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1 INTRODUCTION

Traffic management can be a very efficient tool to fight against urban traffic noise. Observations
have allowed for a first quantification of traffic management impact on noise. To improve such
initiatives, it is crucial to take profit of a precise noise estimation model, able to assess precisely the
environmental impact of traffic strategies. A-weighted sound pressure level Lae Or hoise
distributions estimations can be statistically derived from acoustical and traffic measurements [1].
This method can be helpful to describe urban noise, but it forbids traffic management investigations,
as it is limited to specific traffic situations. Models based on a coupling between traffic data
estimation (flows, speeds, etc.), noise emission laws and a sound propagation calculation, are more
efficient as they can predict the changes in traffic characteristics induced by the planed traffic
strategies. Their accuracy is closely linked to the traffic representation. Classical models are usually
based on a static representation of traffic, which is considered as a steady flow [2]; noise levels are
then estimated from flow rates and mean flow speeds. Such models are relevant to assess noise
levels in inter-urban conditions. However this traffic representation is less accurate for urban traffic
noise estimation, especially close to traffic signals, where traffic conditions vary a lot. Some
classical models have been refined to account for traffic flow specificities in urban area. Corrections
for interrupted traffic flow [3] and intersections [4] have for example been introduced, deduced from
queue lengths determination. Noise estimation close to intersections can be refined once more by
considering the mean vehicle trajectories [5]. However, those models are limited to energetic
indicators estimation, like Laeq Or Lgen. Those indicators are not always sufficient to precisely
describe urban ftraffic noise [6], which is characterized by a strong dynamic notably set by traffic
signals [7]. Specific indicators have been proposed in [6] to capture this dynamics.

The breakthrough in traffic noise estimation comes with dynamic models, which output LAeq, but
also instantaneous sound pressure levels [8-10]. Those models are based on a dynamic
representation of traffic that gives at each time step (usually 1s) position, speed and acceleration of
each vehicle on the network [8;11-12]. LAeq,1s evolution is then estimated from those data, from
which classical but also specific indicators can be calculated.

This paper focuses on the relevance of traffic representations for noise assessment in urban area.
Two traffic representations are compared: (i) a static one and (ii} a dynamic one provided by a traffic
simulation tool (Symuvia / Symubruit). These two methodologies are applied on a real urban
corridor (Cours Lafayette in Lyon) and compared to on-field noise levels. We will demonstrate how
the dynamic approach outperforms the static one even for mean noise levels calculation. Moreover,
the dynamic approach makes it possible to estimate more refined indicators like LAeq,1s
distributions. Finally, we will show that the dynamic approach is more precise for assessing noise
frequency spectrum as the static approach underestimates dramatically low frequencies, notably
near traffic lights.

2 METHOD

2.1 Experimentation

The experimentation consists in traffic and acoustic measurements from 15.30 to 17.30 on a
weekday. The site is a major arterial (Cours Lafayette, Lyon, France). This is a one way three-lane
road (the shoulder lane is shared by buses and passenger cars) crossed by 5 intersections. The
street is U-shaped with 5-floor buildings. It is quite busy, with about 1400 vehicles per hour during
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the experiment. The perpendicular arterial Cours Saxe is also busy, with about 1000 veh/h,
including 200 veh/h that turn right into the Cours Lafayette. Flow rates on other perpendicular
streets are about 250 veh/h. The signal cycle duration is equal to 90s and traffic signals are
coordinated through a green wave. The durations of green and red phases are given in Fig 1.

The recorded traffic data are the number of vehicles at each intersection for each movement and at
each traffic cycle, and the precise bus trajectories (including stopping time at bus stations). Acoustic
recordings are the Laeq s €volution for the selected points. The eight selected points for acoustical
measurements are typical of urban situations:

- infront of a bus station downstream to a traffic signal (P4),

- between two consecutive traffic signals (Py),

- close to a traffic signal: in front of (P; and Pg) and downstream (P4, Ps and P5),

- Set back from the major street (Ps) (flow rate on the perpendicular street is 250 veh/h).
Note that spectrum measurements are only performed at points P4, Pg, P7 and Ps. Measurement
points are 2m high. Their exact location is given in Fig 1Fig 1.

