 Pirelli P Zero 245/45R20 245/45R20
Skoda Kodiaq 2023 Continental ContiSportContact 5 235/45R20 235/45R20
Seat Tarraco 2023 Pirelli Scorpion Seal Inside 255/45R19 255/45R19
Mazda 6 2023 Bridgestone Turanza T005 A 225/45R19 225/45R19
Mazda CX-3 2022 Bridgestone Turanza T005 215/60R16 215/60R16
Ford Kuga 2022 Goodyear EfficientGrip 2 225/65R17 225/65R17
VW Multivan T7 2024 Falken Ziex ZE310A ECORUN 235/55R17 235/55R17

Table 2: Driving profiles completed by each vehicle. The
velocity vtarget is defined for the beginning of the pass-by
and changed during accelerated profiles. The acceleration
atarget is set to remain constant during the pass-by.

ID vtarget (km/h) atarget (m/s2)
1 60 0
2 10 0
3 30 0
4 0 Max. acceleration
5 50 0
7 0 1.6
9 40 0.8
10 0 0.8
12 0 2.4

3.2. Estimation of model coefficients
Obtaining the source model coefficients for expressions
1 and 2 is not a trivial task. The two source contribu-
tions cannot be easily separated and during acceler-
ated driving the sound power of the vehicle changes
over time. Therefore, each pass-by was cut into seg-
ments using precise location and timing data from
the differential GNSS measurements. Then the sound
power was calculated according to expressions 1 and 2.
Depending on the duration, the sound power of every
segments is converted to a sound exposure level in a
distance of 1 m. To reproduce the microphone level,
propagation considering geometrical spreading and air
attenuation is applied to each segment, then the levels
are summed up. The five coefficients per vehicle and
frequency band were determined independently using

a global parameter optimization approach. For this
paper, we used measured sound exposure levels from
the driving profiles of Table 2 (excluding profile 4)
and from seven microphones.

To estimate the set of coefficients, we used a program-
ming solver to find the minimum of a constrained,
nonlinear, multivariable objective function, the root
mean square deviation (RMSD) of measured and mod-
eled sound exposure levels. The optimization was
initialized with 8000 independent sets of coefficients
randomly chosen within predefined bounds. Each
initialization leads to convergence toward a local min-
imum. The set of coefficients yielding the smallest
RMSD was selected as the result of the optimization.
This optimization task took multiple days to run on a
modern workstation with 96 CPU cores. As a result, a
total of 2160 parameter values (18 vehicles × 5 param-
eters × 24 frequency bands) were derived to describe
the sound powers of the 18 measured vehicles as a
function of instantaneous speed v and acceleration a.

A model verification has shown that the model can
reproduce the measured scenarios without a bias: Av-
eraged over driving states and vehicles, the modeled
sound exposure levels of both fleets deviate less than
0.2 dB per 1/3 octave band, the deviation for each
individual vehicle is less than 0.6 dB. When consid-
ering the RMSD, the ICE fleet’s deviation is higher
in the frequency bands below 250 Hz. This can be
explained by the combustion and gas exchange noise,
which changes depending on speed, acceleration and
selected gear. The modeling approach used cannot
reproduce this complex relationship.
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4. Vehicle trajectories of real traffic
Spatially and temporally resolved traffic data is needed
as an input to the source models from Section 3.1 and
to calculate sound propagation from the source to the
receiver. We selected four different urban intersections
(Table 3) in order to capture real urban traffic behav-
ior, including low speed, acceleration and full stops.
Video recordings were taken at multiple times of the
day to capture differences in traffic volume. Traffic
was filmed top-down at a height of 120 m with a small
multicopter and vehicle trajectories were extracted
from the aerial drone videos. Limited by the battery
runtime, each video has a duration of 15 to 20 min.
The footage was recorded with a 3840×2160 px reso-
lution and a frame rate of 30 fps. The recorded video
was stabilized in multiple steps to eliminate vibration,
rotation and drift resulting from the drone’s operation.

Table 3: List of intersections where measurements were
done, including type and whether it is controlled by traffic
lights (TL). Multiple measurements at different traffic
volumes were conducted.

ID City Type TL Vehicles/h
1 Fribourg Roundabout no 1400-1500
2 Fribourg T-type yes 850-1150
3 Zürich Roundabout no 650-1650
4 Zürich T-type yes 150-1700

Afterwards, the vehicle types and their movements
were obtained through automated image processing
with image recognition and object tracking software
[11]. By georeferencing the stabilized video, trajecto-
ries of all vehicles were obtained consisting of position,
speed and acceleration histories.
An example snapshot of a signalized T-type inter-
section is shown in Figure 2 with markings on the
recognized and tracked vehicles. For this paper, only
the trajectories from passenger cars are used and data
from other vehicle types such as buses or trucks are
ignored. Overall, more than 5000 trajectories were
recorded of which over 3000 were usable and from
passenger cars.

Figure 2: Aerial perspective of one investigated intersec-
tion (Table 3, ID 2). Recognized vehicles are marked with
a red box [11].

