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Abstract

In this paper a review on path and route optimization for rescue vehicles is
reported. Starting from general considerations on risk in transport networks, the
models and the procedure applied to simulate or optimize an evacuation are
analysed. The path and the route optimization were examined, considering the
one-to-one approach and the vehicle routing.
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1 Introduction

In road evacuation, various fields can be considered: demand analysis [1, 2],
demand-supply interaction [3], planning [4-8] and path/route optimization [9].
The path/route optimization (considering as path the trip between two points,
as route a trip chain with some intermediate points) is a problem much discussed
in literature. This problem can be formalized for specific vehicle classes, such as
rescue vehicles (ambulances, fire engine and so on). There are many approaches
used to define and tackle the problem, depending on the type of results sought.
So, considering for example the objective function, the path travel cost or the
path travel time or their combination can be optimized. For these reasons, the
aim of this paper is to furnish a review on path/route optimization for rescue
vehicles in an evacuation. The path (and/or the route) of a rescue vehicle that
moves on a network can be chosen by two decision-makers: the driver or an
external decision-maker. In the first case the decision derives from the driver’s
experience and/or from the use of an instrument able to capture the network
characteristics (i.e. a GPS navigator). In the second case the decision-maker
informs the driver of the path to follow. In order to follow the best decision, the
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decision-maker has to be supported by a system that receives real time
information, optimize the paths in real time, and communicates it to the driver.
The real-time information allows knowing the instantaneous state of network and
re-optimizing the paths both for private vehicles and rescue vehicles.

In section 2 the literature review on path/route optimization is considered,
analysing the risk in a transport system. Two approaches are considered: the first
is the one-to-one approach for the path optimization; the second is the vehicle
routing approach (or one-to-many) for the route optimization. In section 3, some
conclusions are reported.

2 Routing methodologies

Risk analysis in transport systems allows planning the activities to perform in
emergency situations (rescue people, resource allocation and distribution and so
on). To perform this activities, demand analysis [10—12], supply [13], demand-
supply interaction [3, 14-16], route optimization [9, 17, 18], land use studies
[19] are necessary. A systematic analysis of the risk theory applied to transport
systems is reported in [20]. In other studies are treated just specific aspects
referring to the case of an emergency at wide scale as an example due to the
threat of a nuclear disaster [21], or to the generic risk in an urban transport
system [22]. Some works investigate the effectiveness of using traffic simulators
for optimal scheduling of evacuation operations [23, 24]. Moreover, some tools
have been developed to simulate the evacuation scenarios [25].

In emergency conditions, the network optimization can be also performed; the
aim is reserving one or more lanes along paths optimized for rescue vehicles
[26]. Other topics refer to the network evaluation (reliability, vulnerability,
accessibility) to optimize the medical supplies location [27]. In general, the
models and the algorithms used in ordinary conditions [28, 29] cannot be applied
to the case of emergency conditions [20]. Similarly for the path search: a large
literature in the case of ordinary conditions is present [30-32] but only few
works [33-35] are present in the particular case in which the conditions of a
transport system are modified due the happening of an emergency.

In transport models, several classes of users can be considered, for example in
[36] four classes are defined to establish assignment rules. Referring to the
specific case of path optimization in evacuation conditions, two classes of users
could be considered: users who in an evacuation go out alone from the area,
users who need help to go out alone from the area. In the first case, the evacuees
use private vehicles; in the second case the evacuees are rescued using rescue
vehicles (ambulances, buses as so on). Moreover, the path optimization can be
tackled considering the current network state or modifying the network (network
optimization) to optimize the path of a vehicle class.

In the specific field of rescue vehicles [9], the path search problem can be
treated with two main approaches:

1. one-to-one, to optimize paths that connect one origin to one destination
(i.e. an ambulance which transport one person once);
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2. vehicle routing, for the connection of one origin to many destinations (i.e.
a bus which transport more than one person).

The vehicle routing problem is an extension of the one to one problem
because in each pair of nodes to visit a one to one problem has to be solved.

In the next subsections, a literature review on path search and routing
problem is reported.

