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Abstract

The urban noise action plans based on traffic management usually incorporate the evaluation of
the effectiveness of this kind of mitigation measures on an estimated basis. This is clearly shown
at intersections where the dynamic behavior of all the vehicles that are part of the fleet a can
influence environmental noise locally. In this paper, we try to generalize by microscopic traffic
simulations and calculations of sound power associated with the road, the best strategy (from the
acoustic point of view) to prioritize public transport at intersections located in a main artery.

Keywords: Intelligent Transportation Systems, traffic noise, traffic microsimulation systems.

Resumen

Los planes de accion del ruido urbano basados en la gestién del tréfico suelen incorporar la
evaluacion de la eficacia de las medidas adoptadas de manera estimativa. Esto se muestra
claramente en las intersecciones donde el comportamiento dinamico de todos los vehiculos que
forman parte del trafico en estas intersecciones puede influir de manera importante en el ruido
ambiental a nivel local. En este trabajo, tratamos de generalizar por simulaciones de tréafico
microscopicos y calculos de potencia acustica asociados a la via, la mejor estrategia (desde el
punto de vista acustico) para priorizar el transporte publico en las intersecciones ubicadas en una
gran arteria.

Palabras clave: Sistemas de Transporte Inteligente, ruido de trafico, Modelos de microsimulacion
de tréfico
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INTRODUCTION

People often prefer traveling with their own cars, because it is much more comfortable and they
can reach closer to their destinations. However, when it comes to the biggest cities, the situation
it’s much more complicated. More cars, more traffic congestions, more air and noise pollution,
more wasted time and fuel, less parking places etc.

From many points of view (economic, social and cultural development of the cities), congestion
is a major problem. Every day are wasted millions of hours in traffic jams and the noise and air
pollution resulting from the continual growth of the number of cars in traffic are seriously affecting
the quality of urban life [1] [2].

In order to convince people to change their habits when it comes to travel, there are several
strategies regarding traffic management. One of them is the guarantee of an efficient mobility
system in urban public transport. According to the European Environmental Agency, the noise
measures related to traffic management planned in the EU agglomerations have a rate of
approximately 20% [3]. The traffic management measures have a high diversity and the
assessment of their effects on noise involve paying high attention to the following issues: traffic
volume, traffic composition, speed and driving pattern [4].

In relation with traffic management in the Smart Cities has been introduced into the
agglomerations Intelligent Transportation Systems (ITS) technologies. There is a potential
improvement of the environmental health in Smart Cities through the use of ITS technologies. A
review over the environmental factors in ITS has demonstrated how vehicle technologies and ITS
can play an important role in reducing the impact of traffic on the environment and health, and in
the development of long-term sustainability of towns and cities [5]. This paper put the focus upon
the strategies supported by traffic management and the consequences of these strategies on the
environmental noise.

One of the possible tasks of the ITS technology is to promote public transit for example the
adoption of Transit Signal Priority (TSP) strategies through traffic-signal controlled intersections

(61 [7].

Transit Signal Priority is an operational strategy that facilitates the movement by improving speed
and reliability of transit vehicles, either buses or trams, through traffic-signal controlled
intersections. This strategy can be implemented by establishing a communicative link between
the approaching transit vehicle and the traffic signal [8].

There are many organizations that support the prioritization of public transport in cities in order to
establish a fast and reliable environmentally friendly mode of transport. Public transport is less
flexible and often the journeys lasts longer because many times doesn't go directly to the
traveler’'s destination. As a result, buses and trams are often not seen as a real alternative to the
car. Cities can fix this problem by creating priority systems for public transport at traffic lights.
These priority systems can provide significant benefits in terms of reliability and can reduce the
loss of time, especially during peak hours, making public transport even faster [9].

One of the most effective ways to evaluate the measures applied on traffic management is by
using micro-simulation models in which can be represented different types of traffic scenarios
from a road network. Modelling traffic simulation is becoming one of the most widely used tool in
many transportation researches and studies [10] [11] [12] [13] [14]. In a micro-simulation model,
the passage of individual vehicles through a network is described in much detail, using a large
range of vehicle parameters [15] [16] [17]. Through modelling a road network can be evaluated
scenarios, which have been generated and then, help transport managers in operational and
planning studies. This is a helpful tool for short, medium and long-term studies even if it is not a
perfect representation of the reality [19].
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OBJECTIVES

The main objective of this study is to find the best ITS strategy (from the acoustic point of view)
to prioritize public transport at intersections taking into consideration different traffic scenarios.

