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Abstract. There are various macroscopic and microscopic road traffic
models that allow traffic flow analysis. However, it should be emphasized
that standard traffic flow models do not include emergency vehicle traffic.
We propose a multi-agent microscopic model for analyzing traffic flow of
emergency vehicles with some limitations to the distance between vehi-
cles and their proper distribution (corridor of life) to leave free passage
for a privileged vehicle. Real data was used to calibrate and validate the
model. Our simulation studies show the importance of certain aspects of
road traffic (distance between vehicles, corridor of life, size and type of
roadside, friction conflict, etc.) in order to increase / decrease the traffic
flow in the aspect of an approaching of emergency vehicle.

Keywords: Agent-Based Modeling (ABM) - Cellular Automata (CA) -
Traffic Modeling - Emergency Vehicles - Friction Conflict.

1 Introduction

The rapid arrival of emergency services such as the fire brigade, ambulance or
police to the places of dangerous incidents is crucial and often seconds decide
about the life or health of people. In the urban areas, but also on highways
or tunnels, traffic jams and high traffic density often occur. In such situations,
leaving the corridor of life is extremely important behavior.

There are many different models of car traffic. Regarding microscopic ap-
proach one can point out classical models, including on the one hand, continuous
ones like Intelligent Driver Model - a time-continuous car-following model [1]. On
the other hand there are discrete models like classical ones: Nagel-Schreckenberg
model [2] and Chopard- Luthi-Queloz traffic model [3], where CA paradigm was
applied. Although these models are relatively simple they allow for analysis of
different relationships [4-8], etc. One can also identify a trend where drivers/cars
are represented as agents and their possess different abilities [9].
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The emergency cars simulation was performed in [10]. The author confirmed
that the mean speed of the emergency car and its arrival time all depend enor-
mously on the cars density, the route length of the emergency vehicle and the
turn capability of the cars. However, following the [11] one can point that the
majority of studies based on emergency cars have deals with such problems as:
emergency vehicles location problem [12], emergency vehicles dispatching prob-
lem [13], and emergency vehicles routing problem which consists of finding a
shortest (fastest) path from one location to another [14]. The results of predic-
tion of travel time of the priority vehicles are also available [15, 16].

In this article, the authors proposed a multi-agent multi-cell CA model to
study the impact of drivers’ behavior on the road on the time of an emergency
vehicle moving. The novelty of this work is to develop a CA model that allows
vehicles to move sideways. This was achieved by mapping each lane of the road
as a grid of small cells that enables this effect. It should be stressed that standard
traffic flow models do not take into account the movement of emergency vehicles,
however it is highly required to consider such microscopic models in process of
stationing deployment of emergency vehicles.

2 Proposed model

2.1 Road structure, types of vehicles and real data

A one-way two-lane road has been mapped. Vehicles move in two directions -
forward and sideways. To get high accuracy simulation, the road was divided
into many small cells. The grid of a CA consists of two lanes of road divided
into cells of 1 m long and 0.25 m wide (Table 1).

Table 1. Road width (according to regulations in Poland [17].

Road width [m]|Road width [cells]|Minimum roadside width [cells]
2.5 10 10

3.0 12 6

3.5 14 2

3.75 15 0

To avoid a situation in which the emergency vehicle traffic would be perma-
nently blocked due to insufficient road width, a roadside was used. The size of
the roadside is adapted to the width of the road so that the total width of the
road is at least equal to the sum of the width of two trucks and a firefighter
car. In the developed system, however, it is possible to widen the roadside in the
range of 1 to 5 CA cells on one side of the road.

A few type of vehicles are considered (Table 2). The developed model uses
small CA cells to allow the vehicles to move sideways. However, the larger the
vehicle is, the more difficult it is to maneuver. Therefore, a number of empirical
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Table 2. Types of vehicles (based on real sizes taken from vehicles’ catalog).

Type of vehicle|Size (length; width) [m]|Size (length; width) [CA cells]
Ambulance 6; 2 6; 8

Firefighter car |9; 2.5 9; 10

Truck 18; 2.5 18; 10

Small car 3; 1.5 3; 6

Medium car  |4; 1.75 4,7

Big car / Bus |5; 2 5; 8

measurements were carried out, on the basis of which the possible maximum
lateral shift after a certain distance forward was determined (Fig. 1).

Fig. 1. Some examples of empirical data taken for different types of vehicles.

2.2 The corridor of life

The so-called corridor of life is a free space on the road created for emergency
vehicles, by stopping vehicles standing in a traffic jam at the edge of the road.
Such solution has been implemented in the developed model (Fig. 2). When there
is a situation that the vehicle is forced to reduce its speed, e.g. due to coming to
a traffic jam, it will start the descent towards the appropriate edge of the road,
thus creating a free passage in the middle of the road. If curb is chosen as the
roadside type, then the vehicles will be as close as possible to it first. However,
if an emergency vehicle appears and it does not have enough space to continue
its travel, then the other vehicles will start to enter the curb at a speed of 1 cell
/ iteration.

Fig. 2. A traffic jam without a corridor of life (top), with corridor of life (in the middle),
and with corridor of life on the road with curbs (bottom)
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2.3 Safe distance between cars and the friction conflict

It is good practice to maintain such a distance from the vehicle in front of you
that, in the event of an unexpected traffic situation, ensure sufficient time and
room to react. In the system the safe distance can have values from 0 to 5 CA
cells (from 0 to 5 m) and it is one of observed parameter.

In a situation where cars in traffic jams leave a little space for an emergency
vehicle, the driver of such vehicle cannot drive at high speed for fear of collision
with other vehicles. An emergency vehicle must significantly reduce the speed of
the journey. This situation is referred to as a friction conflict, i.e. an emergency
vehicle moves between other vehicles, from which it will not be separated even
by a single CA cell of free space. Based on observation, we assume that then the
maximum speed is automatically limited to 5 cells/iteration (about 18 km/h).