2.1 One-to-One

The One-to-One Problem (OOP) [9, 17, 18] consists on find the best path
between an origin and a destination. In the field of the path search two topics can
be considered: 1) the search of the non-congested shortest path between an origin
and a destination; 2) the search of the shortest path perceived by the road user. In
the first case, the analyst, starting from the road network, looks the shortest path
between each origin/destination pair considering the cost functions associated at
the network links. In the second case, the analyst tries to simulate the path
followed by the user searching in some choice sets of possible paths; the choice
sets can be defined using several methods to define the costs. This case,
considering that a subset of paths in the choice sets is perceived by users, has
been treated in literature. Two different phases can be distinguished [32, 38]:
1) generation of a choice set and 2) path choice among the alternatives belonging
to the choice set.

In the literature several algorithms may be found to solve the path search
problem [9]. These procedures allow the generation of feasible paths (differing
from each other) on a transport network and the definition of the only choice set
(mono-set) or all the possible attractive sets (multi-sets). In considering the
mono-criterion approach for path generation, exact (shortest paths, k-paths, o-
paths) or heuristic algorithms could be used [9]. Under the multi-criteria
approach, the above exact algorithms (which generate not outstanding paths) or
heuristic algorithms could be applied [9].

Referring to ordinary conditions of the network, in the literature there are
several applications of these procedures [39, 40] also for time-varying network
[41, 42] and for rescue vehicles signal pre-emption [43], dispatching [44] and
interaction with regular vehicles in an urban context [45].

Therefore few works treat the one-to-one path search problem in emergency
conditions [46]. As in ordinary conditions, even in emergency conditions, the
user behaviour can be influenced by real time messages. In [47] users’ choices
are analysed according to how information is disclosed.

In [48] an attempt to define an architecture that allows a control centre to
provide real-time information to users and to rescuers involved in the evacuation
is reported.

Under emergency conditions, Takahashi et al. [34] propose a model that
simulates the variations in user path choice behaviour when, due to a calamitous
event, the road network has limited accessibility. The model entails estimating
the variation in costs incurred by users who are forced to modify their path
choice. Shen et al. [49] propose a user equilibrium approach to analyse the paths
toward the safety shelters when some damage has affected the transport network.
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In emergency conditions, the network characteristics can change (i.e. some links
are not practicable) and also the link cost can be change in the time [50]. To
capture this variability, cost function in time dependent network [51] and
algorithms to find the shortest paths [52, 53] are developed. In table 1 some
papers present in literature are reported and classified.

Table 1: Path search problems classification.
Reference Solution approach Cost functions Path Conditions
E H S TD SP MP Ord Eva
[9] X X X X
[41] X X
[42] X X
[46] X X X
[49] X X X
[50] X X X
[52] X X X X
[5 3] X X X X

E: exact, H: heuristic; S: static; TD: time-dependent; SP: single path; MP: multiple path; Ord: ordinary; Eva:
evacuation

2.2 Many-to-One

The many to one approach, schematized in a Vehicle Routing Problem (VRP),
regards the necessity to visit a certain number of nodes in a given sequence,
leaving from an origin and returning to it, visiting a node exactly once, with the
respect of some constraints (i.e. number of users to visit, number of vehicles and
their capacity and so on).

Many methods are possible to classify the routing problem, in the next are
highlighted the solution approach (exact or heuristic) the cost (static or time-
dependent), the demand (fixed or dynamic) and the conditions in which the
problem is formulated (ordinary or evacuation). In Table 2 some papers present
in literature are reported following the specified classification. Others elements
of classification in an emergency can be: the dangerous event is happen or not,
the rescue vehicles service is delivery (i.e. to deliver medical supply) or pick-up
(i.e. to carry out some users). In Figure 1 a schematic representation of these
elements is reported.

The literature that concerns the routing problems is very large [54], the
problem generally comes place in the terms of a vehicle that it has to distribute
some goods to of the retailers [55, 56]. Several modified VRP, which take into
account the possible variables varying, are present in literature. As an example
the Dynamic Vehicle Routing Problem (DVRP) considers the travel time
variability on the network [57]; the Multi-Depot Vehicle Routing Problem with
Time Windows (MDVRPTW) assumes different depots and allows the
loading/unloading operations just in the within of a specific time window [58].
Other VRP extension could be considered the Inventory Routing Problem (IRP)
that allows the iterative goods delivery to the retailers [59]. Moreover, the
problem of capture travellers’ route choice adjustments according to information
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Table 2: Routing problems classification.
Reference Solution approach Cost functions Demand Conditions
E H S D F D Ord Eva
[57] X X X
[53] X X X X
[(,()] X X X
[(,1] X X X X
[62] X X X X
[63] X X X X
[64] X X X
[66] X X X
[67] X X X
[68] X X
[69] X X X
[70] X X X
[71] X X X X
[72] X X X X
[73] X X X X

