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Abstract 

The topic discussed in this paper concerns the design of the best routes for 
emergency vehicles to save weak users. The design problem is formalized in 
order to allow the emergency vehicles (ambulances) to rescue all weak users in 
the shortest time. In particular, in this paper a hardware-software tool that can be 
used to collect real-time data for the implementation of the proposed models is 
analyzed. The tool is designed to identify the paths (mapping the vehicle position 
at fixed time intervals) and to register the vehicle stops at the weak user’s 
location. 
Keywords: evacuation, path design, vehicle routing problem, emergency 
conditions. 

1 Introduction 

Evacuation procedures are used when faced with catastrophic events, both 
natural (floods, hurricanes, wildfires, and so on) and man-made (nuclear and 
chemical accidents, terrorist attacks and so on). 
     In emergency management [1] two phases can be identified [2]: a planning 
phase and an operative phase. The first one concerns the operations planning 
(protocols) to be implemented in an emergency in the case of evacuating the 
population, the second one concerns the application of the procedures provided 
in the planning phase and their possible modifications. 
     This work is a part of the SICURO research project [3] carried out by the 
LAST-Laboratory for Transport Systems Analysis of the Mediterranean 
University of Reggio Calabria. The objective of the SICURO project is the 
development of models and guidelines for evacuation demand simulation [4–6], 
supply and demand-supply interaction simulation [7–9], supporting path design 
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for emergency vehicles [10–12], pedestrians outflow in the buildings simulation 
[13–15] and supporting urban transport planning in emergency conditions  
[16–18]. 
     A classical approach is the solution of a vehicle routing problem: noting the 
user positions, the ambulance routes are designed to reach all users in the 
minimal amount of time. The time depends on the network characteristics; in 
emergency conditions two cases can be considered [10–12]: the network has a 
mixed use (i.e., all vehicles can use it without restrictions), or the network has 
some reserved links (i.e. can only be used by emergency vehicles). A procedure 
for network design [19] can also be considered for optimizing the movement of 
emergency vehicles (i.e., with a signal priority system). 
     The problem of an emergency vehicle that has to pick up users at fixed points 
of the network and to bring them to a refuge area can be schematized in three 
steps (in section 2 the argument is detailed): 
 system performances estimation, which gives the output of the link flow and 

cost; 
 one-to-one problem solution, which gives the output of the shortest path (or 

in general the multiple paths with their probability between each origin-
destination pair); 

 many-to-one problem solution, which gives the output of the optimal routes 
for emergency vehicles. 

     The main aim of this paper is the design of optimal routes for an ambulance 
to rescue some weak users (a weak user is a person lacking in bodily strength or 
healthy vigour, such as from age or sickness). The design of optimal routes 
requires knowledge of the cost of the links and it is necessary to define a cost 
function. For this purpose the paths taken by emergency vehicles are traced, 
taking the costs of certain links of the network: the estimation (specification, 
calibration and validation) of a cost function allows one to establish the value of 
the cost on each network link in relation to the time slice during the day. The 
tracing of emergency vehicle paths required the design and implementation of 
appropriate tools (hardware and software). 
     The paper is structured as follows. In section 2, some steps are proposed and 
discussed for designing the routes for emergency vehicles. In section 3 a 
hardware-software tool that can be used for data collection in real time is 
described. In section 4 some conclusive considerations are reported. 

2 Models  

To identify the optimal routes for an emergency vehicle, three steps can be 
followed: 
 system performance estimation, which can be achieved through one, or a 

combination, of the following: Traffic Assignment (TA) (static or dynamic), 
Real-time System Monitoring (RSM) or Reverse Assignment (RA) [20]; 

 One-to-One Problem (OOP) solution, which consists, given the costs on the 
network obtained by the previous step, in generating alternative paths for 
each origin-destination pair;  
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 many-to-one problem (Vehicle Routing Problem-VRP) solution, which 
consists, given the optimal paths between every origin-destination pair 
obtained by solving the OOP, in the solution of a VRP formulated as a 
classic optimization problem whose objective is to calculate the best 
combination of one-to-one paths in order to visit a certain number of 
network nodes in succession. 

2.1 System performance estimation 

To calculate the link flows and costs, three methods could be used: TA, RSM 
and/or RA. 
     The TA method simulates the demand-supply interaction to determine system 
performance (flows and costs). Two approaches are possible: User Equilibrium 
(UE) or Dynamic Process (DP) [7, 8, 21].  
     RSM allows us to obtain the traffic flow data using monitoring techniques 
and can be obtained with measurement at fixed points in the network (with 
traditional measurement systems as loop detectors and image processing [22] or 
floating cars [23] in the network (individual cars, taxis, transit system vehicles). 
RSM costs and flows are usually made for a subset of the network links.  
     RA models [20] have in input link flows and costs and give in output the link 
cost parameters of the cost-flow functions used in the supply model and the 
value (number of trips) and/or the model parameters of the demand model. 
Starting from the observed costs and flows (i.e. provided by RSM), RA models 
provide the demand value and/or parameter and/or the link cost parameters of the 
cost-flow functions used in the supply model. 