5. Results on traffic scenarios
We performed scenario calculations using the gath-
ered measurement data to predict the noise exposure
of hypothetical residents in the vicinity of urban in-
tersections. We compared two scenarios: Passenger
car traffic with fleet 1 consisting of only BEVs vs.
fleet 2 containing only the comparable ICE vehicles.
We express the scenario difference by level differences
∆L, where negative values mean that the BEV fleet
produces lower noise levels than the ICE vehicle fleet.
We combined the developed vehicle-specific source
models and the real-world traffic data with an ele-
mentary propagation model considering geometrical
spreading and air attenuation. In the simulation, each
virtual car passing the intersection was modeled sep-
arately. Distributed point sources along the vehicle
path were introduced based on the measured vehicle
trajectory. For each source point, the measured speed
and acceleration was used to compute the sound power
of the vehicle according to 3.1. Each trajectory was
completed by all 18 vehicles of the two fleets. All tra-
jectory parts with negative acceleration are neglected
due to the constraints of the model. For each intersec-
tion, receiver points were introduced along the facades
facing the road at a height of 4 m. Finally, for both
vehicle fleets, sound exposure levels LE in 1/3 octave
bands were computed at all receivers.
Figure 3 shows example results of a roundabout with
four entries and four exits and a traffic volume of
1500 veh/h. Black lines indicate vehicle trajectories
and circles represent receiver points with the level
difference between the scenarios color-coded. Across
the shown 45 receivers, level differences ∆LAE in the
order of −0.5 to −3 dB are found within a 50 m radius
(grey zone) with an average of −2.2 dB. As expected,
a positive effect of the BEV fleet can be mainly ob-
served for receivers close to the roundabout where
more vehicles accelerate. This dependency on dis-
tance is illustrated in Figure 4 where data from all
intersections and different traffic volumes is pooled.
Here, the level differences are shown against the dis-
tance dH from the receiver to the nearest traffic stop
line. At very close distances dH of only 10 m, level dif-
ferences between −1 and −3 dB in LAE occur. With
increasing distance, the level differences clearly drop.
At 50 m to the nearest stop line, the level differences
are only between 0 and −1 dB. The variability was
found to be mainly explained by traffic volume. When
traffic volume is high, stop-and-go occurs more often,
leading to more frequent acceleration situations.
The level differences are frequency-dependent (Fig-
ure 5) and are largest at very high and at low frequen-
cies, i.e. below 160 Hz. At 50 Hz, differences of up
to 10 dB between the two propulsion concepts were
found, which can be attributed to the absence of com-
bustion and gas exchange noise in BEVs. This evident
low frequency level reduction of BEVs compared to
ICE vehicles would be expected to have a positive
impact for residents living near urban intersections.
This only applies if all vehicles run with electric mo-
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Figure 3: Example result of scenario BEV vs. ICE vehicle
fleet for a roundabout with high traffic volume (Table 3, ID
3). Receiver level differences ∆LAE of A-weighted sound
exposure level of passenger cars are color coded.

Figure 4: Receiver level differences of A-weighted sound
exposure level LAE between a BEV and a ICE vehicle
fleet for different urban traffic situations as a function of
distance dH between receiver and nearest stop line. The
spread of level differences is due to different traffic volumes
and intersection.

tors and do not liquidate this potential benefit with
an exterior sound enhancement system. The reasons
for the difference above 6 kHz remain unclear.

6. Conclusions and Outlook
We investigated the effect of a BEV passenger car fleet
to an ICE passenger car fleet on noise exposure for
residents near urban intersections. From a dedicated
measurement campaign, where we measured pass-by
levels of different vehicles at different driving states
including acceleration, we successfully derived vehicle-
specific spectral emission models. To capture real
scenarios, we gathered detailed traffic data using a
video drone flying above different urban intersections
and combined both data for scenario calculations. In a
50 m radius around the investigated intersections, the
BEV-only scenario reduces LAeq by 1.5 dB on average.
The level reduction depends on the distance of the
receiver to the nearest stop line. The maximum effect
of 3 dB was observed for a receiver at only 10 m from
the nearest stop line for a situation with high traffic
volume. At low frequencies, larger differences were
found with a level difference of 10 dB at 50 Hz.

Figure 5: Spectral receiver level differences ∆LE of pas-
senger cars between BEV and ICE vehicle fleet for urban
traffic situations near intersections (min, median, max of
different situations and receivers).

The found A-weighted exposure level differences be-
tween urban BEV and ICE vehicle traffic is strongly
influenced by tire noise. Our results are valid for the
used OE tires and the specific pavement of the test
track. Furthermore, the influence of individual driving
style was minimized by using automatic gearboxes and
non optimal gear selection was not taken into account.
In the next phase of the NEẍUS project, the influence
of different modern tires and low-noise pavements will
be investigated by conducting a new, larger measure-
ment campaign on different BEVs and matched ICE
vehicles. They will be equipped with different tire sets
in pairs, and perform multiple driving profiles on two
different pavements.
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