E: exact, H: heuristic; S: static; TD: time-dependent; F: fixed; D: dynamic; Ord: ordinary; Eva: evacuation

is treated in several studies. As an example, in Gao et al. [60] in order to capture
the option value of diversion, a routing policy choice model where alternatives
correspond to routing policies is proposed. A routing policy is a decision rule
that maps from all possible (node, time) pairs to next links out of the node.

In the case of rescue vehicles, under ordinary conditions, in Yang et al. [44] is
considered a fleet that intervenes in function of their current position on the
network, in order to maximize the covered area and, in the hypothesis that a
vehicle covers a date zone, assigning a sequence of nodes to visit in function of
the users characteristics. Gendreau et al. [62, 63] propose a method for the
relocation of rescue vehicles in order to maximize demand served and covered
area. Rajagopalan et al. [64] propose a model to determinate the minimum
ambulance number and their location to meet the demand for each interval time.
For a review on models of location and relocation for ambulances, refer to [65].

Nair and Miller-Hooks [66], propose a multi-objective approach to relocate
the emergency medical service in area, considering system uncertainty.

The optimization of human and medical resource can be tackled, in real
world, using a dynamic vehicle routing [67] to take into account the possible
immediate helping requests. In this approach, also using information
technologies, the ambulance routes and the patient assignment at the doctor can
be optimized.

In emergency condition, the vehicles can be used to rescue people or for
logistic aims (i.e. deliver supplies). Liu ef al. [61] to distribute medical supplies
and to respond at a large-scale emergency propose a VRP to minimize unmet
demand and time delays. In Zhu ef al. [68] a vehicle routing problem to optimize
the use of a fleet for medical supplies delivery in an emergency is proposed. The
problem is formulated to minimize two objectives: the unmet demand and the
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Figure 1: Routing problems and cost functions.

total time. Araz et al. [69] study an emergency system (ambulances and anti-fire
vehicles) so as to diminish travel time and maximize the area covered and the
number of users saved. Shen ef al. [70] propose a VRP to intervene in the case of
large scale bioterrorism emergency. The proposed model consists of two stages:
planning (the routes are generated in advance for any emergency) and operation
(taking into account the information gathered in emergency conditions will make
the appropriate changes to the routes determined in the planning stage). Jotshi et
al. [71] propose a methodology for the routing and dispatching of rescue vehicles
in a disaster scenario, the problem is solved according to the distance between a
rescue vehicle and the user in difficulty and as a function of its health conditions.

In Shiwei ef al. [72] and Song et al. [73] the buses use to people evacuation in
order to minimize the evacuation time, optimizing the buses routes is analyzed.
The problem faced also allows the optimization of the number of vehicles, their
capacity and their positioning pre-evacuation. To deepening refers to [9]. In
some other works, approaches to design a lifeline for rescue vehicles reserving
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them some lanes or giving them priority to intersections [74] are proposed. The
contraflow policies allow reconfiguring the network with the objective of

minimizing evacuation time [75].
3 Conclusions

In this paper, a literature review on route optimization for rescue vehicles in road
evacuation is reported. The study start considering the route optimization at two
level: at the first the path optimization (one-to-one), at the second the route
optimization (many-to-one) are considered. Then, the state of the art analyse the
path optimization problem, considering some aspects (as cost functions, solution
approach) and the route optimization, considering objectives and solution
approaches.

The path optimization is approached as an OOP, the aim to find the best path
between an origin and a destination. Some paper related to ordinary conditions
(with static and time-dependent cost) are reported; moreover some papers that
analyse the path search in emergency conditions when some modification are
present in road network and considering the variations in the costs are reported.

The route optimization is approached as a VRP, the aim is to optimize the
route which links some intermediate nodes. Some approaches for ordinary
conditions are reported, then the emergency conditions are analysed. In
emergency conditions the VRP tackle both the medical sources distribution and
the people rescue.
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