(I T

Fig 1: experimental site. Position of traffic signals TS and their green time tgeen and red time tr.a durations.

2.2 Noise estimation
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Fig 2: Noise emission laws for light vehicles: accelerating (a=0.8m/s2), cruising (a=0m/s?) or decelerating (a=-
3m/s?).
Each acoustic value L, consists in an 8 elements vector, which correspond to the values of the
octave bands with center frequencies from 63 Hz to 8 kHz: {L«e3 ;...; Lxs. Emission and

propagation are computed for each octave. Each lane of the traffic network is divided into noise
cells i, which are characterized by their sound power level Ly, Cell lengths are between 9 and 18
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m. L, is calculated by gathering the emissions of all vehicles present inside the cell. The
Harmonoise model is used to predict the sound power level L, of one given vehicle k, in terms of
its speed v, and its acceleration a, [13], see Figure 2. The way those variables are obtained
depends on the traffic flow representation included into the noise prediction model (see section 2.3).
The contribution L,; of each cell for a receiver P is then determined thanks to the propagation model
NMPB96 implemented in Mithra [14], which gives the sound attenuation from i to P. Finally, the
sound pressure level L, at P (which is also a 8 elements vector) is the sum of the contributions of
each cell:
L,,
L,=10log| » 1019 (1)

iccell

2.3 Traffic flow representations

The static and the dynamic models differ on their approach and resolution. The dynamic model
allows for L, s evolution estimation as it describes the traffic variables evolution in time. The static
model only allows for the L, estimation, as it considers global values for traffic variables over the
2h simulation period. Hence, only the former allows for specific indicators calculation, based on L 45
values.

2.3.1 Static representation

Two classes ¢ of vehicles are considered: the light vehicles /v and the buses bus, defined by their
flow rates @ and Q" respectively. Sound power level L3, of a given cell is deduced from the

mean speed v¢, acceleration a° and flow rate Q¢ on the cell:

Ly =L, (vc,ac )—!—1010g(Q4) with ¢ ={lv,bus} (2)
No acceleration or deceleration zones are considered in usual static models: vehicles are supposed

to pass through intersections without stopping. Hence, a° =0 whatever the cell is. Finally, global
noise emission Ly, of the cell is the acoustical sum @ of the emissions L%, and 15 of the cell:

L,=Lyer* (3)

2.3.2 Dynamic representation

Dynamic traffic models aim at predicting how key traffic variables evolve along the network. The
model used in this study is SYMUVIA (jointly developed by INRETS and ENTPE), which is based
upon a detailed and individualized vehicle representation. SYMUVIA is involved in the simulation
package SYMUBRUIT that dynamically estimates noise in urban area [10;15]. It gives position x(f),
speed vi(f) and acceleration a,{f) of each vehicle k on the network at each time step (usually about
1s). Motion of vehicles on the network is governed by three parameters: the maximal speed u
reached when traffic is free, the wave speed w at which a starting wave spills back on the network
(a starting wave can be easily observed when successive vehicles start driving at a green light), and
the minimum spacing s, between two vehicles, observed when vehicles are stopped for example at
a traffic signal. Position of a vehicle k at the next time step x,(t+Af) is the minimum between the
position it is willing to reach when traffic is free and the position it cannot overpass when traffic is
congested. The time-step is fixed to At = s,/ w to avoid numerical viscosity [15]. Then:

x (t+Af)=min| x ()+urr ,  x_(6)-s (4)

m

position when traffic is free position when traffic is congested
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Speed vi(t) and acceleration a(f) are then deduced from positions x,(f) and x(t+At). Noise power
level Ly (f) of a vehicle is then calculated from its speed and acceleration at t. Finally, the noise
power level Ly (t) of a cell i is the acoustical sum of noise emissions of vehicles on the cell at t.