2.4 The rules of traffic movement

The rules of emergency vehicles In order to properly describe a movement
of each type of analysed vehicle, a set of possible actions should be established.

1. Acceleration: v;(t) < Vpmae — vi(t + 1) = v;(t) + 1, where v;(t) - speed of
vehicle in i-cell in time ¢, vy, - the maximum possible speed.

2. The best route - specification of the side shift value (ss;q4e), according to the
developed algorithm.

3. Breaking - here are two stages:

(a) based on step2 with formula as follows:

0 ifs=0
sside 7 0 = vi(t) = {mam(l,min(s, V2say)) if s >0 W

where v;(t) - speed of vehicle in i-cell in time ¢, s - the distance to the
nearest obstacle, a; - a traffic delay factor, sg;q4e - the value of side shift.
(b) The second stage only occurs when the passage is too tight and there is
so-called a friction conflict, this is illustrated by the following relation-
ship: v;(t) > 5 = v;(t+1)=5
4. Identification of the area in which the emergency vehicle’s signals are "heard’
or ’visible’.
5. Shift - after completing all previous steps, the vehicle already has a new
speed specified and must change its position at ¢ + 1 according to its value.

The rules of classical vehicles The subsequent states of classical vehicles are
determined as follows:

1. Acceleration: v;(t) < vmaz — vi(t + 1) = v;(t) + 1, where v;(t) - speed of
vehicle in i-cell in time ¢, v, - the maximum possible speed.
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2. Braking - based on the distance of the car to the nearest vehicle and is
expressed by the following formula:

0 ifs=0
vi(t) = {max(Lmin(& V2sap))if s >0 @

where v;(t) - speed of vehicle in i-cell in time ¢, s - the distance to the nearest
obstacle, ap - a traffic delay factor.

3. If the emergency vehicle is approaching, then perform the first and second
steps again.

4. Random event - the simulation of unexpected events on the road (pedestrian
intrusion, sudden braking in front of an obstacle, etc.). This step is expressed
by the following formula: v;(t) > 0A P(t) < p — v;(t+ 1) = v;(t) — 1, where
v;(t) - speed of vehicle in i-cell in time ¢, P(t) - the value of the random
variable at time ¢, p - the probability of a random event.

5. If it is necessary, try to turn off the road to make place for an emergency

vehicle.

Consider if being in the signal area of the emergency vehicle

7. Shift - after completing all previous steps, the vehicle already has a new
speed specified and must change its position at ¢ + 1 according to its value.

o

3 Results

Numerical tests were conducted for two types of emergency vehicles - ambulance
and fire brigade. The system was upgraded every 1 second. The results are the
arithmetic mean of 100 simulations and show the delay of the emergency vehicle
in relation to the time that this vehicle could pass the road while it was traveling
with the maximum speed allowed. The road density was assumed in the range
from 10% to 20% with a 0.2% step and the distance between vehicles standing
in the traffic jam in the range from 0 m to 5 m.

The analysis shows the correlation between the value of delay and the dis-
tance between standing vehicles (Fig. 3). The greater the distance left between
the vehicles is, the faster the emergency vehicle is able to cross the road with
traffic jam. In addition, narrow roads with a single lane width of 2.5 m or 3.0
m generate a much greater delay compared to roads with a single lane width of
above 3.5 m. In contrast to the charts for the ambulance, the increase of road
density causes a worsening of the travel time, no matter how big the distance
between standing cars is. In addition, for lanes with a width of 3 m and 3.5 m,
the delay is close to the value of the ambulance delay on the road with a lane
width of 2.5 m. This is related to the larger dimensions of the fire brigade vehicle
in relation to the ambulance. In the case of a vehicle as large as the fire brigade,
the benefits resulting from the increased road width seem to be noticeable only
for a road with a width of 3.75 m.

The simulation results show that the lack of free space between vehicles
standing in a traffic jam makes it impossible to perform maneuvers to give way
to an emergency vehicle. This takes on special importance when the emergency
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Fig. 3. Ambulance (the first row) and fire brigade (the second row) delays on the road
with two lanes (a) 2.5m wide each, (b) 3.0m wide each, (c) 3.5m wide each, and (d)
3.75m wide each, depending on the road density - r and distance between vehicles - d.

vehicle is a fire vehicle, i.e. a vehicle with a much larger size than a police car or
ambulance. The biggest differences are noticeable in the vicinity of 20% of the
density and distance at the level of 0 m. It can be concluded that in a certain
range of values, the negative effect of compaction growth can be offset by the
increased distance between vehicles. In this case, it can be assumed that if drivers
observe increased traffic flow on the road, they should keep a greater distance
between themselves. In the analyzed cases, the fire brigade vehicle again had a
greater delay in transit due to the increased its dimensions and the occurring
friction conflict.

4 Conclusions

The most important conclusions from the work carried out can be formulated
as follows: (1) The proposed microscopic approach in traffic modeling, taking
into account the detailed geometry of the roads and the specificity of drivers’
behavior in a given area, is useful in the process of stationing deployment of
emergency vehicles. (2) The use of small cells of cellular automaton enables
efficient modeling of lateral shifts and frictional conflicts. (3) Leaving a greater
distance between vehicles immobilized in a traffic jam has a positive effect on
better maneuverability and thus less delay in the passage of a priority vehicle.
(4) Potential friction conflicts can be predicted on the basis of maps. Geometry
of particular roads, as well as behaviors of other road users are crucial factors in
planning the arrival time of priority vehicles on a specified route.
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