2.2 One-to-one problem 

To solve the OOP (shortest path) exact or heuristic algorithms [24, 25] can be 
used. Considering the ordinary condition, in literature there are several 
applications of these procedures also for ambulances dispatching [26]. 
Furthermore, there are several software for the detection of shortest paths [12]. 
For an extended review of these topics refer to [10]. 
     In this paper, to solve the OOP, a probabilistic approach is adopted. In this 
approach the path cost is considered as a random variable resulting from the 
user’s perception.  
     The probability of considering a path in vehicle routing pn(k) can be 
calculated as the sum, on all the sub-sets i which contain the alternative k, of 
the product between the probability pn(k/i

n) of perceiving the sub-set i
n and the 

conditional probability pn(k/i
n) of considering path k given the choice set i

n 
[27]: 

pn(k) = i  pn(i
n) • pn (k/i

n) 

2.3 Vehicle routing problem 

Concerning the many-to-one approach, the VRP is used to define a choice set 
that consists of several paths, each of which optimizes an objective function and 
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connects one origin (refuge area) to many destinations (weak user residences). 
The VRP consists in designing optimal routes from a fixed point (i.e. the 
ambulance depot) to a set of users, in general subject to various constraints. The 
VRP was introduced to optimize the freight vehicle routes, and in this topic a lot 
of works ([28, 29] for extended references) were published. In some works [26] 
the vehicle routing problem was proposed for emergency vehicles in ordinary 
conditions, in other [30–32] the VRP was proposed to optimize the source 
allocation in a post disaster scenario (i.e. to allocate medical supply or 
emergency vehicles). In [10–12] a VRP to optimize the ambulance routes in a 
pre disaster scenario (when the disaster has been notified but not yet happened 
[3]) was proposed. 
     For the problem formulation refer to [12]. 

3 Tool 

In this section how the proposed procedures were tested is described. 
     Application to a real case was done to simulate an experience of evacuation 
planning for weak users due to a hypothetical forthcoming disaster executed in 
the within of SICURO project in the experimental test site of Melito Porto Salvo 
(Reggio Calabria, Italy). 
     Real case application was designed to detect the paths and stops of an 
ambulance to rescue some users. 
     The instrumentation consisted of a PDA equipped with GPS tracing (figure 1) 
and software that mapped the points (to identify the paths) at fixed time intervals 
(in this case 10 seconds); the stops were identified interactively by an operator; 
by using the PDA other data were obtained to determine characteristics of the 
intervention (number of users, user location, and so on). 
     The arrival time at the user residence was indicated by the operator. The start 
was derived by analyzing the points that spatially coincide with the stop and 
assuming that the departure moment is the instant of observation of the last of  
 

 

Figure 1: The PDA used. 
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these points. The stop duration (operation time) was calculated accordingly with 
the measures. 
     The used software interfaces with the operator through two main forms 
(figure 2a/b). The first one allows one to record the start/return at the refuge area 
(to take the paths) and to indicate the positions where the weak users are located. 
The second one, which is accessed from the first, contains the questions text 
provided by the analyst. The software is managed by an input file (figure 4) in 
which parameters (i.e. log interval) and questions type and text are supplied. 
 

 

START

RETURN

Weak 
user

Question number 

Question text 

a) b)  

Figure 2: The software forms. 

10 //log interval (seconds) 
#QUESTIONNAIRE  
2 // Total question number 
# 1 // first question 
L // L-type question  
The weak user is on the 
floor number... 

// L-type question text 

# 2 // second question  
M // M-type question  
Need for special 
equipment at this stop 

// M-type question text 

2 // provided answers number  
YES // provided answers 
NO 
#PARTENZA  

00 
// there is no question associated with  
...the command button PARTENZA 

# TAPPA INTERMEDIA  

11 
// the first and the second demand are 
...associated with the command button TAPPA 
...INTERMEDIA 

#ARRIVO  

00 
// there is no question associated with  
...the command button ARRIVO 

Figure 3: An example of an input file. 

 (a)                                                (b) 
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#TAPPA 1 $GPGGA,091854.000,3792.0766,N,01578.5105,E,1,09,1.0,,,,,0000*6D 

#TAPPA 2 $GPGGA,092944.000,3792.0777,N,01578.5104,E,1,09,1.0,,,,,0000*6E 

#TAPPA 3 $GPGGA,094806.000,3791.8768,N,01578.4700,E,1,09,1.0,,,,,0000*6E 

#TAPPA 4 $GPGGA,095750.000,3792.0130,N,015.786235,E,1,08,1.1,,,,,0000*64 

(a) 

UTC Latitude Longitude Fix 
quality

Number of 
satellites 

being 
tracked 

Horizontal 
dilution 

of 
position 

checksum 
data 

90152 37.92237 N 15.77756 E 1 9 0.10 *71 

90202 37.92235 N 15.77845 E 1 9 0.10 *7B 

90212 37.92220 N 15.77960 E 1 10 0.09 *7E 

90222 37.92191 N 15.78076 E 1 10 0.09 *77 

90232 37.92180 N 15.78135 E 1 10 0.09 *70 

90242 37.92146 N 15.78156 E 1 10 0.09 *7A 

90252 37.92123 N 15.78153 E 1 10 0.09 *7A 

 
(b) 

Figure 4: (a) An example of an output file: stops. (b) An example of an 
output file: paths. 

     There are two question types: L-type questions are open questions (that is, the 
operator must write the answer), M-type questions, are multiple-choice questions 
(that is, the answers were provided by the analyst and the operator chooses one). 
The questions are activated when the operator pushes a command button 
provided in the first form.  
     In figure 4(a) some data related to the stops are reported; in figure 4(b) some 
data related to the paths are reported. 

4 Conclusion 

In this paper a design method for emergency vehicles routes, to safe weak users, 
lacking in bodily strength or healthy vigour (as from age or sickness) was 
discussed. The design problem introduced allows to the emergency vehicles 
(ambulances) to rescue all weak users in the shortest time. A hardware-software 
tool that can be used to collect real-time data used for the implementation of the 
proposed models is analyzed. This tool helps to collect real-time some data 
necessary for the development of the proposed model (e.g., weak user 
characteristics), moreover allows a real time monitoring of the routes and stops 
for emergency vehicles. 
     In the future the models for interaction between simulation and design 
approach will be developed. 
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