LW,i(t) =10 l()g E‘Xl—‘ (4)

where /; is the length of the cell. The model has been refined to take into account the bounded
acceleration of vehicles [17], the influence of slow motion of buses [18], the lane-changing
phenomena [19], and conflicts at junctions [20-21].

2.3.3 Calibration

The static models have been calibrated to fit the on field observations. Vehicle kinematic
parameters are: an average deceleration rate d=-3m/s* and an average acceleration rate
a=0.8m/s?. Note that the low acceleration value could be due to the traffic signal settings, which
incite vehicles to accelerate slowly to benefit from the green wave. The other vehicle properties are
its wave speed w=-3.33m/s, minimum spacing s,=5m, and maximal speed u. The maximal speed of
light vehicles depends on the location on the network: u; = 17m/s at the beginning of the Cours
Lafayette (up to the second intersection), u,=15m/s at the end of the Cours Lafayette (after the
second intersection), and u;=10m/s on the crossing roads. The maximal speed of buses is
upus=10m/s. Finally, a constant 51dB(A) noise was added to take account of the background noise.

2.3.4 Indicators

The indicators considered in this study are the energetic indicator Laeq, statistical indicators (L4, Lyo,
Lso, Lgo) and Laeq 15 distributions. The noise level spectrum is also proposed and compared to noise
rating curves. Those curves have been developed by the International organization of
Standardization to rate noisiness. Each x dB NR, curve is built as follows: the value NR,g; allocated
to the octave bandwidth Bi is the sound level that a sound at the frequency Bi should have to be as
noisy as a sound of x dB(Lin) at 1kHz (thus NRy 1k = X).

3 RESULTS

3.1  Laeq estimation

Laeq estimations and measurements are depicted in Tab 1. The coarse static calculation seems
insufficient fore Laeq estimation even if a 3dB(A) error is accepted. The model overestimates noise
levels since it considers that all vehicles go at their free speed u all along the network. The
estimation is correct in the entrance of the network (1.5dB(A) error at P,), where vehicle speeds are
high indeed. Yet, error is larger farther, where vehicles are actually slowed down by green wave
and stops at intersections.

P1 P2 P3 Py Ps Ps Py Ps mean
73.5 70.3 71.2 71.2 71.3 71.2 64.2
74.4 74.3 74.4 74.8 74.6 73.2
70.6 70.3 70.7 70.2 70.2 61.0

measurement
static representation
dynamic representation

Tab 1 : LAeq estimation at the 8 points of experimentation; in clear green: error exceeds 1dB(A); in dark grey: error
exceeds 2dB(A); in black: error exceeds 3dB(A)

The dynamic model guarantees a precise estimation of Laeq (error falls below 2dB(A) for all the
points except the point set back from the major street), since the specificities of the traffic flow in
urban area (queue formation and discharge at each traffic signal, platoons of vehicles behind
buses, etc.) are represented. Estimation seems particularly precise in front of the traffic signal: error
falls below 1dB(A) for P3 to P;, what can be linked to a precise localization of accelerating zones.
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Moreover, the noise decrease at those five points is underlined by the dynamic model while it is not
by static models: it is due to vehicles that arrive from the Cours Saxe and turn right into the Cours
Lafayette. Those vehicles slow down traffic flow, what cannot be seen by the static models. Finally,
the slight underestimation of noise levels with the dynamic model is due to peaks of noise (such as
klaxons), which increase Laeq and are not taken into account by the model.