METHODOLOGY

Traffic microsimulation description

The basic tool employed in this study is a microscopic, behavior-based multi-purpose traffic and
transit simulation model called: VISSIM. This traffic-engineering tool can analyze complex traffic
and transit operations including various levels of transit priority treatment at signalized
intersections. VISSIM can analyze traffic data and bus signals operations because contains an
external signal state generator (VAP) that allows for the analysis of user-defined signal control
logic [19] [20] [21]. This logic depends on the signal provided by the data extracted from some
traffic detector. This information could include the detection of number of passing-by of certain
vehicles, headway and occupancy. With a VAP logic acting on every scenario it can be calculated
the mobility performance of the ITS [22] and the consequences on environmental noise [6].

In order to build a VISSIM model some elements are needed [23]:

o Network geometry (links, nodes);

o Traffic demand - traffic flows (generators, routes), traffic compositions;

e General traffic characteristics (desired speed decisions, priority rules and stop
signs);

o Traffic signals (detectors, traffic controllers, signal phases and signal heads);

¢ In addition, we introduce the driving behavior to explore their effects on noise
emissions.

In this paper, we use VISSIM to estimate the sound power associated with the road. Our interest
focuses around the noise impact of traffic interaction between busses and the rest of traffic modes
in signalized intersections. Doing so, the best strategy (from the acoustic point of view) to prioritize
public transport at intersections could be evaluated. The study includes the following tasks:
e The junction is composed by 2 arms:
o The main road of 1 Km length composed by 3 lanes with the traffic
circulating in the direction E-W,
o The secondary road at the junction is a 2 lanes arm with the traffic
circulating in the direction S-N;
o Both roads have a dedicated bus lane, which is the right lane.
The traffic demand is variable for the different scenarios;
Traffic signal cycle length is also variable during the tests;
The bus prioritization has always the same logic;
The driving behavior of private vehicles is taken into account and remain the
same during simulations. We divide this private mode in aggressive, normal and
calm drivers/cars;
o Decision of changing the lane for overtaking is allowed.

The set of traffic parameters analyzed is as following:
o Traffic light:

o Fixed time cycles: 60 s, 90 s and 120 s. Effective Green is in every case
the 50% of the cycle (relation between green and full cycle) neglecting
the safety time and the reaction time to the red-green shift which is
usually set at 2 seconds;

o Bus Signal Prioritization (BSP) is funded in the previous fixed time cycles.
The BSP logic is programmed with VAP and is very simple. When there
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are no buses around the intersection, the traffic signal control performs
as a fixed time control. Then the relation between reds and greens
between the main and the secondary arm remain 50%-50%. When a bus
is detected on 40 meters upstream of the traffic signals, the logic has to
decide if introduce an “early green” or not. This happens only if the green
has a minimum length of 10 s. So, the prioritization is not carried out
when the minimum green is less than 10 s;
o For comparison the free flow is also simulated;
Demand (vehicles per hour). The traffic demand is estimated considering the
capacity of a road. In general, this capacity can be estimated through different
ways; one of them is the following:

C=NesS .\Vrciclo (1)

where C is the capacity (vehicles/hour);

S: Saturation intensity (vehicles / lane / hour);
N: Number of lanes;

V: Effective Green (seconds);

Teiclo: Time of the cicle (seconds).

For each lane can be established some correction factors which include: number
of lanes, their width, percentage of heavy vehicles, slope gradient,
movements/hour in a parking (in case that the road has one), bus stops/hour, if
the road is situated in the center of the town or in other areas, if there are lanes
reserved for certain movements of traffic, the proportion of vehicles turning right
and left, etc. In this study it is chosen S= 2100 veh/h/c without any correction
factor [6] and it is assigned the demand to satisfy the levels of service. We
understand “level of service” (LOS) from now on, the relationship between the
demand “D” and the capacity “C”. In this case, considering an artificial road of 2
lanes and the main traffic light defined previously, the two demands analyzed
stay as it follows:
o for a D/C= 045 (free flow) D=475 veh/c/h. D=950 veh/h;
o for D/C= 0,9 (near saturation) D= 950 veh/c/h [6]. The demand D= 1900
veh/h proved to be a pragmatic figure according to the expectations for
the VISSIM simulation;

Flow type:
o Random;
o Platoons;

Composition of the fleet:
o Main road (link 1): Cars with calm behavior: 0,14-0,16 %; Cars with
normal behavior: 0,64-0,65% Cars with aggressive behavior: 0,14-0,16
% and Buses: 0,03-0,06 % (60-120 buses/h);
o Secondary road (link 2): 60 buses/h.