3.2 Specific indicators estimation with Symubruit

Tab measurement Dynamic noise prediction model
P1 P2 P3 P4 P5 P6 P7 P8 P4 PS5 P6 pP7
Laeq 73.8 735 703 712 712 713 712 64.2 70.7
Ly 81.8 806 783 797 792 792 793 710 . 78.2 ‘i
Lio 76.0 749 736 743 746 738 743 6456 R 749 73.7 735
Lsg 71.4 69.7 67.1 678 675 685 689 610 . . 67.4 682 68.0
[P 64.4 634 611 601 581 636 608 572 § 57.2 633 60.2

Tab 2 : specific indicators estimation with dynamic model at the 8 points of experimentation; in white: error is under
1dB(A); clear grey: error is between 1dB(A) and 2dB(A); in dark grey: error is between 2dB(A) and 3dB(A); in black:
error exceeds 3dB(A).

Noise characterization can be refined with a dynamic traffic representation, which allows specific
indicators estimation; see Tab 2. The Laeq s distributions are also estimated with a strong accuracy;
see Fig 3. The two modes of the distributions, which are due to green and red phases of the traffic
signal and are typical of one-lane roads noise dynamics [6], are well reproduced by the model.
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0.15 Py 0.15 2 0.5 3 0.15 4
simulation
measurement
0.1 0.1 0.1 0.1
z
8
g
L=}
0.05 005 005 0.05
0 0 Q 0
50 60 70 80 50 60 70 80 50 60 70 80 50 60 10 80
L, [dB(A)] L, [BA)] L, [dB(A)] L, [dB(A)]
P, B P, P
0.1 0.1 0.1 0.1
z
3
g
B
0.05 005 005 0.05
0 0 0 0
50 60 70 80 50 60 70 80 50 60 70 80 50 60 70 80
Lﬁq [dB(A)] Lq [dB(A)] Lq [dB(A)] qu [dB(A)]

Fig 3: Laeq1s distributions from measurements and from the dynamic noise prediction model.

Statistical indicators are also precisely estimated. However, L, is overestimated close to the bus
station at P4, which may be due to an overestimation of the noise emitted by the bus when staying
at and leaving the bus station. This may be due to the inadequacy of buses acceleration when
constructing buses noise emission laws compared to their acceleration in real traffic conditions.
Other statistical indicators are estimated with an error under 3dB(A) for all points (except for the
point set back from the major street), and with an error under 1dB(A) for most of the points.

3.3 Spectrum analysis

Spectrum measurements are only available for points P4, Ps, P and Pg. The sound spectra
estimated at these four points thanks to the static and the dynamic models are compared to
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measurements in Fig 4. Sound spectra of the four points present similarities. For instance the sound
levels in dB(Lin) tend to decrease with the frequency. The decrease between the 63 Hz and the 8
kHz sound levels reaches at least 20 dB for the four points. This can be explained by the road traffic
noise spectrum, which contains more low than high frequencies (see Fig 2). This results in a low
Spectrum Gravity Centers (SGC) for the four points, between 266 Hz and 375 Hz (see Tab 3).
Moreover, spectra show a peak at 1 kHz, which is caused by vehicles cruising at their free speed
and may correspond to tire-road contact noise. It can effectively be seen on Fig 2 that this
frequency is predominant for speeds above 40km/h. This peak causes high NR values (except for
the point Pg that stands in retreat of the main road), since this indicator reflects the most loud octave
bandwidth. Note that the 1 kHz peak is less pronounced at Pg that is in front of the traffic signal,
because many vehicles have to stop at this point, and pass accelerating at low speeds, for which
the 1kHz octave bandwidth is less energetic.

Finally, the sound levels at Pg decrease faster with the frequency, mainly because of its specific
location. This point is indeed less noisy than the others since it is set back from the street; but it still
contains lots of low frequencies probably due to urban background noise. Those low frequencies
explain why the SGC is lower at this point than for the other points.
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Fig 4: Equivalent sound pressure level spectrum at the four measurement locations from
measurements and both static and dynamic models estimates

NR SGC
Pr Ps Py P P, Ps P; Ps
Measurements 70 67 67 62 376 288 315 267
Dynamic Model 70 66 66 57 383 353 379 288
Static Model 72 71 71 71 921 875 866 837

Tab 3: Noise Ratings values and Sound Gravity Spectrum from Measurements and both
static and dynamic models estimates
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3.3.1 Static Model

The spectra assessed by mean of the static model tend to have the same envelope whatever the
traffic situation is. It corresponds to the noise emitted by a flow of vehicles moving at their free
speed. Since it cannot capture the specificities of urban traffic flow (stops of vehicles at traffic
signals, speed variations along the network due to traffic, etc.), this model fails in reproducing the
real spectra envelope that correspond to each traffic situation. In particular, the low frequencies,
which are mainly due to stops and slow vehicles, are underestimated by the static model. This
results in a poor estimation of SGC, which is moved forward too high frequencies (errors exceed
100%), due to the speed overestimation. Finally, the NR estimation is also biased by the speed
overestimation: sound levels around 1kHz are overestimated, which fix NR into a too high value.

3.3.2 Dynamic Model

The dynamic model improves the estimation of spectrum envelopes, since it takes speed variations
set by the traffic flow into account. The low frequencies emitted at slow speeds and the 1 kHz
frequencies mainly emitted at free flow speed can thus be reproduced by the model. This
improvement in the estimation of vehicles kinematics also results in an improvement of the SGC
estimation: errors fall between 2 to 18%. Nevertheless, the estimation of the SGC could be
improved at the points Pg and P;, where the 63Hz bandwidth sound level is underestimated. This
error may be the result of an underestimation of the background noise at those points. Finally, the
right consideration of the proportion of vehicles that move at free speed improves the 1 kHz
bandwidth sound level estimation. It results in a precise estimation of the NR, which is “fixed” by this
frequency, as it is most often the noisiest one. NR is indeed estimated with errors under 1 dB(A) for
the points located on the main road (P4, Ps and P3). NR estimation is not as good for the point Pg,
mainly because high frequencies are underestimated. This underestimation might be related to
specific propagation phenomena (the site here is large with trees close to Pg) or to an
underestimation of vehicles speed on this secondary road.

4 CONCLUSION

Two traffic representations have been tested in this paper. Comparison was achieved by
confronting estimates to on-field data, collected at 8 points corresponding to different traffic
situations: close to a bus station, in front of a traffic signal, down a traffic signal, and set back from
the corridor.

The coarse static representation often gives errors in Laeq estimation that exceed 3 dB(A). This
representation overestimates noise levels, as it is based on a coarse estimation of vehicle mean
speeds. Moreover, the static model fails in reproducing the spectra envelopes along the corridor. In
particular, low frequencies sound levels are systematically underestimated, as they are mainly
emitted by vehicle at slow speeds or accelerating vehicles, which are not reproduced by the static
model. This could be problematic when achieving noise impact studies, especially in the presence
of noise reducers, which often offer better results for high frequencies than for low frequencies.
Results of the static model could be improved by using speed distributions instead of a mean speed
when assessing noise emissions. This could be obtained by elaborating noise emission laws that
correspond to real traffic situations.

The dynamic representation overcomes the static one. Firstly, it guarantees the estimation of the
classical noise indicator Laeq With errors under 1 dB(A). Secondly, refined acoustic indicators, like
the Laeq1s distribution, may then be calculated with a good accuracy. Thirdly, this representation
also improves the estimation of the spectra envelopes, because it is able to capture
vehicles moving slowly as well as vehicles moving at their free speed. This guarantees a precise
estimation of indicators that describe the sound spectra, such as the Spectrum Gravity Center,
which informs on the pitch of the sound, and the Noise Rating value, which is deduced from the
value of the noisiest octave bandwidth.

The accurate estimation of urban traffic noise characteristics that enables the dynamic noise
prediction model offers new perspectives in the investigation of the environmental effects of traffic
strategies: (i) by closely taking traffic characteristics into account, it is more in accordance with the
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precise noise emission and noise propagation that already exist, and it offers a wide variety of traffic
management that can be tested, (ii) by allowing the determination of refined noise indicators, it will
offer at midterm a tool able to assess physical but also perceptive impact of traffic strategies.
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