Road noise power estimation

The output of the simulation consist in the following variables sampled second by second:

Type of vehicle (bus/car) and type of behavior (aggressive, normal and calm car);
Acceleration of every vehicle in the network in m/s2;

Speed of every vehicle in the fleet in Km/h;

The position of every single vehicle during the time of simulation;

The time of the simulation.

The propulsion noise power is defined by the following equation [6] [13]:
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V — Vref

LWP(f)=AP(f)+BP(f)-[ j+cp-a @

ref

where Lwp is the propulsion noise power, Ar B Cp: Coefficients that will change for each frequency
band in octaves for each vehicle category; v: Speed of the vehicles; Vrer: Reference speed; and
a: Acceleration of the vehicle.

The rolling noise is defined by the following equation [6] [13]:

LWR(f)=AR(f)+BR(f)°|09m(—j &)

\"
Vref

where Lwr is the rolling noise power; Ar, Br: Coefficients that will change for each frequency band
in octaves for each vehicle category; V: Speed of the vehicle; and Vier; Reference speed.

RESULTS AND DISCUSSION

By combining traffic parameters, there were generated 40 cases. From these cases we have
chosen the most relevant ones in order to establish some general rules. The set of figures
presented below shows the noise power emissions due to traffic along the main road (250 meters
upstream and downstream the traffic signal control situated in the junction). The rolling noise is
represented by the red color and the engine noise in blue.

Although we have analyzed the influence on noise of certain traffic parameters as:
Type of flow: random vs. platoons

Length of the cycles

Traffic demand

Behavior of the cars

In this paper we focus on the influence of prioritization of busses respect to the regular fixed time
program of the traffic signals. The analysis of all the cases show a pattern. This pattern is
presented below through the comparisons of the cases 6 and 46, 9 and 49: Free flow graphics
are also introduced in order to illustrate the influence of the different signaled junctions.
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Figure 1 —Case 6: BSP programmed in VAP, random traffic. Cycle: 60 s. Main road demand: 1900 veh/h.,
from which 120 are buses.
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Figure 2 —Case 46: The traffic simulation parameters are exactly the same as case 6, except that this time
is a fixed time program.

CASE 62: ROLLING NOISE

Noise Power in dBA

82
80
78
76

I\
UL

CASE 62: ENGINE NOISE

L

:

70
-250 -200

150 -100 -50

0 50 100 150
Distance in meters downstream and upstream along the road from the traffic signal control

200 250

Figure 3 —Case 62: Graphical representation of the noise power level of free traffic flow, keeping the same
parameters as in the cases: 6 and 46.
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Figure 4 —Case 9: BSP programmed in VAP, random traffic. Cycle: 120 s. Main road demand: 950 veh/h.,
from which 120 are buses.
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Figure 5 —Case 49: The traffic simulation parameters are exactly the same as case 9, except that this time
is a fixed time program
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Figure 6 —Case 64: Graphical representation of the noise power level of free traffic flow, keeping the same
parameters as in the cases: 9 and 49.

What we can observe in the analysis of all simulations with BSP and Fixed Time is that in a
general manner the noise in the proximity of the traffic light is always higher in the FIXED TIME
cases. This can be checked in the presented graphics (1 to 4). In these cases the engine noise
power is the average during all the simulation time (This includes all the stages of the traffic lights).
This means that in these graphics aren't represented just the most important noise events which
take place during stop and go behavior.

More buses more noise problems in Fixed traffic lights. This is not applicable to the BSP cases.

CONCLUSIONS

e Regarding the type of flow: (random vs. platoons). It can be observed that the
noise upstream is less when the traffic flow is in platoons

¢ Regarding the length of traffic light cycles. It can be observed when the cycles
are larger, the noise power increased upstream traffic signal control. This
statement is true for fixed traffic regulation and BSP.

e Regarding density of the flow. When the level of service is lower (but without
reaching traffic jam) the noise is relatively lower (of course, taking into account
the density) when compare with lower traffic demand.

¢ Regarding BSP logic. BSP solves the problem of noise, promotes the public
transport, without causing any type of negative secondary effects on the mobility
of the private traffic.
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